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COMPRESSED AIR PRACTICE 

L ADVAHTAGBS AND USES OF COMPRESSED AIR PORTER 

AdTAntagM for mining lerviee: (a) air drills are of nigged construction, and (b) lew 
Buaoeptible damage by moisture tiian electric drills; (e) air lines are readily maintained 
and extended; (d) leaks eamly detected and repaired; (e) air power is safe in gaseousmines; 
(/) exhaust air aids ventilation. 

Uses of compressed air in mining, qnsrr^g and smelting (2, 21). Compressed air is widdy 
applied in mining and allied fields, for operating drills and hoists; pneumatio tools, as grinders, 
drills, riveters, chippers, pneumatic diggers and spades; air-driven sump pumps; direct-acting and 
air-lift pumps; pile drivers for shaft sheathing; drill-eteel sharpeners: air pistons for unloading cars; 
ur motors; compressed-air locomotives; oil furnaces for heating steel; shank- and detachable-bit 
grinders; cement and paint sprays; stone channellera; mine ventilation; supplying air for blowing 
converters; agitating cyanide tanks; transferring metallurgical solutions; starting Diesel engines; 
coal preparation. 


2. TERMINOLOGY AND DEFINITIONS (1, 2, 21) 

Compressor capacity is usually expressed in vo^ of rnsia air, t e, air under the press and 
temp conditions at the compressor intake, the normal atmos conditions of the locality. 

Reciprocating compressors. In these, the compressing element is a piston moving 
in a cylinder. 

Poaitive displacement blowers have two inter-meshing gear-type elements, rotating in 
opporite directions within a stationary caring. Rotary blowers are positive displace¬ 
ment units which compress by eccentrically-mounted vanes, with a rotaiy seal separating 
intake and discharge openings. Liquid-seal blowers are a variation of rotary blower, 
in which a vaned impeller operates in an elliptical casing, the seal between intake and dis- 
ohargq. being water, which is thrown outward during operation, following the form of the 
oaring and acting as a liquid piston. All the above are of the positive-displacement type. 

Turbo or centrifugal eompresaors. Compression is effect^ by centrifugal action of 
Uaded impellers rotating at high velocities. 

Hydraulic comprestora are those in which water descending in a vert pipe compresses 
the entrained air 

Sinide-stage compreisora. ComprMsion from initial to final pressure is completed 
in one step or stage. In reeiproaiiting machines compression is completed in a single 
stroke of the piston. 

Multi-stage compreasora. Compression from initial, to final press is completed in two 
(tr more distinct steps or stages. In a 2-Btage reciprocating compressor compresrion is 
carried to an intermediate pressure in one cylinder, and the air then passes through an 
Intercooler to another cylinder in which compression reaches the finri pressure. 

Compressor drives are claari^ed as steam- or power-driven. Also as niRBcr-coimEiCTBn, 
ih which the driver is an integrEd part of the machine, as gas or Diesel-engine-driven units, 
where tiie power cylinders and air pistons act on the same cr an ks h a f t; dibskh’-btram- 
DBIVBK, in -which the steam and air pistons are on the same rod and act on the same 
crankshaft; dirbct-oonnbctbd buictbic, in which the motor is mounted on compressor 
crankshaft; watbb-whrrd-drivrn, in which the water wheel is mounted on the com¬ 
pressor crankshaft; diebct coupled, in which the driver is connected to the compressor 
crankshaft through a flexible coupling, dutch, or gears; bbw dbtvb, in which the driver 
is collected to the compressor by a flat belt, multiple V-type belt, or rope; chain drive, in 
which the driver is connected to the compressor by a chun and sprocketed pulleys. 

Classification of reciprocating compreasora. (2, 21). Vbrtical comprbbbors have the 
compressing dmnent in a vert plane. A variation is the V-type, with two or more com¬ 
pressing c^inders oppositdy indined. Horizontal comprmsom have the compressing 
demmits in a horis plane. Angus compressors aro of the multi-cylinder type, with the 
cylinder axes at an angle to each other; there arf usually one or more horis cylinders anch 
a corresponding number of vert cylinders. Radial compressors are thosd having a 
series of oompresring dements arranged in' the same plane around the common crank 
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from which th^ are driven. STaaioBT-uNB coicpbbssobb are usually horis, of the center- 
crank type, with a common axis for cylinders and frame. Duruix ooi<piuibbob8 have 
two parallel sets of compressing elements, driven by individual cranks on a common crank¬ 
shaft. SiNGbB-ACTtNa coMPBBasoBB. Compresuon takes place on only one stroke per 
revolution in each compressing element. DouBin-AcriNO compbbbsobb. Compression 
takes place on both strokes per revolution in each compressing element. In watbb- 
ooouBD couPBsasoBS some of the heat of compressiou is removed by water circulated in 
Jacketed cylinders. The spraying of water directly into the air is now obsolete. In 
Axa-cooLBD coMPBBBSOBS Bome of the heat of compression is removed by air circulated 
over fins cast oh the cylinders. 

3. OPERATING DATA 

AppUeation of single- and molti-atage units. For pressures below 60 lb per sq in, a 
single-stage compressor is usually satisfactory. Efficient, water-cooled, ain^e-Btage units 
are built for pressures to 125 lb and in 
sixea to 100 hp. For larger rises, 

2-stage compressors are preferred for 
the usual 100-lb rating. Except in 
the smaller sixes, two-stage units are 
lower in power costs than ringle-stage, 
for pressures of 80 to 100 lb, which 
are normal at most mines and quar¬ 
ries. This is especially true at high 
altitudes. For starting Diesel enfpnes, 
air at 250 lb is required; since this is 
usually the only application for air at 
this pressure, small two4tage, air¬ 
cooled units are used. 

Advantages of stage compression: 

(a) leas hp required to compress a unit 
of lur (Fig 1); (5) lower final temp; 

(e) lower aver press on bearings and 
greater mech effic; (d> increased 
safety and ease of lubrication. With 
high final temp, part of lubricant 
IS destroyed, increasing wear on pis¬ 
ton and cylinder; (e) greater actual 
air delivery from same piston dis¬ 
placement. The final press in the 
low-press cyl is much lower than in 
rinid^tage work, and clearance air, 
when expanded to atmos press, occu¬ 
pies less space. Hence, the inflow 
through suction valves begins earlier 
in the stroke; (/) air delivered by a 
stage compressor is dryer than from 
a single cylinder. At constant press, the capacity of air for water vapor decreases 
with its temp, and in passing through the intercooler much of the original moisture in the 
air is precipitated; hence, less trouUe from condensation in delivery pipe. 

Air compression at sltitados above sea-level (1, 2). The primary effect of altitude is 
to reduce the hp per unit of vol delivered (Fig 2, 3), permitting larger air cylinders in 
2-etage machines. Volume^c effic of 2-Bta^ units is only sUghtly affected by altitude 
operation; for single-stage, there is actually a loss in volumetric effic, because of the 
greater vol of free air trapped in clearance spaces due to the higher compression ratios 
required for the same discharge pressure. As the reduction in hp per unit of volume at 
altitudes is smaller for sini^e-stage than for 2-stage units, cjdinder rises in the former are 
seldom changed. Although compressors deliver more sur for the same ■'hp at altitudes, 
air-operated equipment as rock drills, requires a greater voliune of air (Table 2). 

* Power required for compressors (2). The theoretical hp for single- and 2-stage com¬ 
pressors at searlevel is given in Table 1; for altitudes, see j^g 2, 3. Actual brake hp for 
both single- and 2-stage compressors is greater than the theoretical, by an amotint varying 
with the press, altitude, and siie and ^rpe of oompreasor; for 1(X) lb pre s s , it is nomully 
1.2 to 1.3 times the theoretical (Table 2). 




COMPBESSED AIR PRACTICE 


%Xh04: 

Tlieoretical adtabfttie hp required by » single-etace compreMor is oaleulftied by: 

n-x 

Hp - 0.0043638 [(^) " ” 

in wMob; V m vol of air delivered, in cu ft free air per min; Pi >■ sbs intake press, lb per 
sq in; Pt •* abs discharge press, lb per sq in; n « ratio of epedfio heats. Abadnte preas 
eqiuds cage press plus atmos press, both in lb per sq in. 



M 60 so 100 m i«o 
Ptscbaige prewore, lb per so to casfe 


Viz 2. Theoretical Horsepower required by Sinde-stage Air Comprewon (2) 

Assuming air containing 0.57% moisture by wmght (an aver for a temperate dimate), 
» m 1A347 and't^ frnmula becomes: 

Hp - 0.01542 FPi [(|j)* ***~ l] 

This fonmila applies to any number of comturwnkin stages, by tudng it foroach stage 
Individually -with t^ oorreet volumes and pressures; ■Md' tdklag the sinn of the horse 
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powers. The fomuta for the theoretical adiabatio power re<ioired jl:^ a 2-stsge oompreewr. 
assuming perfect interoooUng and equal division of work betwe^ the ejdinden, is: 

Hp - 0.03084 VPi Ugj - 1 

Capacity of reciproMtlng compressors (1, 2) is ususUy stated in tonns of piston dis¬ 
placement, which is the vol swept throu^ by the piston, expressed in cu ft per min. 



Actual delivered air capac is less than piston displacement, due to dearanoe, slippage and 
valve leakage. Ratio'of the vol of air ddivered, divided by piston displacement is the 
volumetric ^c. For sinide-etage otHopreasors the actual delivery is usuidly 65 to 75% of 
piston displacement; for 2-stage compressors the delivery is 75 to 90% of piston disjdace- 
ment. Capac of portable oohtpresMrs is usually given in terms of actual free air delivery. 
Fotinula for calculating piston displacement of compressors with single-acting cylindets hi} 

A X 5 X n X nan 
" 1728 
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T«lile 1. TtMorcIlMl Hp Requirtd at SM4«vet to Comiffon 100 es ft ^ Air ftom 
Atiaoo ProM (14.7 lb) to Voriono Gage Proosorea (baaed on n *> 1.3947} 


Diecharae 

preas, 

Ib gage 

Oiaeharge 

preea, 

lb 

abaolute 

Diaoharg^ 

preaa, 

atmoa 

abaolute 

Sibi^ or 
multi-atage 
oompreaaion, 
iaothermal 

Single^tage 

oompreaaion, 

adiabatic 

Two-etage 

oompreaaion, 

adiabatic 

Theo¬ 
retical 
_ inter¬ 
cooler 
gage 
press 

% of power 
saved by two- 
stage over 
singlle'etage 
adiabetie 
compression 

Theoretical hp per 100 cu ft per min 

5 

19.7 

1.34 

1.8 

2.0 

a « a a 

_^ 


10 

24.7 

1.68 

3.3 

3.6 

a a a a 

.... 


15 

29.7 

2.02 

4.5 

5.0 

a a a a 

.... 


20 

34.7 

2.36 

5.5 

6.2 

a a a a 



25 

39.7 

2.70 

6.4 

7.4 

a a . a* 

.... 


30 

44.7 

3.04 

7.1 

8.4 

.... 



35 

49.7 

3.38 

7.8 

9.3 

a a a a 



40 

54.7 

3.72 

8.4 

10.2 

a a a a 



45 

59.7 

4.06 

9.0 

11.0 

a a • a 



50 

64.7 

4.40 

9.5 

' 11.8 




55 

69.7 

4.74 

10.0 

12.6 

a a a a 



«0 

74.7 

5.08 

10.4 

13.3 

.... 

_ 


65 

79.7 

5.42 

10.8 

13.9 




70 

84.7 

5.76 

11.2 

14.6 

12.8 

20.6 

12.3 

75 

89.7 

6.10 

11.6 

15.2 

13.3 

21.6 

12.5 

80 

94.7 

6.44 

12.0 

15.7 

13,7 

22.7 

12.7 

85 

99.7 

6.78 

12.3 

16.3 

14.1 

23.6 

13.5 

90 

104.7 

7.12 

12.6 

16.9 

14.5 

24.5 

14.2 

95 

109.7 

7.46 

12.9 

17.4 

14.9 

25.5 

14.4 

100 

114.7 

7.80 

13.2 

17.9 

15.3 

26.3 

14.5 

no 

124.7 

8.48 

13.7 

18.9 

16.1 

28.1 

14.8 

120 

134.7 

9.16 

14.2 

19.8 

16.8 

29.8 

15.1 

130 

144.7 

9.84 

14.7 

20.7 

17:3 

31.5 

16.4 

140 

154.7 

10.52 

15.1 

21.5 

17.9 

32.9 

16.7, 

150 

164.7 

11.20 

15.5 

22.3 

18.5 

34.5 

17.1 

160 

174.7 

11.88 

15.8 

m m m ^ 

19.0 

36.1 


170 

184.7 

12.56 

16.2 

a a a • 

19.5 

37.3 


180 

194.7 

13.24 

16.6 

• a a a 

20.0 

38.8 

_ 

190 

204.7 

13.92 

16.9 


20.4 

40.1 


200 

214.7 

14.60 

17.2 


20.9 

41.4 

ease 


264.7 

18.00 

18.6 


22.7 

47.6 

a a a a 


314.7 

21.40 

19.7 


24.5 

53.4 

a s a a 

350 

364.7 

24.81 

20.6 


26.1 

58.5 

a a a a 


414.7 

28.21 

21.4 


27.4 

63.3 ■ 


450 

464.7 

31.61 

22.3 

• * • a 

28.6 

67.8 

• a • • 

500 

514.7 

35.01 

22.9 

• & • . 

29.6 

72.1 

a a a a 

550 

564.7 

38.41 

23.4 

a a a a 

30.6 

76.3 

a a ■ a 


614.7 

41.81 

23.9 

.... 

31.3 

80.5 

.... 


Table S. Approx Brake Hp Required at Aldtodea to Conpresa 100 cu ft Free Air Delivered 

per min* 


Altitude, ft 

Singles tags 

Two-stage ' 

Lb per sq in gage 

Lb per sq in gage 

60 

80 

100 

60 

80 

100 

125 

0 

16.3 

19.5 

22.1 

■la 

17.1 


21.3 

1 000 

16.1 

19.2 

21.7 


16.8 


20.9 

2 000 

15.9 

18.9 

21.3 

H aS 

16.5 


20.5 

3 000 

15.7 

• 18.6 

20.9 


16.1 

18.0 

20.0 

4 000 

15.4 

18.2 

20.6 

BSfl 

15.8 

17.7 

19.6 

5000 

15.2 

17.9 

20.3 

■ xfl 

15.5 

17.3 

19.2 

6000 

15.0 

17.6 

20.0 

13.3 

15.2 • 

17.0 

18.8 

7 000 

14.7 

17.3 

19.6 

13.0 

14.9 

16.6 

18.4 

8 000 

14.5 

17.1 

19.3 

12.7 

14.6 

16.2 

18.0 

9000 

14.3 

16.8 

18.9 

12.5 

14.3 

15.9 

17.6 

10000 

14.1 

16.5 

18,6 

12.3 

14.1 

15.6 

17.2 

12 000 

13.6 

15.9 

17,3 

11.8 

13.5 

15.0 

16.5 

14 000 

-il?. 

15.2 

17.2 

11.3 

12.9 

14.3 

15.7 


* Note: Brake hp variea oonaidtralibr with ahn and type of oomtveeaor. 
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iniirhiohPD •> piston displacern'ent, eu ft per min; A m pistbnaren.aqin; ■■ stroke, in; 
n M number of firert-stage pistons; rinn rev per min. With 4ouUe>actmg cylinders, 

P 2 ) A X g X n X rpm 
“ 874 

in which a reasonhble deduction is made for vol occupied by piston rod. Without this 
dedubtion, the divisor would be ^64. 

In calculating piston displacement, the first-stage cylinders only are considered, as 
all the air psesing through the firstnstage passes also .through ^e higher stages. 

Discharge temperatures (1). Table 3 gives the theoretical discharge temp of single and 2-stagw 
compressors. Variations occur in practice, due to water jacketing und radiation, tending to lower 
the temp at the higher pressures. Formulas for computing these temperatures (adiab compression) 
under conditions not shown in the taUes are: 

( p.\o.t8s 

, where T\, Tt •> intake and disoh temp, 

F deg abs; Pi, Pt abs intake and disoh press. 

For 2-stage compre ssors (assu ming perfect intercooling and equal division of work between the 
cylinders), Tt - Ti '\/(^)* *** 

Table 3. Theoretical Cylinder Temperatures at End of Stroke (based on adiabatic com¬ 
pression, n being 1.3947 with perfect intercooling, intake temp, 60° F and intake press, 

14.7 lb abs) 


Final press 

Final temp, deg F 

Final press 

Final temp, deg F 

Oago press, 
lb 

Abs press, 
lb 

Single-stage 

Two4tage 

Gage press, 
lb 

Abs press, 
lb 

Single-stage 

Two-e*age 

10 

24.7 

142 

miHi 

■H 

114.7 

470 

235 

20 

34.7 

203 



■EXfl 


244 

30 

44.7 

252 


■ iK 


KM 

251 

40 

54.7 

290 


K|K 

144.7 

531 

259 

50 

64.7 

331 

181 


154.7 

552 

266 

60 

74.7 

364 

194 


164.7 

570 

272 

70 

84.7 

394 

Km 


214.7 

651 

300 

80 

94.7 

421 

KM 

K?K 

264.7 

718 

323 

90 

104.7 

446 

227 

hki 





Transmission of compressed air is in wrought iron or steel pipe; " extra-heavy " 
pipe being used for high pressures such as for Diesel engine starting. For sixes and weights 
of pipe and fittings, see Sec 41. Fife joints are made by sleeve couplings, or by flanges 
into which the pipe ends are expanded or threaded. Sleeve couplings, suitable for all 
except very large axes, should be put on with white or red lead, especially where leaks tnay 
develop due to shifting ground. Gaskets are used for flange couplings: asbestos near 
receiver, fiber type elsewhere. Expansion joints are necessary on long lines. Welded 
pipe is widely us^, for its convenience and elimination of joints. 

Transmission losses in pipes (see also Sec 39, Art 2). The heat of compression is 
quickly lost in the first few hundred ft of air main, and can not economically be retained 
by non-conducting covering. 

Transmission line hints. Losses from leaky joints or unsound pipe often exceed all 
other transmission losses. Pipes should be inspected regularly to diminate waste of 
power. Pipe of too small diam reduces effective press by causing high velocity and undue 
friction (Table 4, 5). Veloc in mains should not exceed 20 to 25 ft per sec; in short 
branch pipes, it may be 40 or 50 ft. Pipe with rough interior causes excessive friction loss. 
Each length should be deaned of foreign substances before coupling. Lead forced into 
the pipe at couplings makes obstructive ridges. Surface mains should be protectdl, to 
avoid freeaing of the moisture and consequent obstruction. Tees, elbows,‘and other 
fittings cause friction and should be avoided wherever possible (Table 7). 

Friction loasea of preasure in pipe lines are important, and can be determined by the 
fonnula (E. C. Huris, BuU Univ of Mo, Vol 1, 1912): 

0.1025L0* 
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where:/ » proas drop, lb per M} in,!. ■> lengih of pipe, ft, r «■ ratio of oompr^on at pipe 
entrance, Q "vol of air flowing, cu ft p«r xnin, and d •" internal diatn of pipo, in. Table 5, 
6 are ba^ on this formula. Table 7 gives loss of press through hose, and friction loss 
through pipe fittings. Another formula for press loss is that of D’Arcy: 


where: F — cu ft compressed air delivered at final press; e ezperimentrii constant; 
d ■> diam pipe, in; £> » length pipe, ft; ‘tc wt in lb per cu ft of air at press pi; 
Pi, Ps ■* initial and final gage press. 

Graphic solution of D’Aroy’s formula (Fig 4). Find in 
left-hand margin the vol of compreesed air. Pass hori- 
sontidJy to diagonal line for length of pipe; project verti* 
oally to intersect the diagonal for initial gage prem, then 
horia to right to vert line of initial premurea. Using this 
point as a pivot, swing a straight-edge to out lines for sise 
of pipe and press drop. To find cu ft of compressed air 
delivered, divide vol of free air by the ratio of final abs 
press in the pipe to atmoe presa. Use of chart can be 
reversed to find max vol of air transmitted through a given 
pipe line. To have several branch linee equal in carrying 
oapao to a main line, the pipes should be to each other us 
the aq root of the fifth powers of their dhim. 


Ttbls 4L Vslues of c in IFArcy ■ 
Formnis 


Pipe, in 

C 

Pipe, in 

c 

1 

43.3 

7 

6n.3 

• 2 

52.6 

8 

60.7 

3 

56.5 

9 

61.0 

4 

56.0 

10 

61.2 

5 

59.0 

II 

61.6 

6 

59.6 

12 

62.0 



Fig 4. Graphie Solutimi of D’Arey’s Fm-mula (N. Hers) 
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Table 6. Piictton of Air in Pipes 

Divide the number ooneeponding to diam and vol by the ratio of oompreaBioii; result is loss in lb per 

sq in, in 1 000 ft of pipe 
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Table 6. Friction of Air in Pipes, at 80-lb Oase 

Loaa of preH, Ib per eq in per 1000 ft- of pipe 


Ca ft 
free 
air 
per 
mia 


Equira- 
llent ou ft| 
oom- 
preaeed 
air per 
milt 


Nominal diam, in 


i/a 


>/4 


I 


1 V4 1 Vj 


2Va 


31/a 


4 Vs 


10 
20 
30 
40 
50 
60 
70 
80 
90 
100 
125 
150 
175 
200 
250 
300 
350 
400 
450 
500 
600 
700 
BOO 
900 
1 000 


1 500 
2000 

2 500 

3 000 

3 500 
4000 

4 300 
5000 
6000 

7 000 

8 000 
9 000 

10 000 

11 000 

12 000 

13 000 

14 000 

15 000 
16000 
18 000 
20000 
22 000 
24 000 
26 000 
28 000 
30 000 


1.55 
3.10 
4.65 
6.20 
7.74 
9.29 
10.82 
12.40 
13.95 
15.5 

19.4 

23.2 

27.2 
31.0 

38.7 

46.5 

54.2 
62.0 

69.7 
77.4 
92,9 

108.2 

124.0 

139.5 

155. 


232 
310 
387 
465 
542 
620 
697 
774 
929 
1 082 
I 240 
I 395 
I 550 
•\ 710 

1 860 

2 020 
2 170 
2 320 
2 480 

2 79tf 

3 ioo 
3 410 

3 720 

4 030 
4 350 
4 650 


7.901 

31.4 

70.8 


I.2I 

4.72 

10.9 

19.5 

30.5 

43.8 

59.8 
78.2 


.34 

1.35 

3.05 

5.40 

8.45 

12.16 

16.6 

21.6 

27.4 

33.8 

46.2 

76.2 


.31 

.69 

1.25 

1.96 

2.82 

3.84 
5.03 
6.35 

7.85 
12.4' 

17.7 

24.8 
31.4 
49.0 
70.6 
96.0 


.31 

.56| 

.87! 

1.24 

1.70 

2.22 

2.82 

3.47 

5.45 

7.82 

10.6 

13.9 

21.7 

31.2 

42.5 

55.5 

70.2 

86.7 


.34 
.45 
.59 
.75i 
.93 
1.44 
2 08! 
2.87 
3,72 
5.82 
8.35 
11.4 

14.7 

18.7 

23.3 

33.4 

45.7 
59.3 

75.5 
93.2 


.36 

.56 

.81 

1.10 

1.44 

2.25 

3.24 
4.42 
5.76 

7.25 
9.0 

12.9 

17.6 

23.1 

29.2 
36.1 


.-♦51 
,70 
1.03 
1.39 
1.82 
2.29 
2.84 
4.08 
5.52 
7.15] 
9.17 
11.3 


.65| 

.84 

1.06 

1.32 

1.89 

2.58 

3.36 

4.26 

5.27 


.33 

.42 

.55j 

.67 

.96 

1.32 

1.72 

2.18 

2.68 


21/2 


31/2 


41/2 


10 


81.7 


25.5 

45.3 

70.9 


11.8 

21.0 

32.9 

47.4 

64.5 
84.1 


6.0 

10.7 

16.8 
24.2 

32.8 
43.0 

54.8 

67.4 

96.5 


3.32 

5.9 

9.2 

13.2 

17.8 
23.4 

29.8 
36.7 
53.0 

72.1 

94.2 


1.83 
3.30 
5.1 
7.3 
10.1 
13.0 
16.4 
20.3 

29.2 
39 8 
52.1 
65.8 

81.3 


.69| 

1.21 

1.91 

2.74] 

3.70 

4.87 

6.15 

7.65 

11.0 

14.8 

19.5 

24.7 

30.5 

36.8 

43.8 

51.7 

60.2 

68.5 

78.2 

98.8 


.29 

.45 

.64 

.85 

1.14 
1.44 

1.78 

2.57 
3.50 

4.57 

5.78 

7.15 
8.61 

10.3 

12.0 

14.0 

16.0 

18.2 

23.0 

28.6 

34.5 

41.0 

48.2 
55.9 

64.2 


.19 

.26 

.34 

.43 

.53 

.77 

1.06 

1.36 

1.74 

2.14 

2.60 

3.08 

3.62 

4.20 

4.82 

5.48 

6.95 

8.55 

10.4 

12.3 

14.4 
16.8 
19,3 


.30 

.53 

.72 

.95 

1.19 

1.48 


12 


.21 
.29 
.40 
.56 
.69 
.84 
1.01 
1.19 
1.40 
1.63 
1.86 
2.13 
2.70 
3.33 
4.04 
4.69 
5.65 

6.5 

7.5 
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Tabbi t. Ftictloa of Air in Hpoo —Cantuuud 
At 100-lb Ooge 
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Tabl 0 •. Metlon of Air in Pipoo —Canduded 
At iSS-lb Oogo 
















































OPERATING DATA 


16-13 


Table 7. Preesore Of Air ta Hoee 

(Cornet fer boM lAth nnootii inaide lininc. Rou^ inside lining majr Moae 00% greeter lose 

then the figures i^ven) 


Sise of 
hoM 

Gage 

press 

at 

pipe 

line 

‘ Cu ft free air per min through 50-ft lengths 

m 

30 

40 

50 

60 

70 

80 

90 

100 

no 

120 

130 

IQ 

150 

Lose of prase, lb per sq in, 50^t hose length 

_ ! _ * 

W 

50 

1.8 

m 

10.1 

18.1 












60 

1.3 

nn 

8.4 

14.8 

23.4 











70 

1.0 

3.4 

7.0 

12.4 

20.0 

28.4 










80 

.9 

2.8 

6.0 

mfi 

17.4 

25.2 

34.6 








at 

90 

.8 

2.4 

5.4 

9.5 

14.8 

FTTil 


rnn 








100 

.7 

2.3 

4.8 

8.4 

13.3 

19.3 

27.2 

36.6 







end 

no 

;6 

2.0 

4.3 

7.6 

12.0 

17.6 

24.6 

33.3 

44.5 

. 

. 




Va 

50 

.4 

.8 

1.5 

2.4 

3.5 

4.4 

6.5 

8.5 

n.4 

14.2 





with 

CQllD* 

60 

.3 

.6 

1.2 

1.9 

2.8 

3.8 

5.2 

6.8 

8.6 

n .2 





70 

.2 

.5 

.9 

1.5 

2.3 

3.2 

4.2 

5.5 

7.0 

8.8 

11.0 




lillffl 

SO 

.2 

.5 

.8 

1.3 

1.9 

2.8 

3.6 

4.7 

5.8 

7.2 

8.8 

10.6 



ftt 


.2 

.4 

.7 

l.l 

1.6 

2.3 

3.1 

m 

m 

6.2 

7.5 

Bl 



each 

100 

.2 

.4 

.6 

■Kl 

1.4 

2.0 

2.7 

3.5 

4.4 

5.4 

6.6 

Ira 

9.4 

11.1 

end 

no 

. 1 

.3 

.5 

.9 

1.3 

1.8 

2.4 

3.1 

3.9 

4.9 

5.9 

7.1 

8.4 

9.9 

1" 

50 

. 1 

.2 

.3 

.5 

.8 

l.l 

1.5 

2.0 

2.6 

3.5 

4.8 

7.0 



with 

60 

.1 

.2 

.3 

.4 

.6 

.8 

1.2 

1.5 

2.0 

2.6 

3.3 

4.2 

5.5 

7.2 

OOUIK 

ml 


.1 

.2 

.4 

.5 

.7 

IB] 

I.S 

1.6 

IJQ 

2.5 

3.1 

3.8 

4.7 

Ungs 

kI 


.1 

.2 

.3 

.5 

.7 

bI 

l.l 

1.4 

tal 

KSl 

2.4 

2.7 

3.5 

at 

90 


. 1 

.2 

.3 

.4 

.6 

mi 

.9 

1.2 

Bl 

1.7 

2.0 

2.4 

2.8 

each 

100 


.1 

.2 

.2 

.4 

.5 

ml 

.8 

1.0 

Ira 

1.5 

1.8 

2.1 

2.4 

end 

no 


. 1 

.2 

.2 

.3 

.4 

■1 

.7 

.9 

l.l 

1.3 

1.5 

1.8 

2.1 

1 Vs" 

50 



. 1 

.2 

,2 

.3 

.4 

.5 

,7 

l.l 





with 

60 




. 1 

.2 

.3 

.3 

.5 

.6 

.8 

nri 

1.2 

1.5 


coup* 

70 




. 1 

.2 

.2 

.3 

.4 

.4 

.5 

.7 

.8 

1.0 

1.3 

lings 






. 1 

.2 

.2 

.3 

.4 

.5 

.6 

.7 

.8 

1.0 

at 






. 1 

.2 

.2 

.3 

.3 

.4 

.5 

.6 

.7 

.8 

each 

100 






. 1 

.2 

.2 

.3 

.4 

.4 

.5 

.6 

.7 

end 

no 






.1 

.2 

.2 

.3 

.3 

.4 

.5 

.5 

.6 

1 l/a" 

50 






.1 

'.2 

.2 

.2 

.3 

,3 

.4 

.5 

.6 

wi^ 

60 







.1 

,2 

.2 

.2 

.3 

.3 

.4 

,5 

coup- 

70 








.! 

.2 

.2 

.2 

.3 

.3 

.4 

lings 

80 








. 1 

mn 

.2 

.2 

.3 

.4 

si 

90 










H 

.2 

.2 

.2 

.3 

each 

too 










M 

.1 

.2 

.2 

.2 

end 

no 



. 


.... 






. 1 

.2 

.2 

.2 


For longer or shorter lengths, friction loss is proportional to the length for 35 ft, 1/j of the above; 
for 160 ft, times the above, etc. 
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Table 8. Friction Loesee in Serow Pipe Fitting (Lom siven in aquiv iangth of Bteeickt pipe) 


Nom¬ 
inal 
pipe 
diam, in 

Actual 

inside 

diam, 

in 

Gate 

valve 

Eong- 

radiuB dl, or 
on standard 
■ tee 

Medinm- 
rediuB dl. 
or on tee re¬ 
duced in sise 
25% 

Standard dl, 
or on tee re¬ 
duced in sise 
50% 

Angle 

valve 

Cloee 

return 

bend 

Tee 

through 

dde 

outlet 

Globe 

valve 

Rhsistanoe factor 
for type of fitting 

m 

0.33 

0,42 

0.67 

m 

Bi 

1.33 

2.00 

V* 

0.622 

0.31 

mrwm 

0.52 

0.84 

1.1 

1.3 

1,7 

2.5 

«/4 

0.824 

0.44 


0.73 

1.2 

1.6 

1.8 

2.3 

3.5 

1 

1.049 

0.57 


0.98 

1.6 

2.1 

2.3 

3.1 

4.7 

1 V4 

1.380 

0.82 

1.1 

1.4 

2.2 

2.9 

3.3 

4.4 

6.5 

11/2 

1.610 

0.98 

1.3 

1.6 

2.6 

3.5 

3.9 

5.2 

7.8 

2 

2.067 

1.3 

1.7- 

2.2 

3.6 

4.8 

5,3 

7.1 

10.6 

2V2 

2.469 

1.6 


2.8 

4.4 

5.9 

6.6 

8.7 

13.1 

3 

3.068 

2.1 



5.7 

7.7 

8.5 

11.4 

17.1 

4 

4.026 

3.0 

BIS 

^hB 

7.9 

10.7 

11.8 

15.8 

23.7 

5 

5.047 

3.9 

BoH 


10.4 

13.9 

15.5 


31.0 

6 

«.06S 

4.8 


8.1 

12.9 

17.4 

19.3 

25:6 

38.5 

8 

7.981 

6.7 

8.9 

11.2 

17.9 

24.1 

26.8 

35.6 

53.8 

10 

10.020 

8.8 

11.5 

14.7 

23.4 

31.5 

35.0 

46.6 

70.0 

12 

12.000 

10.9 

14.4 

18.4 

.29.3 

39.3 

43.7 

58.1 

87.4 


Based on Foster’s formula: L ^ 43.7 X r X dU*,in whioh L *■ equivalent lencth straight pipe. 
* -i resiatanoe factor, d diam of fitting, ft (2Vans A 6 M £, Vol 42, p 648 (1820). 


Table 9. Relative Carr^ring Capacitiea of Pipee 
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4 . SBClFltOCATINO COMPRESSORS 

Staua-driTeit comprMMrt are used where steam'power is a}ost economical; as at 
wn<Ti«i, or where fuel oil or gas is available at low cost, or where steam mvgt be provided 
for other They are built in capacities from to 8 000 cu ft per min (Big 6). 



Fig 6. Snwll Air-oooled ComprsMOT 
Direot-eonneeted Motor (Ingenall-Raad} 


Kg 7. Ingersoll'-Band Comiwessor, Diieot- 
. eonnected vdtb Diseei Enipns 


Direct-colUlimd, rtectrie-drlven eomprasaors are used where tiectnc power 
and where the value of compaotnese, high 

corr ec tion capa^ty of ssmcluxmow mo tors offs ets the alighfiy higher prst cost df this type 

jAiJlutdixwB fubtic L i tl K f ■’ 
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COMPRESSED AIR PRACTICE 


Capaeities, from 80 to 16 000 on ft per min. air-cooled unite (Tig 6) are avail* 

aWe in eapadtiea to 460 eu ft ji^ min. 

Dtesel engine- and gaa-engine-drjven eompreaeora are alao built as jdlrect-conneeted 
machines (Tig 7). They 'wie most used in petroleum production, but are suitable for 
metal mines where fudi oil or gas is cheap. 

Direct-connected compressors are two forms: (a) horisontal, with the power cylinder 
on one end of the fraime and the air cylinder on the other, the connecting r^ acting on a 



Fig 8. Sullivan Compressor, Direet-conneoted to Engine ' 


common crankshaft; (b) vertical, with power cylinders in a vertical or V-arrangement, 
and the compressor cylinders in a horia plane, the connecting rods acting on a common 
crankshaft. Type (b), lighter in weight and more compact, is biiilt in capacities to 4 000 
cu ft per min, at 100 lb discharge pressure. Direct-connected compressors may also be 
driven by an impulse water wheel, mounted on the crankshaft (now obsolete). 

Direct-coupled compressors (Fig 8) are largely used where the driving unit can be 
economically operated at normal compressor speeds, as for portable or mine-car types, 
«Lnrf small motor-driven or mediiim size Dies^-driven compressors. Capacities vary with 
the kind of driver. 

Portable compressors (Fig 9, 10) are well suited to contract work, and exploration or 
operation of small mines; driven by gasolene engine, fuel oil (Diesel) engine, or elec motor. 





Fig 9. PortaUe Compressor 


I%ey are mounted on skids, steel wheels, solid rubber or pneumatic-tired wheels, on 
trucks. Units with flanged wheels, or crawler-type trrads, are used for tie tamping on 
railroads. , Most makers offer 2-stage, air-cooled machines; some, water-cotfled machines. 
Portable oompressors are rated in actual sir deliveries and the sisSs are quite well standwd- 
iaed at 60, 86, 160, 210 and 316 ou ft per min. Water-cooled units of about 420 ou ft 
capac are also built. 

Mine-car sompreeaore are designed for electrically-operated mines Jtor local supply 
compreesbd iit undergrouiui, thus ditninating loi^ pipe lines. They Me equipped with 
standard motors, or, for gasepus mince, with explosion-iHroof motors and control approved 
by the-Ufl Brir of Mi.neo. . Theee compressors are air-<x>oled. usually, coupled directly to 
motM, moun|(^ on a frame having flutgt^ wheels to run on mipe ti^k. Overall 
heiidit above tin rai£ii js 62 in^r Jeea, depending oh atae and m^a; ciqmetttea, to about 
170 cu ft per min (Tig 10). 
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B«U-4iiTeii comj^Atwn, wid^ used for stationaty plants, are. built in many foims 
and sues. Most of them are driven by multiple V-type belts in grooved pulley sheaves, 
or by short, fiat belt with idler, or short belt with driver on pivoted base, or long-belt 
drive (Fig 11). Long-belt drive, because of space required, is now UtUe u^. Any of 



Fig 10. Sullivan Mine-car Compreuor 

the 3 types of short-belt drives give good results if properly installed. Capacities: 4 to 
1 460 cu ft per min; sises from 4 to 70 cu ft are almost always air-cooled; those from 
70 to 450 cu ft are Cither air- or water-cooled; largto sises, water-cooled. 

Chain-driven compressors are rarely used, because the reciprocating motion introduces severe 
service and design problems for the chain manufacturer, and usually requires spring-loaded sprockets. 
Where supplied, they are generally the same as for belt drive, but have sprockets instead of pulleys. 



Fig 11. Worthington Belt-driven Single-stage Compressor 


Air valves for redproeating eomprenors (1, 2, 5). Practically all discharge and inlet 
valves on present-day reciprocating compressors are of the plate type; other forms, as 
poppet, Corliss and piston-inlet, are found only on older machines. Poppet valves are 
controlled by a coil spring. Their weight is a disadvantage, and they are now little used, 
except in third- or fourth-stage cylinders of some multi-stage compressors. 



Fig 12. Ingeradl-Rand "Channd . Ilg 13. Plate Valve 

Iniirt " Plate Valve 

Plate vdvee (Fig 12,13) consist of a seat or grid, having rectangular or annular pwm, 
upon which the vam seats; also a elodng spring and a stop plate. The valve, of thin, 
Ui^t-weight alloy eted, is compoeed of annular riugs, rectmgular stripe, or disks. The 
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aprincB may be eeiMurate <ai>i»l-«cAed, flat-coiled, flat-rolute, flat-aabulart flat>«tdp), or 
form a part of the valve itaelf. The atop- or cuahion-plate limita the valve’s Uft. A OuA- 
ioning device, often provided,’'tuually consists of an air q;>ace in the stop-plate, a spring 
stop-plate, or means for trapping air betwew spring and valve. Fig 14, 15 diow other 
forms. The vidve li/t is from .03 to .28 in, depending on sise and type; valve arm, for 
both inlet and discharge, from 12 to 20% of piston area. 

Advantages of plate '•ralves: simplicity, minimising of inertia by their light weight, 
large valve area, prompt opening and closing, and more effective water jacketing is 
permitted. 

Governors, regulators and onloaders for reciprocating compressors (1). Th«e are 
three methods of controlling the output: (a) by varying the speed; (5) by varying the 
output at constant speed; (c) by automatic^ly starting and stopping the compressor at 


predetermined pressure limits; (d) a combination 
of (a) and (b) is sometimes used. Appucations: 
method (a) to .steam and internal-combustion 
engines, ^e speed of which is easily varied; (b) 
to belt- and riectric motor-driven units running 
at constant speed; (c) is common for moderate 
capacity compressors, where the demand for 
air is intermittent; (d) is used where method 
(a) does not give the required range of control. 
Nearly all governors and regulators are con¬ 
trolled by variations of air prrasure. 




Fi«14. Worthington “Feather" Valve Fig 16. Sullivan “Wafer” Valve 


Regulators for steam-driven compressors. Automatic cut-opf oovkrnobs, used on 
several makes, vuy the cut-off point of the steam, thus changing the speed. They are 
actuated by both speed and air pressure, thus securing proper spyeed for a given capac and 
maintaining the most economical steam cut-off for each sp^. Dibbct tbbottunq 



Fig 16. Inlet-valve Unlqader and Pilot Valve 
(Chicago Pneumatic Tool Co) 


aovxBNOBsare also controlled by 
air pressure and speed, throttling 
the steam at point of inlet. Cut-off 
is adjusted by hand. This method 
gives poorer steam economy than 
the automatic cut-off governors. 

Cjlinder unloaders, for con¬ 
stant-speed compressors (see 
method b above). 

Inlet-valve unloader holds the 
valve open by a fingered yoke, 
thereby allowing the air to move 
in and out of the cylinder without 
compression. This unloader is 
UBuidly operated by air pressure, 
controlled by a pilot valve. On 
duplex compressors, partial unload¬ 
ing is ob^ned by opening the 
inlet valves in only end of the 
cylinders (Fig 16). 

Clearance unloadera oonsast of 
deacanoe pockets at each end of a 
doaUe-aeting cylinder. The pock¬ 
ets are connected with the oyhnder 


by valves. As the pocket voliuhe is added to the normal cylinder dcaranoe, the amount 
of new wr taken into the cylinder ia reduced by that amount. By providing miough 
clearance pockets, an unlimited range of capacity is obtainable. In practice, there are 
4 pockets fn each cylinder, which are opened in pairsto uunue balanced operaticm. On a 
duplex compressor this provides five-step oonteol; 0, 1/4* */f» •/i and full:(^Ig 17). The 
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dearanoe valves ate operated by air pressure, oontroUed by airK>perated pilots or by pres* 
sare-<^>erated solenoid switches. 

LOW PRESSURE CARDS HIGH PRESSURE CARDS 



ODC'llalf Load-SOX Capacity: S3 to 6SS> Xndicoted Bp 



One-Quarter Zrf>ad-2Sa Capocity: 27 to 20a Indicated Hp 


No Load-OjC Capacity; 8 to Sit Indicated Hp 

Ilf 17. Indieator Cards, showing Operation of lngeraoU~Rand 6-etep Clearaape Control 

Inlet pldC wnloader, used on some compressors of moderate capacity, consists of a valve 
which closes the compressor intake passage. It is pressure-operated by means of a small 
pilot vidve (Fig 18). 

Centrifugal unloade^Jis an auxiliary 
uaed on some compressors having auto¬ 
matic start- and stop-control, so that 
the motor can come up to speed before 
compression begins. A small flyball 
governor opens a line to the high-press 
cylinder and exhausts it to atmosphere 
when the compressor stops; when the 
compressor is started, it doses this line 
only after operating qwed is reached. 

Speed governors are of the regula¬ 
tion flyball type, the compressor oyUn- 
dera being unloaded by one of the 
methods already described. Throttling 
regulators can be employed to slow 
down the compressor when unloaded. 

This method is often applied to portable compressors driven by gasolene or oU engines. 

Intercoolers cool the air in its passage between stages of a multi-stage compressor. 
Since cooling of compressed air reduces its vdume, air is handled by the hi|^-press 
cyl, and, proper dwling at this point largely determines the effic of stage oomprei^on. 
In good practice the air is cooled in the intercooler to within 20** F of the intake temp. 
Fig 19 shows a common type of intercooler; a shell containing horii finned " tubes, 
through which water circulates, baffle plates distributing the air around and between the 
tubes. Id aiBrCooicn oodranssons, the compressed air passes throu^ the interoocfler 
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tubes, tbe fins condutiting the heat to the atmospheric air Uown over them by a fan. 
Intercooler press is a good gage for detecting trouble in the compressor cylinders. The 
correct abs intercooler press is roughly equal to abs intake press X cylinder ratio. Cylin¬ 
der ratio is the displacement of low-press cyl or oyUnders, divided by displacement of the 



Plscbsiye 

Antomstle Float Valve 
bu; Ooudensate Drain 


Fig 19. Intercooler (Ingersoll-Rand) 


high-press cyl. On 100 lb, 2-stage, sea-level compressors, the intercooler press is usually 
27-29 lb gage. 


5. POSITIVE PRESSUEE Ain> ROTARY BLOWERS 

Positive pressare Mowers work on the principle of rotary pump; lobed impellers mesh with each 
other like gear teeth, and, revolving within a easing, sweep the air before them. 

Between easing and impellen, and between the impeUers themselves, are clearance spaces 
through which some compressed air leaks back. This leakage (slip) ia constant with speed of the 
blower, but varies with square foot of the press. Slip is measured by the number of revolutions 
required to offset it, and it about 20%. Capac is stated in terms of displaeemsnt per rpm, and deliv¬ 
ery equals displacement times rotative speed, minua slip. Omitting slippage, 5-10% should cover 
all losses. Intake ports being large, the entering air is not heated; hence, a good vol effic, which, 
based upon^power intake, ia 60-85%. Rotative speeds range from 600 in the smaller, to 100 rpm 

in the larger blowers. They are not wall suited 
to variable delivery, nor to presaores above 10 
to 12 lb gage. 

Rotary blowera and liqMd-aeal Mewera are 
of tbe puaitive-preaa type, operating at com¬ 
paratively high speeds. At present, they are 
used chiefly for very amall vacuum pumps 
and oompresson having little use in the 
mining Add. 


6. TURBO BLOWERS AND 
COMPRESSORS (1, 2 , 10 ) 

These operate by the centrifugal ac¬ 
tion of impellen rotating within a casing 
like a centrifugal pump. They have 1 to 
15 stages, dependmg on the press, each 
consisting of a separate impeller fc^owed 
1^ a diffuser and suitaUe return passage 
(Fig 20, 21). Advamtaobs: Simplicity, 
economy of space and foundation, freedom 
from vibration, non-pulsatang dimhari^, 
uniform press with wide variations in 
capao, light weight, feirmeohamcal parts 
and oil-b^ diec^uge. 

Typea and appUeatioas. Motor<driveii sita^endago tu*'bo bl<nren mi^r supply air for 
mine vdotilation, flotation, converten, or scavenging: also for cylindaw of 2K!yoki Diesel 
engines and supercharging them. They have capacities of 300-40 000 ou ft per min for 



8ingle<stiige, 8iiigle'<stage, 

«ngle-lnlct Doublcdnlct 

Fig 2Q. Single-stage Centeifugal Blowers 
(unoooled) 
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pressures of */4 3 smaller uses, impellers may be mounted directly on the 

motor dialt. Steam turbine-driven units are also built. Small, midtj-stage Uowers for 



pressures of 1-6 lb are made in sizes from 300 to 3 000 cu ft per min. Larger units, having 
3-5 stages, as used for copp>er converter work, are available for pressures of 10-25 lb, in 
sizes to 30 000 cu ft per min, or higher. 



Cubic feet per minute at Inlet conditions 


[lig 22. Characteristio Curve of Constantepeed Blower 

Multi-stage blowers or turbo compressors for higher' pressures can be obtained in 
capacities of 3 000 to 70 000 ou ft per min. In general, turbo-compressors for 100 lb press, 
as required in mine service, are practical as to first cost only in capacities above 5 000 cu ft 
per min. , . , 

Turbo utaitd are regulated by constant pressure, constant volume, constant intake- 
pressure, or constant air-weight methods, as required by local conditions (F^ 22, 23). 
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The Flia-Hon mizte (12), Manitoba, of Hndaoa Bay Mining and Smetting Co. ugea a 20 000 eu ft 
par min turbo blower, which deUven air at 16 lb preaa for the eopper eonverter. X^eaniUo Minea 
have in eervice a 12 000 eu ft per min, Outage turbo oompreeeor, operating at Off lb gage preea, and 
capable of 20% overload. It weight 6 lb per ou ft per min of oapadty (17). 


M 



0 2000 4000 0000 8000 10000 12000 

Cubic feet per minute at inlet conditions 


Fig 23. Characteristic Curves of Variable-speed Blower 


7. HYDRAULIC AIR COMPRESSORS (1,5) 

These are of two types: (a) driven by water wheels (see Art 4); (b) operating by direct 
action of falling wator. 

Compression by direct action of falling water. Principle: If a stream of water be allowed to fall 
in a verbal pipe, any air entrained and mixed with the water on beginning its downward motion is 
compressed by weight of the water. Then, if the direction of flow be suddenly changed to the horis, 
and the velocity lessened, the air will be liberated, and may be collected in a suitable container or 
separating obamber. 

This method is most auitable for compressing large volumes of air, and is naturally limited to 
looalitiea where the neoaaeary quantity and fall of water are available. Air thus oompreeeed has about 
3% leas oxygen than atmoaphmie air. A number of inatallations have been made, the first one at 
Magog, Quebec, in 1896 (1). Local circumstances will determine the method’s fearibility. The 
alternative of using the water to generate electric power for driving reciprocating oompreasora 
should be oonsidered. 

8. COMPRESSOR ACCESSORIES 

Aftereoolcn (Fig 24) cool the ur after compression, and hence deposit moisture between 
compressor and delivery pipe. 

This is important, as moisture carried through the pipe lines to machine drills 

or other tools washes out lubricant 
and causes wear, freesing and water 
hammer; also, without aftercooling, 
pipe lines alternately contract and 
expand, developing leaks. A 2 000> 
cu ft per min compressor, running 
at capacity for 8 hr on intake air at 
82" F and 75% humidity, will take 
in 1 200 lb of vmter vaimr with the 
air (Fig 25). Condensed, this amounts 
to 3 bU of water (43). ^me moisture 
can also be removed by inpe-line 
separators, placed near the point of 
air usage 26). 

. Air receivers act as storage ea- 

Fig 24 . Ingersoll-Rand Horis Aftercooler parity during intervals when the 

demand exceeds the compressor out¬ 
put, and also help to eiiminato' pulsations in the discharge line. Some moisture is 
condensed from the air in passing through the receiver (Fig .27). Receiver siseihi^ be 
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14,7 Vi 

roughly found by the formula Fj « ^ » where Fj vol of receiver, cu ft; 

Ft displacement of compressor, cu ft per min; and Pj — dischsri$e press, lb per sq in. 
TUs gives the approx minimum sise; a larger receiver is preferable (2). 

FmiimIb mdUtoM 



The Anglo American Mining Corp, So Africa, xues a 10 QOOmsu ft per min compressor to supply 
dehumidified air underground. Compression is in 3 stages to 130 lb, and air is then expanded in a 
motor cylinder to freezing point at about 90 lb per sq in. This devaporises the air, whiqb lowers the 
mine temp, and reduces the volume of ventilating air required (23, 24, 2S). 



Kg 26. Pipe-line Typo of Aftercooler 

9. CARE AND OPERATION OF COMPRESSOR PLANTS 

Installation layout (Fig 27). The compressor should be in a clean, light nxnn, with 
ample space for making repairs, removing pistons, rods and intercooler tube nests; also 
for cleaning and inspection. The compressor intake must not bo near any source of heat, 
as pipes discharging exhaust steam, nor exposed to water, dust, or other waste that can 
be blown by the wind into the range of intake suction Concrete foundatfons are always 
preferable, though brick, or atone can be used if more convenient. 

Lubrication is vitally important for proper operation and life of the compressor, but 
must not be excessive. Oil aoecificstions and instructions of compressor makers should 
always be followed (2, 21). Cba.nkca.se. Good quality lubricating oil does not wear out. 
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and may be re-used in tiie drculatiug system when treated l^y efficient Siting. CruimaBS. 
Inlet imd discharge valves should be removed occasionally and cleaned; by 
them it can be determined whetl^cr the cylinder is receiving proper lubrication. All 
wearing surfaces should show a greasy appearance; not dry. Oil shoiild not accumulate 



in valve pockets or bottom of air cylinder. Table 10, 11 give specifications for suitable 
lubricants and Table 12, normal quantity of oil. 

Intake air and piping. 'Wherever possible, the intake duct should be run to outside 
of Ute builffing, preferably on the north or coolest side, as the aver outdoor temp is con- 
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ndenUy bdbw tlwt(rf'dieeni^roo(BU Irreapeetiveof theoutiidetemp, iJMoampreBMd 
sir in s shop* pipe-line will be near the temp of the shop when it reschm the tools. If 
the indoor temp is 70®F, and the « . 

conipf6B8or tftk 0 s in 1000 cu ft froo TeM# Ue Ait*cylind 0 r Oil Rd^uirod p«r 10 hf (2) 
air (tireotly from the shop, it will 
deliirer the same v(^ at the tods, 
because initial and final tempera¬ 
tures are the same. If the com¬ 
pressor intake ur comes from out¬ 
doors, at 40® F, only 043 cu It of 
free air will be required to delivw 
1 000 cu ft at the indoor temp, a 
saving of 6.7%. The cooler the 
dimste, the more pronotinced the 
effect (Table 13). 

If the compressor intake air 
comes from an eng^e room at 
100® F, 1 067 cu ft free air will be 
required to deliver 1 000 cu ft at 
the indoor temp of 70® F. A case 
is recorded where, without a cold- 
air intake dhct, 1 600 000 cu ft of 
free air delivered was costing $43.96 
per day. After installing a duct 

from outside, the cost dropped to $40.42, an annual saving of $1 062 (43). Such 
savings are obtainable at the small expense of the intake duct. 


Cyl 

diam, 

in 

‘ Piston 
displacement 
cu ft 

Rubbing 
surface, 
eq ft - 

Oil feed 

Drope 
per min 

Pints 

per 

10 hr 

Up to 6 

Up to 65 

Up to 590 

1 

0.05 

6-8 

65-125 

500-750 

1 

0.08 

8-10 

125-225 

750-1 100 

1 

0.11 

10-12 

225-350 

1 IDO-I 500 

1-2 

0.14 

12-15 

350-600 

1 500-2 000 

2-3 

0.20 

15-18 

600-1 000 

2 000-2 600 

3-4 

0,27 

18-24 

1 000-1 800 

2 600-3 600 

4-5 

0.36 

24-50 

1 800-5 000 

3 600-4 800 

5-6 

0.48 

50-36 

3 000-4 500 

4 800-6 000 

6-8 

0.60 

56-42 

4 500-6 500 

6 000-7 500 

O-IO 

0.74 

42-48 

6 500-9 000 

7 500-9 000 

10-12 

0.90 


Above figures are for 1 cyl only; for duplex or com¬ 
pound oomptMaora, both eyls must be considered; baaed 
on approx 8000 dropa per pint, at 76® F. 


Table 13. Effect of Intake Temperature on Compressor Capacity (intake vol required to 

produce 1 000 cu ft free air at 70® F) 


Temp of 
intake, ®F 

Relative intake 
vol required, 
cu ft 

% hp saved 

Temp of 
intake, ”F 

Relative intake 
vol required, 
cu ft 

% bpaaved 

30 

925 


80 

1 019 

-1.9 

40 

943 


90 

1 038 

-3.8 


962 


100 

1 057 

-5.7 


981 

1.9 

no 

1 076 

-7.6 


1000 

0.0 

120 

1 095 

-9,5 


The intake for a single compressor should have an area of at least 26% of area of air 
piston. For a multiple installation, care should be taken to provide a duct of sufficient 
mse. Ares of intake duct at the compressor nearest the air source shoTild equal ^e sum 
of the areas of ^ the individual intake pipes; but the area of the main duct can 
be decreased after each branch to a compressor. 

Air filters (2) on each intake duct are highly advisaUe. Tests show that they return 
30% or more on the investment by increasing life and redudng maintenance. There are 
several kinds. In tiie AnHBSivB impinoisment type (Fig 29), air is drawn in against 
baffles of metal, crimped wire,- or glass-wool coated with a viscous substance. Metal 
filters are cleaned at intervals; the glass-wool, replaced. Rsplacbubnt rivTsaa are 
pre-coated with a suitable solution. After cleaning they are dipped in an oil adhenve. 
For large installations, automatic filters are u^. in which the filter elements are 
constantly moving and passing through oil carried in the base (Fig 30). Oil-bath filters 
(Fig 31) are of the adhesive impingement type, but the filter element is partiaUy immersed 
in oil.’ Capillary attraction and action of the intake air keep the elements properly 
coated. In fabric filters, the sir passes through filter cloths, cleaned a reverse air 
flow, or a vmuium cleaner, or may be dry cleaned. 

From I to 4 lb of dirt are taken into a 2 000-cu ft per min compressor, operating 10 br a day for 
10 days (26). The aver dost intake of a 1 000-cu ft compressor is 771/2 lb per year (44). 

Without a filter, valves on a 6 000-cu ft per min compressor requir^ cleaning every 2 weeks; 
after installiag a filter, the valves were clean^ every 6 months (26). 

On a large eompressor, filters effected an annual saving of $2 228,.or a return of 69.9% on filter 
coot. In a idant it S sn^ compressors, filters effected a yeariy saving in maintenance equal to 
62.8% on coot of the filters (26).. 

Bsplosiofig in compreasors and raceivera (1, 32). CACSBa: excessively high internal 
preaa, due leas to the air preas carried than to ignition, in compressor, pipuig, or reoaiviar, of 
TI—-2 
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all eJEploaive mixture of air and oas from lubricant. The underlying oauaea are: (a) exceeoiva 
and ^proper lubrication, tetmlting in coating receiver, intercooler and air passagea with 
gummy deposits of partly dried oil and dust; (b) Upiltion and volatilisation of these deposits 
by unusual temp, due to broken or leaky valves. LuBsucaTioN should be in accordance 
with compressor builders* or oil companies' spedficstions. All oils give off combustible 



ng 28. lypioal Compresaor Air Cylmder Slg 29. Metal Adhesive Impingement 

Air Filter 

gases when heated. The lowest temp at which this begins is the FI.A.SH point, the ignition 
temp being the bubnino point. As ordinary lubricating oils flash at about 2S0** F (a temp 
below the usual working temp of compressors^, special Biaa-Fi.A.BH cylinder oils should be 
used (see Table 10, 11). 

Temp due to compression depends upon initial temp, working press, and effic of the 
coolmg devices (Art 8). A angle-stage compressor, working at 100 lb, has a normal dis¬ 
charge temp of less than i70^ F; a 100 lb 
2-8tBge compressor at 100 lb, about 235" F 
(Table 3, Art 3). With leaky exhaust valves, 
the temp may be materially higher (1). 

Precautions for avoiding high temp: (a) 
the compressor should be adapted to the con- 


Fig 30. “Auiomatio" Filter Air Fig 31. Qil-bath Imiflngsment Air Filter 

ditions; (b) intake pipe covered by insulating material, aud air taken from as cool a place 
M possibla, outside of ^ engine room; a lowering of 5" F may increase effic by 1%; 
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(e) tialoader ahoiild b«'such aa not to OtuaeezoeiBiTe heating when in opctration; (d) largest 
possible area of cyl surface should be juelceted,,and plenty of water used; (e) a stage com¬ 
pressor must have effic intercoolers; (/) aftercoolers increase effic; tl^y eliminate oil 
vapor as well as moistme, thus miniminng danger <|t explosions; (g) if circulating water 
be reused, provide ample water coolers; (A) place receiver inlets near the top, and out¬ 
lets about 1 ft abovo the bottom, to insure clean air; (t) receiver should have blow-off 
cocks at the bottom, and a man-hole for inspecting the interior; O') place a recording 
thermometer between high-press cyl and receiver; (A) install an automatic safety valve 
with no shut-off valves between it and the compressor; (2) inlet sir should be free from 
dust; (m) while running, never inject kerosene into the compressor to cut carbon deporat; 
(n) keep intercooler, aftercooler and receiver dew. « 

Freezing of moisture in compressed air. Moisture in air, under atmos cdnditions of 
75% relative humidity, amounts to about 1 lb water per 1 000 cu ft air. Moistubb- 
CABBTiNO CiiPAOZTT of air depends upon its temp, 


but is independent pf its press or density. Hence, 
if saturated air be compressed isothermaUy to 0.1 
of its original volume, its water carrying capsc is 
reduced to 0.1, and 0.0 of the water present is 
deposited. Hot air from the compressor cyl, on 
entering the recdver, deposits some of its mois¬ 
ture; the remainder is carried into the mains 
where it may freese and so reduce the effective 
area of the pipe. Lastly, in air tools, the intense 
cold of expansion at exhaust freezes the moisture, 
which may obstruct ports and valves (1). 

Prevention of freezing. To remove moisture 
before the' air reaches the points at which freez¬ 
ing may take place, several devices may be used, 
singly or in combination: (a) in aftercooler (Art 8), 
set as close to compressor'as possible; (&> auto¬ 
matic water traps, an low points in air line; (c) a 
second receiver, near the oompressed-air tools, the 
air bung transmitted under higher press, and 
press reduced as it enters second receiver; (d) 
reheaters. 

Quantity of water in comitreBsed air can 
be approx estimated from Fig 32. To use the 
chart, start at bottom, with the per cent of relative 
humidity of the outside air at compressor intake'; 
thence go vertically to the marked or an inter¬ 
polated temp line; thence horis to the left-hand 
scale (see also Fig 25). 

Reheating compreased air (1, 3, 6, 35). Large 
savings are theoretically possible by reheating. 



20 40 60 80 109 

Rdative Bomidity, pgreent 


Fig 32. 'Variation of Entrained Mois¬ 
ture with Relative Humidity and Ini¬ 
tial Air Temp (59) 


due to increase of air volume. But, as it is difficult to apply reheaters to air lines 
serving rock drills underground, their use is limited to air hoists, pumps and motors. 
Cost of reheating is about ^/g of cost of producing the same increase in vol by compressing 
additional air (5). Mbthods in obnerai, itsk: (a) passing the air through a cast-iron 
chamber or coil of pipe, heated by a fire or current of hot gases or steam; (b) adding heat 
within the body of air itself, by combustion of fuel, injection of steam or hot water, or 
placing in the air line an electric-resistance coil (1).. Bebeatera in general consisit of a hollow 
shell, having inlet and outlet connections with the air main, and containing tubes, coils or 
deflecting plates for bringpug the compressed air in contact with the heating elements. 


la COST OF COMPRESSED AIR EQUIPMENT 
AND ITS OPERATION 

Inetallsd cost of compressors varies with their size and type, and transport costs 
invdved.. Table 14 gives approx costs of compressors without accessories. In general, 
small compressors cost more per cu ft of capac than large ones. 

Cost of comprossed-air i>owsr includes a number of factors:' (a) operating cost of com¬ 
pressor, for power attendance, lubricating oil and repairs; (6) depreciation; (e) interest 
on ipvestmwt, pltu taxes and bisurance. Power cost is the largest item, especially for 
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continuous operation. The other charges amount to so small a pn^rtidn of the total 
t^t comparisons are often made on basis of power costs aJone (2). - 


Table 14. Approx Cost of Compreasdlrs, inthout' Accessories (various sources, 1940), 
Based on compressors working at 100 lb, except as noted; freight not included 


Type of compressor 
for lOO-tt) delivery press 

Piston 

displacsmsnt, 
ou ft per min 

Cost per 
eu ft 
per min 
output 

Type of compreaeor 
tor lOO-lb delivery press 

Piston 

displaosment, 
cu ft par min 

Costper 
ou ft 
per mio 
Output 

Small sir-cooied, induding 



Two-stage, duplex, power- 



mntnr , . 

1-50 

$46-12 

driven. 

325-1 350 

1 7-4 

Two.stage, air-pooled, in- 


Two-etage, duplex, eteam- 


nltirttnsp ffVinf.fW. 

70-450 

14-5 

Hrlvmi. 

275-7 200 

13-5 

Single-stage, power-driyen. 



Two-etage, duplex, indud- 



straight-line. 

70-630 

7-3 

ing direct oonneotcd mo- 



Singlewtage, steam-driven. 



tor. 

340-6 200 

13-5 

straigh^line. 

100-600 

16-5 

Portable, indudmg engine 

50-420 

24-13 

Single-stage, strairitt-line. 



Mine-oar, including motor 

60-180 

31-18 

including direct-con- 

, , 


Turbo-compresscuv. 

5 000-10 000 

10-7 

nested motor. 

200-630 

13-6 





Mark W. Booth (22) givra coot of steam- and motor-driven compressors for inbye power es 
$7.50 to $10 per on ft par min. 

In general, compressed air costs between 2 and 20 ets per 1000 eu ft, based on the factors 
Hated above. Compressed-air Data ’* gives a cost of 6.1 ota per 1000 cu ft, including labor, interest, 
depreo, power and repairs, for an elec-driven compressor, based on a sliding current cost of 1 to 20 cts 
per kw-hr (2). 


Coat of comproBsod-air tools varies considerably. Table 15 gives approx costs of 
machines commonly used in mines. 


Table 15. Approx Cost of Air-operated Equipment (various sources, 1940) 


Typo of tool 

Wdght 

Coet 

Type of> tool 

Weight 

Cost 

Hanrl-hnld drill.. 


$165-300 

300-400 

358-650 

250-300 

350-400 

150-350 

Drill-eteel eharpenere— 
Oil furnaeee for heating 
drill steel. 

350-4 500 

550-900 

7-12 

900-2 400 
100-250 
20-30 

$400-2 400 

200-350 

8-15 

900-1600 

80-125 

90-115 

Sinken (heavy, hand-hdd 
drills).. 

Drifters . 

Air-line lubricators. 

Stopers, hand-rotated.... 
Stopere, automatio rota- 

Wagon-mounted drills.. 
Columns and tripods.... 

Clay diggeni. 

Air-operated sump pumpe. 



Tables 16, 17 and 18 give costs of compressed-air service, including drill steel, at 
diffment mines. 


Table 16. Cpita of Air, Drills and Steel per Ton (S 000 lb) of Ore Hoisted (39) 


Lead and sine mines 


Lead and sino mines 


No 1, Tri-State Distriet, 1928. 

No 2, Tri-State District, 1928. 

No 3, Tri-State Oiatriet, 1927. 

Waoo, Tri-State Distriet, 1927-29. ....*. 

Barr, Tri-State District, 1929. 

Hsrtley-Orantham, Tri-State Dubciet, 
1929.;. 

$0,127 

0.114 

0.075 

0.068 

0.066 

0.052 

0.078 

0.081 

0.047 

Bunker HiU A SuUivui, Idaho, 1928... 
Bunker HiU A SuUivan, Idaho, 1931... 

Page, Idaho, 1928. 

Silver King CoaUUoU, Idaho. 1929. 

Park-Utah. 1928. 

Tinric Standard Mine, Idaho, 1929.... 
Qround Hog, N M, 1930. 

10.229 

0.204 

0.280 

0.854 

0.139 

0.770 

0.169 

0.141 

0.122 

0..070 

Bartley, Tri-State District, 1930. 

No. 8, Sontheastem Mo, 1928. 

Mssoot No 2. Tom, 1939. 

Peace, N M. 1929. 

Morning Mine, Idaho, 1928. 

Heela A Star Mines, Idaho, 1928. 
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Table 17. IHrect Stopini Coitt for Air, DttUa wd Steel per Ton Cl 000 lb) 

of Ore Mined (41) 


Ifine 

^t 

a 

Mine 

Cost 

Opm^etope mines 


Cut-and-fill etopes 


Aver of 7 lead mines in Tri^tate district, 

1927-1930.!. 

D C A E Mine, Orango. Mo, 1937 (45).. 

No 8, Southeast Mo, 1928. 

Mascot, Tenn, 1929. 

80.102 
X.094 
0.080 
0,042 

0.093 
0,090 
0.101 
0.051 
0.081 
0.071 
0.027 
0.124 
0.150 
0.075 

Cold Springs, aorted ora hoisted, 1931. 
(3ohl Slangs, crude ore broken, 1931... 

Lucky Tiger, Sonora, N M, 1924. 

Eighty-five, aver 2 atopee, 1929-30.... 
Tesuitlan, Mex, 1930-31. 

81.116 

0.172 

1.052 

0.49 

0.252 

0.128 

0.175 

0.189 

0.215 

0.100 

0.255 

0.414 

Marquette Range, No 1 hard-ore mine, 
1928.". 

Champion, 1930. 

Pilarea, Mex, 1929. 

VsLnftdiiitn dnlo, 1931.. 

Mfirnizig, 1925. . . 

Mineville, N Y, 1927.'...;. 

Heola, 1928. 

Burrai-Burra, Duektown, Tenn, 1928.... 
Burra-Burra, Duektown, Tenn, 1932.... 
No 1, Menominee Range, Mich, 1928... 

LaCoIorado, Mex, 1929. 

Campbell, Aria, aver 3 stopea, 1926-30. 
Magma, 1928. 

Spring HiU, Mont. 1929-30. 

Square-aet atopea 


Hanover Beasemer, Fierro. N M, 1930.. 

Argonaut, 1929. 

United Verde Extension, 1926...!. 

Bunker Hill A Sullivan, 1928. 

Pmm THnhn lOM 

80.101 

0.244 

0.194 

0.16 

0.192 

0.521 

0.472 

Shrinkage^topee 


Nevada-Maseachusetts, 1928 . .. 

80.309 

0.430 

0.202 

0.190 

0.250 

0.470 

0.485 

0.309 

0.230 

0.250 

0.162 

0.340 

0.468 

0.135 

0.179 

Park Utah, 1928 . 

Harmonyr 1929. 

Tintio Standard, 1929. 

Hillaide, 1929 . 

Rilver ICtlig CftihHHnn, 1929. 

Daisy, i929. 

Cortey, 1929. 

Eighty-five, aver 4 atopea, 1925-29. 

Vwde Central, 1929-30. 


Block-caving atopea 


Kay, 1928. 

IQ 

Teck Hughes, 1928. 

IniipirMtiMi, 1928. 

KirklandTLake, 1930 . 

Humboldt, 1928 . . 

Vipond. 1929-30 . 

Braden, Chile, 1928 . 

Elkoro, 1930 . 

Mogollon, N M, 1922 . 

Sylvanite, 1930 . 


Top-slicing atopea 


Mcaabi. No 1, 1929 . 

80.0231 

0.085 

0.040 

0.030 

0.100 

Mount. Hope, 1930. 

Marquette* No 9, 1929. «... 



Sub-level caving etopes 


Miami, 1916 . 

Eureka-Asteroid, 1929 . 

Montreal, 1928 . 

80.070 
0.18 



Table 18. Coot of Air, Drills and Steel, Michigan Copper Mines (40) 


Kind of work 

Aver coet per foot of development, 1927 

Large, open 
etopee with 
atuUs 

Large, open 
■topes with 
IMllus 

Long, narrow 
open atopee 
with narrow 
pillars 

Shrinkage 

atopee 

Cut-and-fiU 

atopea 

Shaft sinking. 

Drifting. 

80.562 

81.40 

0.518 

0.437 

$1.21 

0.447 

81.01 

0.529 

0.66 

0.530 

0.66 

83.36 

0,926 

(Troaseutting. 

Winaea. . 


0.447 

0.667 


At United Verde copper mine, Aris, cost of compreeeed sir per ft of drift was 81.30, and drill 
eted, M.10 (38). ^ ^ , 

During experiments at the DCAE mine, Orango, Mo, in 1037, coat of compressed air only was 
30 eta per too mined; oomjaesBed-air coat for shup^ng bits, 1.62 ots per bit (45). 


11. ROCK DRILLS (1, 2. 34) 

Reripreeatiaf or piston drOl, in which the steel is clamped to piston, was the 
original fgrpe; not i^aw used, except in special oases, as underwater drilling. In HAumaa 
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Fic 36. Ingeraoll- 
Rand Automatioally- 
rotated Stoper Drul 
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DiavLB, the piston strikes the drill steel, which is loosely held in a chuck, the bit remain* 
ing in contact with the bottom of the hole except during a dii^t rebound. In certain 
types, an “ anvil block ’’ is placed between the piston and end of drill steel. 

Drill steel ordinarily used has a small hole running through it longitudinally; it is 
called “ hollow steel.” “ Solid steel,” without a hole, is sometimes used for.auger drills 
and hand-rotated stopers. Either wat6r or air, or a combination of both, is forced through 
hollow steel to remove cuttings from the bole. According to the mode of cleaning the 



Fig 37. Ingorsoll-Rand Wagon Drill 


hole, drills are classed as dry ” and " wet.” Modern drills strike from 1 600 to 2 200 
blows i)er min. 

Hammer drills. Principal classes, and the field of work for each are: (a) band-hbxj> 
DBiua, mounted, and self-rotating, used chiefly for downJiole work (Tig 33, 84); 
(b) DBirrBBS, mounted drills dengn^ for holes at or ncaur the horix (Fig 36); (c) sTorsns, 
designed for drilling upward (1^ 36); (d) wAOOM-niauJs, drifter or hand-hdd type, 
moimted in guides on portaUe rigs (Fig 37). Guides usuaDy adjustable, for drilling at 
any angle. Otiier glasses, variajiaetts fxf above, might be cited; as ” smKBBS,'' large, 
powerful hand-hdd drills, for shaft sinking and o^er^ heavy work. Hand-held drills are 
sometimes mounted for horis drilling, and drifters set on tripods or quarry bars for down 
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h(dm. Drilla wre of max^ rises, raiying in weight and rotative and blowinf idowch-. The 
most effective drill for given service depends on' character of the rock, dep^ of holes, air 
press avsiilable and other factors; experience is the best guide. 


Table 19. Claasificatiott of Rock Drills (21) 


Non- 

BOTATINQ 

• 

Dbiixs 

PX.UO DBnns 

Ligrt drills rOB ploo- 

AND-PEATHBB WORK 

Bbkaebbs 

Known as paving 
breakers and daa- 
oified by wt 

Light, 30-40 lb 

Medium, 50-60 lb 

Heavy, 80 lb 

Dbivbbb 

Pile-drivers, classifiec 
of sheeting they w 

[ by size 
ill drive 

Light, 120-130 lb 

Heavy, 150 lb 


HA.in>-«aLO 

KACBIKliS 


DBn.M 

ON 

nxsD 

MOUimNOR 


Dxnxs 

ON 

AIR 

uioa 


Hanih 

RXU) 

macuinrs 

Fsoraa 


CONVEKTSD 

BBimias 


Hand 

Feud 


Mbchani- 

CALVaBD 


Hand- 

ROTATBD 


SXX|>^ 

BOrATTNO 


ROTATINO 


Usually known as hand-held 
sinkers; olassifiedby wt 


Heavy rinken; daseifiedbycyl bora 


Sin 


31/210 


Very light, 23-40 lb 


Light, 40-50 lb 


Medium, 50-65 lb 


Heavy, 65 lb and up 


Some intermediate sires 
are made, but those are 
the usual sizes 


DBirncRs, 

diABSIFIBD 

BT 

cvn 

ROBB 


3 in 


3 1/2 in 


4 in 


3 in 


31/210 


4 in 


Some intermediate sises are made, but these are 
usual sises 

Drifters may be mounted on portable carriages 
or jumbos; differ from wagon-driUs in that the 
mounting is not an integral part of the unit, 
and not sold with it 

Some drifters have air feeds; differ from stnpers 
in that the drill is not supported by feed cyl 


Stopers, classiiied partly by wt, 
partly by bore, into 2 classes: 
light and heavy 

Distinction based on kind of .work 
they are suited for 


Light, 60-75 lb 


Heavy, 80-100 lb 


light, 80-100 lb 


Heavy. 110-130 lb 


Waoon- 

ZtOCNTED 

DBUXS 


Classifled according to Imgth of 
feed and bore of drill 


Light wagon-drill, 
feed 6 ft or less 


Heavy wagon-drill, 
feed 10 ft or more 


With 3-in drill, or smaller 


With 3 V 2 -in drill 


With 4-in drill 


With 31/s-indriU 


With 4-in drill 


Hattd-h«!d drill* (Figs 33, 34) ai« made in dry. wet or blower types. The blowers 
have greater hole-cleaning capacity than the standard dry type, due to the greater vd of 
air blown through the steel. They weigh from 30 to 85 lb. Sinker drills weigh from 75 
to 135 lb. A special drill, wrighing about 40 lb, and having strong rotation and light Uow, ‘ 
uses solid twisted auger-et^ for drilling coal and soft ground. Hand-held drtUs are 
ordinaitiy employed for down holes; sometimes for drifting by tiring a conversion mount¬ 
ing or « plank ot riing. They are also adapted for stoping by adding an aiiyfeed leg (38). 

drills (F^ 35) are genenrily self-rotating, and used wet. A few have indepen¬ 
dent sir^ttotor-operated rotation. Drifters weigh from 116 tb 225 Ib. They are usually 
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clamped to a troas arm ob a ecdumn. In quarriea, the mooBtiing ia often a horia bar, «^>> 
port^ on lega or a tripod. In some regions, as used for stoping, they are fed by a screw 
wUch pushes the driU forward on its carriage, or withdraws it for changing the Steel. 
Recently, several mechanical feeds have come into use; some are air feeds, using air 
pressure or air motors to move the drill forward; a successful form has a ratchet device 
operated by the vibration of the drill. Drifters usually have 3-, 3 t/s-, or 4-ixi cylinders. 
The 3-in driU weighs about 125 lb, the 3 l/ 2 -in 145 lb, and the 4-in 180 to 220 lb. Other 
sisee, as 2 t/g in, 3 i/g-in and 3 >/ 4 -in, are furnished by some makers. 

Stoper drills are primarily for overhead work, as raising and back stoping. Standard¬ 
ised stopers have the air-feed cylinder attached to the backhead of the drill, the air-feed- 



Fig 38. Chicago Pneumatio Demolition Tool Fig 39. Thor Clay Digger 


piston ertending out of the lower end. In reverse-feed stopers the feed piston is attached 
to the backhead, the air'^eed cyl moving away from it. This permits clamping the drill 
to a bar, for eitW vwt or boris holes. Hand-rotated stopers, both wet and dry, weigh 
80 to 100 lb. They usually have chucks for hexagon or quarter-octagon steeL Auto¬ 
matically-rotated stopers (^g 36), weighing 00 to 125 lb, are mi^ for wet or. dry drilling, 
the wet being ordinarily used. Length of feed, 20 to 25 in; total,length of drill extended, 
'70 to 90 in. In excavating a. 15 X'8 ft mine shaft, 866 ft deep, witii stopers, the cost in 
moderately hard sdust was $52.00 per ft (29). Other air-wven tools are tiiiown in 
Pig 38, 39. 

Valves for hanuner drills comprise:. Sipooi, VAiAraa, omitaiaed in a abort valvehchept; 
tubculb vat.ya», of Mvetal fonns, sometknes called sUdiog-tieeve or dbubLe-aeatad spools. 
They reciprocate on a central qore,. which ia nften the upper portion of the rifle-^ o:( tha 
drill. In some, the air passes thrcnq^ the center of the -^ve. Disg vanvns are circular 
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ditlu or annular rings seating on tbe flat surface of the ring. They ue usually placed on 
the upper portion of the rifle bar. Flappbb and mmstnrnr taltbs rock back forth, 
have a fulcrum or pivot, seating on flat surfaces at either side. Bau, vai.vbs ue spherical 
Bteel bails, seating on ground seats. In vai,vbi.E8B nniLns the piston acts as the valve. 
This construction is used mainly on the lighter tools, as clay spades. 

Rotation devices comprise: ratchbt and riflb-bab botation, in which the rear end 
of the helical fluted rifle-bar has pawls working in a ratchet ring in the backhead. Rota¬ 
tion is transmitted to the chuck or rotation sleeve by straight flutes in the front part of 
the piston. PMBtruATic botation utilises the fluted piston and rifle-bar as in the pre¬ 
ceding method, but the pawls are forced into position by compressed air instead of springs. 
iMfDBFBNDBNT BOTATION is Separate from the piston action. In some types an air motor 



drives the chuck sleeve through gears; or the motor drives eccentrics, transmitting power 
to gyrating yokes, which in turn drive the chuck sleeve. 

Drill feeds. Hand-fbbd for drifters contists of a long soreiF turned by a crank engag¬ 
ing a nut attached to the drill head. One type of automatic fbbd uses a ratchet device, 
which turns the feed screw by the drill’s vibration; another form uses an lur motor 40). 
Pnbumatio fbbds use air pistons similar to the stoper feed. Air-motor feeds are also used 
on wagou-drills and heavy drills for down hole work in quarries. 

Drill mountings. Tbipoo mounting is used for dnfter drills in open-cut work and' 
quarries. Column mountings are employed in tunnelling uxd general underground work. 
Pnbumatio-vbbd columns are telescopic; extended and held in place by compressed 
air, Htdrauuo columns are similar to single-screw columns, but a hydraulic jack 
operated by a short lever replaces the jack screw. Hand-held dbill mountings are 
separate feed-screw mountings, to which a hand-held drill can be clamped for converting 
it temporarily to a light drifter. Quabbt-bars are 10- or 12-ft horix bars, supported on 
4 legs. Chief application is for dimension-Btone quarrying, with drifter drills and channel¬ 
ling tools. They usually have rack and pinion to control travel of the drill on the bar. 
Bboachino mountings are heavy moontings, usually quarry bars, with air-motor feed, 
for heavy drills on broaching and down-hole work. Dbill oabbiaobb (jumbos) are port¬ 
able mountings for 1 to 12 or more drills, standing on a track; used in driving headings 
of large tunnhls. Wagon mountings are portable mountings for drifts drills (see ante). 

Rote. Use of tunnel columns and carriages, and shaft ban, is treated in Sec 6; tripods, quarxy 
ban, gadden, ohannelen, and iowen for submarine drilling, in Sec fi. 

Tripod parts (Fig 41): a. saddle damp; &, damp Jaw; e, saddle througbbolt; d, front leg and 
ear bolts; s, aide and badc4eg bolts; /, right ear; f, left ear; s', weight hanger; J, k, leg oollar and 
set-screw; I, leg pointer; m, weight. Vabiations of the tripod: Lewia-faole tripod, for drilling 
parallel hobn dose together; quadrant tripod, for submaiina drilling from a iimttotm- With 
the latter, the di^ is swung aside when changing bite. 

Parte of douMe- and dngle-sorew columns (Ilg 42): 1, column top; 2, eolumn pipe; 3, jack 
eorew for double-eorew column; 4, baae-blook bdt (large); 5, base-block bolt (smaU): 6, jaak-sorew 
cup; 7, oolumn t»ee biook (2 pee); 8, jaokeorew nut, double-eorew column; 10, safety damp: 
11, colttBu arm; 12, odumn-arm oap and bolts; 15, cap aet-serew;' 16, iaok-aerew eap; 17, jaok- 
Borew; 18, look nut; 10, Jaok-sorew nut. Column clamp: b, damp-jaw; e, damp through-bolt; 
Pi Oi oolumn damp, top and bottom; r, s, front and ba£k damp bolta. 

Air pra ggn ra for rock flrOls. Most drills are designed for press of 70-100 lb, and are 
roost effident at these pressures. Higher press cause abnormal wear and hreakageuf diill 
perta, amf Ineroased steel breakage. Low press decreases drilling speed; at mesa as low 
as 40 lb, atepars fre damac^ by pounding oS the steel tm. anvil block and front head. 

of aif eeastuaptioa aad pressure to driniag speed. ISafoorate testa at United Verde 
mine. Aria (70), to determine the moit acoUroMiOAL aib pbbss for hammer drills, lead to following 
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conelusiona: 1. Prenun exceeding 00 Ib givw little inerMn in meoh 2. Deptb drilled per air 
ibp » gresteat for sinkn type of ^iU at 90 Ib preni and increaen Uowly at higbn preee iot other 
hammer drilla. 3. Factor of deairability inereaan only ajowly at pren above }00 lb. 4. Pren 
higher than about 88 ib at the drill inereaaea upkeep. 6. Iffigh preaa inereaan breakage and Ion ol 
drill runner’a time. 8. Increaeed breakage of drill ateet tenda to limit the pren. 7. Under oondi- 
tiona at thia mine, the moat eoonomioal pren appeaie to be 90-08 lb. 



Fig 41. Tripod Drill Mounting 42, Double- and Single-ecrew 

Columna 


For tunneling, where overall economy may depend upon apeed of advance, drilla are run at maxi 
rather than at meat eeonomioal apeed. In Table 20, baaed upon above data, drilling apeed at 80 lb 
pren ia taken aa 100%. 

Factory tnta with blocka of aeleoted atone (71): drilla were mounted on column, and run at pren of 
OO, 70, 80, 90 and 100 lb (Fig 43). Each machine drilled 1 min with each of 3 bite, 17/g, 1 3/4 and 

1 t/g-in gage. Air conaumed waa mea- 


160 

160 

140 

180 

120 

110 

100 

«90 

SgO 

70 

60 




aured by adiaplacement meter (Art 10), 
Standardixation of drilla and thrir 
equipment, though deairable, can not 
be expected in macbinea undergoing 
frequent improvement; but, where 
different makea or typea of drilla are 
run in the aame mine, they ahoidd be 
BO selected aa to uae the aame aisca of 
atee), and interohangeable hose connec¬ 
tions. Columns, column-arms, and 
fittings should be reduced to fewest 
number of t}rpea that will do the re¬ 
quired work. Nuta and bolts on arm, 
collar, and clamp, that are frequently 
used, should take the aame wrench; 
or, at least, their number should be 
minimised. 

Table SO. Relation of 
Drilling Speed to Air Frean 


Fig 48. 


JLU AU-l 1 I I.i 
90100 M 60 70 80 90100 
Air press Air press 

A B 

Teats on Air Consumption and ririliing Spee d 


Case 

press 

Speed, 

% 

Ga*s 

prssB 

Speed, 

% 

40 

91 

90 

II9 

50. 

47 

100 

140 

60 

64 

no 

160 

70 

82 

120 

180 

80 

100 

190 

198 


Snggeations to rock drilldra (33). E^p aide rods drawn up anus, buf not eo ti^t aa 
to doae tiho qpringa. ■ If jneton repeatedly etrikee the cyl head* when feeding, aenilmaolune 
to the ahop. Don’t run with wide-open throttle whm crankine A Int out of the bole* 0 ^ 
when cranking back in soft ground; crowding the,crank leducea drilling apOed, D^’t 
rwEDove feed-emew euppcni. Kee^ oil plugs tight. Doa^t twiit off hibchsAtor or valve 
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bolts liy careless use of wrench. Don't use red rubber gaskets in water spud. Don’t 
drill with machine out of line. Don't drill with loose swing-clamp. Don't use too much 
water, eq>eciaUy in down holes. Don't take a chance on using a chipped or slightly upset 
ehank. Examine anvil blc^ck frequeatibr, to see if it is causing Shank trouble. Don't run 
bits too far when drilhng. Call the nipper's attention to the trouble with the machine, 
when sending it. to shop for reiMurs. 

Care and treatment of bammw drills (34). The bit must be held down to its work; 
otherwise the shank slips and hammer strikes the cyl head, causing breakage; ■ bit shank 
should receive full force of blow. 'Drills should be washed with kerosene about once a 
week, and should be oiled before reaas^bling. The hardened steel bushing, taking the 
WMir incident to screwing the air hose on and off the drill, must not be removed from the 
handle by drill runner, otherwise the threads are sooner worn or stripped. Examine and 
gage bit shanks at intervals, to see that they are not too short nor too badly worn to fft 
the socket properly. 

Air consumption. In hammer drills the type of valve and piston, and the speed of 
blows per min, vary so greatly that it is impossiUe to prepare a general table of air con¬ 
sumption. For any drill it wiU vary widely with hardness of rock, air press, and skill of 
the driller. Manufacturers can furnish the approx air consumption of a particular drill, 
or it can be measured by an air meter (Art 19). Table 21 gives approx figures. 


Table SI. Approx Air Consumption of Rock Drills (various sources, 1940) 


Type of drill 


Tjrpe of drill 

Air consumed, eu ft 
free air per min, com¬ 
pressed to 90 lb gage 

24^35-lb hand-held drilb.. 

60-70 

200-300-lb drifters. 

190-250 

35-45-lb hand-held drilb.. 

7^90 

Hand-rotated stopers. 

65-120 

45-65-lb hand-held drilb.. 

85-120 

Automatically-rotated stop- 

, 

65-90-ib hand-held drilb.. 

100-135 

en... ..... 

120^180 

II5-140-lb drifters... 

145-175 

Drill-steel sharpeners. 

30-145 

140-200-lb drifters. 

165-250 

Oil furnaces. 
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Table S3. Multipliers to Find Compressor Capacity for Operating 1 to 70 Drills at 

Altitudes above Sea-level (1, 3) 


Number of drilb 


Alti¬ 

tude, 

ft 

1 

2 

3 

4 

5 

6 

7 

8 

I 

9 

10 

12 

15 

20 

25 

30 

40 

50 

60 

70 

Multiplien 

» 

1. 

1.8 

2.7 

3.4 

4.1 

4.8 

5.4 

QQI 

6.5 

7.1 

8.1 

EB 

11.7 

13.7 

B 

21.4 

25.5 

29.4 

33.2 

m 

E 

1.85 

2.78 

3.5 

4.22 

4.94 

5.56 

6.18 

m 

7.3 

8.34 

9.78 

12.05 

14.1 

16.3 


26.26 

30.3 

34.2 

2000 

E 

1.92 

2.89 

3.64 

4.39 

5.14 

5.78 

6.42 


7.60 

8.67 

10.17 

12.52 

14.06 

16.9 


27.26 

31.46 

35.52 

3000 

E 

1.98 

2.97 

3.74 

4.51 

5.28 

5.94 

6.6 

m 

7.81 

8.91 

10.45 

12.87 

15.07 

17.38 

D.54 

28.05 

32.34 

36.52 

4000 

B 

2.05 

M 

3.86 

4.67 

5.47 

6.15 

6.84 

7.41 

m 

9.23 

m 

13.34 

15.62 

18.01 

24.4 

29.07 


37.8 

5000 

B 

2.10 


3.98 

4.8 

5.62 

m 

m 

7.61 

8.31 

9.48 

11.12 

13.69 

16.03 

18.49 

m 

29.84 

34.4 

38.84 

6000 

lyTi 

2.16 


m 

4.9 

5.76 

6.48 

7.2 

7.8 

8.52 

9.72 

11.4 

m 

16.44 

18.96 

25.66 

m 

35.4 

39.84 

7000 

1.23 

m 

3.32 

4.18 


m 

6.64 

7.38 

7.99 

6.73 

9.96 

11.68 

14.39 

16.85 

19.43 

26.32 

. 

31.36 

36.16 



1.26 

2.27 

m 

4.28 


6.05 


7.56 

8.19 

8.95 

10.21 

m 

14.74 

17.26 

19.9 


PI 

37.04 

41.83 

9000 

1.29 

2^32 

3.46 

4.39 

5.29 

6.19 


7.74 

8.38 

9.16 

10.45 

12.26 

m 

17.67 

m 

B 

32.9 

37.92 

42.» 

>0000 

1.32 


3.56 

4.« 

5.41 

6.34 


7.92 

8.58 

9.37 

10.69 

12.54 

15.44 

m 

20.86 



38.8 

43.82 

12000 

1.37 

2.47 

3.70 

4.66 

5.62 



8.22 

8.9 

9.73 

m 

13.02 

16.03 

18.77 

21.64 

29.32 

34.94 

40.^28 

45.« 

15000 

1.43 

2.S7 

3.06 

4.86 

5.86 

6.86 

7.72 

8.58 

9.3 

10.15 

12.56 



19.59 


30.6 

36.46 

EM 

47.47 


Table 22 ii used as dbown by the following examine: Required the v(fi of free air to ■ 
operate 30 drills at 9 000 ft altitude, at a gage press of 80 lb. Seadevel consumption per 
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drill assumed as 190 ou ft per min. Prom Table, the factor for 30 drills at 9 000 ft is 20.38; 
multipb^ins 190 cu ft by 20.38 gives 3 872 ou ft free air per min, which is the actual free 
air delivery of a compressor for the above outfit under aver conditions, to whicdi must be 
added pipe-line losses of.friction and leakage. Themtdtipliers in the taUe ttilow for time 
consumed in ohangiitg bits, cleaning hole and moving drill; all drilling operations being 
intermittent. In soft rode, where the actual time of drilling is short, more drills can be 
run with a compressor of given siae than when working in hard rock, where the drUls work 
continuously for longer periods. Soft material, the^ore, increases the air consumption 
for a given number of drills, and hard material decreases it. Coihpresaor capacities are 
those required at the driUs, no allowance being made in the table for losses due trans¬ 
mission pipe friction or leaky pipes. In selecting a compressor, these factors must be 
taken into account. 

Following are formulas for dealing with rook-drill work; 

Time to change bite and clean hole, e min; to drill 1 ft, d min per ft; to mOve drill and lost time, 
I min; to set up drill, t min. 

Lmgth of feed, ft, /; depth of hole, ft, D; time to drill length of feed, fd m r. Number of bits 
per hole, D 

Total time per hole (e H- /d)(D f) + (.1 + g), Ineluding moving and setting up drill. 
Working minutes per day » M (say, 600). 


Number of hedea pet day ■■ 


(e+/d)(2>+/) -fCl-hg) 


Ft bole drUled per day ■■ ■ ' -. 

(e+/d){jD +/) + (i-i-«) 

Cost per day ^ C va standard buie: hence, cost per ft of h(de 
C(e +fd){D +jy + (l + g) „ C r« . 

- m -17+" 


+ d + ' 


If I + S ■■ pr aver time to move drill and aet up; and e -f- r 7, or aver time for changing 
late, cleaning hole, and drilling the length of feed, the above formula reduoee to: 

jf^CT.CS 

MD 

Note that length of feed (/) ie the difference in length between successive bits, which is ordinarily 
2 ft. In the formula the possible length of feed is immaterial; the value is affected only by the 
lengths of bit. If it be difficult to get a follower bit into the hole, the feed should be several inches 
longer than the difference between lengths of bits, since this affects time of changing bits and clean¬ 
ing the hole. 

■ Water pressure for wet drills is from 20 to 90 lb; if greater than the air press, water 
will be for(^ into the drill cyl and carry away lubricant. Normtdly, 25 to 35 gal of water 



Fig 44. Water-feed Tank for Hand-held Drills 


are required per drill per shift. A mode of regulating water press is to set up ih the mine 
workings, at about 200-ft intervals, several tanks overflowing into one another. DriU- 
maketu furnish 15 to IS-gal tanks, in which compressed air gives the desired water press 
(Fig 44). 

Lubrication of drilig <3) is of great importance. There is little poesibility of their 
getting too much oil; with eno\t(^, oil will appqar on the drill-steel ^anks.' for rOck 
drills must resist washing sway, wi^stand low twp (often below 32** F) cansmi by sudden 
expansion of air in the tool, and flow to all parts requiring lubricaticn. ■ Poor oil becomes 
sticky. AU major oil companies stq;>ply lulmcimts that have been tested and approved. 
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Mort hammer driUe have automatic luhrieatora. Air-line lubrioatore (Fig 45) are 
WU«lly ,aatiBfact<^; an oil container ie placed in the pipe leading to each drill, the oil 
Mng picked up by the air and carried undw preu to aU parte of the driU. They we 
dependable, but .not vital to ade¬ 


quate lubrication, as the regular 
oiling system auffioee, if the oU is 
BuitaUe. Drills must be kept clean. 
They should be dismantled at regular 
intervals, the parts cleaned with 
kerosene, and oiled as they are re¬ 
assembled. If any part has been 
scored because of inadequate lubri¬ 
cation. the scored surfaces should be 
smoothed. 

Ingersoll-Rand Co (Drill Doctor’s 
Book) ipves the following speoilicatioiu 
for a lubricant for drills, drill-steel 



sharpeners, and bit and shank punches. 
1. Quautt: (a) lubricant shall be well- 


Fig 46. Gardner-Denver Air-line Lubricator 


refined petroleum oil, free from suspended matter and water, or a good petroleum oil compounded 
with enough animal oil to form a sat^factory lubricant for drills where water or wet air is encoun¬ 
tered, or a good grade of free-flowing liquid grease, which will not separate upon standing; (6) Castor 
maohine oil (aluminum soap), and oils containing graphite, are not approved. 2. Phtmcap psop- 
BBTlBs of oils found good in actual field service are: flash point (open cup), 350® F min; viscosity 
100® F (Saybolt Universal), 450 sec min, 700 sec max; pour point, IS® F max; mineral-acid neu¬ 
tralization number, 0.10 max; free fatty acid (% Oleic), 0.40 max; steam emulsion number, 300 max. 
Viscosity of liquid greases can not always be determined; in any event, the lubricant should be 
free-flowing, conforming to above epeoifioations except for viscosity. 


12. OIL FURNACES AND SHARPENERS FOR DRILL STEEL 

Kote. Data on Drill Steel, Bits for Hand and Machine Drilling, Hand Sharpening and Tem¬ 
pering of Bits, are given in Sec 5. 

Power sharpeners, operated by compressed air, are now in general use at large mines 
and wherever rook drilling is done on a large scale. Chief advantages over hand-aharpen- 



Fig 46. IngendU-Band Oil-fired Fmntaee for Heating Drill Steel 


ingi' (o) greater rapidity and economy, since 1 smith can aharpoa as many bits as several 
hand bladcamiths with their hypers; (5) more aedurate shaping and gaging of bits compos* 
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ing a set. Dies being uaed, all Hta of aanie shape and gage are identical, with qmunetrical 
wings and sharp, square corners. Heoice, mechanically forged bits always “ follow ’* well, 
decreasing trouble from stuck (fitehered) bits. Aoctuate shanks formed by power sharp¬ 
eners decrease drill piston breakage. .Shanking done by hand is faoihtated by small 
devices, giving*quicker and more accurate results ^an l^md work alone. 

Detachable bits are widely used. They can Iw rediarpened several times before dis¬ 
carding. Air, elec- and gasolene-driven grinders, with special bit holders and grinding 
guides, are furnished for this purpose. Some makes of detachable bits are attached to 
drill rod by threads, which may be forged on rod by a power 8hui>ener and special dies. 


Oib-fired furnaces (Fig 46) with compressed-air Uowers are widely used to heat steel 
for forging. See also Fig 47. 



Fig 47. Diagram of Well Laid-out Mine Blaelumith Shop 


13. PNEUMATIC QUARRY TOOLS 

Channelera cut out blocks of stone without blasting. They can cut a continuous slot, 
at any angle from vert to horis, by a gang of chisds, the entire machine moving back and 
forth along the dot at a speed that will keep the bottom smooth and even. 

Power required. For operating by oompreesed air. the makere state that the air eoneumption 
when aotually cutting is as follows for single-cyl ehannelers: 4 Vs-ir* cyl, 160 eu ft free air pef min; 
6 l/s-in, 230; 7-in, 300; S-in, 400 cu ft per min. Duplex channeler requiree $-8% less than twice 
as muoh air as a simplex. A reheater reduces sir eoneumption about 20%. Dai^ steam, a 25 to 
30-hp boiler servea a channeler having a 6 V2-7-in cyl. Few air-operat^ maohinee are now uqed. 

Rate of cutting depends on dse of ohanneler and hardness of rook: 4 Vg-in oyl ntachines cut 
60-75 sq ft per day in slate, 200 eq ft in soapstone; 6 Vs-in cyl machines out 80-150 sq ft in marble, 
260 sq ft in soapstone; 7-in cyl machines, 60- 75 sq ft in tough sandstone, 130-210 sq ft in luneetone; 
8-in cyl machines, 60-76 sq ft per day in gneiss. 

Channeling widi drills (line drilling}. A piston or hammer drill is mounted on a quarry bar, and 
drills a row of holes close together. The rock between holes is broken by a drill with broaching Idt. 

Stone surfacing (dresnng) can be done with small hammer dr^, so mounted fa to move in a 
**cris plane over the block of atone. 

14. COMPRESSED-AIR COAL CUTTERS (1) 

These are widely need to replace hand work, for undercutting the faee of ooal, prepara¬ 
tory to breaking it by blasting or wedging. Objects: to economise cost of mining; to 
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decreaM proportion of fines; to increase rate of production from a siven ttidont of 
workings (1). Air-driven machines only are considered here; for elec cutters, see ^ 16. 

Endless-chain cutters are furnished in longwall types for longwall rnlning (Hg 49) and 
in short-wall types for room-and-pillar mining. The bits are carried <hi an endless chain, 
driven by an air motor; the machine is fed forward by a chain or rope anchored atone end, 
and feeding into sprockets or winding on a drum in the machine itself. 

Rotary-bar cutters are almost obaolete. They are used like shortwaU machines, but 
have a toothed bar instead of an endless chain. 

Pick machines are either unmounted or mounted on low wheda The bit makes a out 
40-80 in deep. Unmounted hand picks are light-weight hammer drills, 1&-18 in long 
and weighing 20-30 lb. 

“ Radialaze *’ coal cutter is a rock drill, with bit rotation device, mounted on a column, and 
provided with worm gear, so that the machine may be swung radially in undercutting or shearing. 



Coal Cutter Fig 49. Svillivan Longwall Ironclad Coal Cutter 


“ Radialaxe ” bits are of 2 forms (Fig 48). Solid bits, forged with 3 or 5 prongs, are sometimes used, 
but most bits are of the combination “ fish-tail ” type. All are easily forged and sharpened. 


16. COMPRESSED-AIR HOISTS 

Large air hoists for hoisting in mine shafts are dealt with in Sec 12. 

Ait "lifts" for raising heavy weights through small distancee at alow speeds, as for cranes in 
iron works and machine shops, are made in several forms. SiMaLa-cxUNDSB ttpb consists of a 
long*etroke oyl, suspended vertically from a crane or cable, with the load booked to lower end of 
piston rod. Txusscops ttpk, for low headroom, has 2 cyl, telescoping into each other. Oil or 
water, acted on by air press, may be used in both of the above, to prevent accidental lowering of 
the load through leakage of air, the oil being retained in the cyl by a stopcock, and passing into a 
reservoir for lowering. 

Drum hoists are widely used for scraping, slushing, loading slides, handling timber in 
shafts, and pulling cars. They are driven by air, elec, or steam (Sec 16, 27). Engines 
designed for steam may be nm by compressed air, but not economicdly. On replacing 
its.boilers by a Diesel engine, an Arix gold mine successfully converted its steam hoists to 
air operation. A reheater, heated by exhaust from the Diesel, was used between the com¬ 
pressor and hoist (27). 

Air hoists are driven by a piston motor, turbine, or geared motor, with rated capacities 
of 750-18 000 lb. Cable speeds for slushing and scraping are 120-400 ft per min; for 
indling oars, 25—100 ft per min. They are made with 1, 2 or 3 drums. Table 23 inchides 
power required to hoist skip and rope, and to overcome engine friction which is taken at 
20%. It is assumed that the drip weighs 0.5 as much as its contents, that the traction on 
a.h<^ mine track is ^ lb per ton and that there are 500 ft of wire rope. Engine is plain 
d|de-VBlve, in gifod condition, and loaded to about full capacity. If not, and the air is 
throttled, more air ^ needed for same work. 
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Tabl* SS. Air R*qiiir«d to Hoist 1 Ton (S MO lb) on Slopes (IngeMofl-Rsnd Co) 


Angle of slope 
to boris^ deg 

Cu ft free air 
per min of 
actual hoisting, 
@ 350 ft per 
min rope speed 

Cu ft free air 
per 100 ft of 
bust 

Angle of slope 
to horis, deg { 

Cu ft free air 
per min of 
actual hoisting, 
@ 350 ft per 
min rope epeed 

Cu ft free air 
per 100 ft of 
hedst 

0 

II 

3.1 

35 

520 

148 

5 

90 

25.7 . 

40 

590 

168 

10 

100 

45.6 

45 

650 

166 

15 

230 

65.7 

50 

700 

200 

20 

320 

91.2 

60 

790 

225 

25 

400 

114 

75 

860 

250 * 

50 

470 

134 

90 

900 

257 


16. COMPRESSED-AIR LOCOMOTIVES (1) 

These were formerly widely used for mine haulage; now largely displaced by electric locomotives. 
Note. Sec 11 deals with all means ot Underground Transport, including electric and gasolene 
locomotives (see also Sec 16). Sec 15 treats of compressed-air locomotives only. 

General construction. There are 1 or 2 storage tanks, which, with piping, etc, ene carried on a 
frame mounted on 4 or 6 driving wheels. The eyls are usually simple, sometimes compound. The 
high-press air of the storage tanks passes into a small auxiliary tank, where it is reduced to proper 
working press, before going to the cyls. 

Air pressure in storage tanks, 700 to 1 200 lb. Cyl press: simple engine, 125-150 lb; compound 
engine, 200-250 lb. Intermediate press for compound cyls, 50-W lb. Takk capacity, for hauls 
of 1 to 1.5 mile, 50-150 cu ft. For long hauls, it is better to increase press, rather than sise of tanks. 

Tnctivs force of compressed-air locomotives may be found by: T {Ifi "K L X 0.98 P) -f- d: 
where T — tractive force, lb; D diam of piston, in; •• stroke, in; P — initial press, lb; 
0.08 P — effective cyl press; d — diam of driving wheels. 

17. PDMPmG BY COMPRESSED AIR (l, 2) 

Oenersl. Pumps designed for steam are often operated by compressed air, though rarely effi¬ 
ciently, due to: (a) difference in expansion curves of steam and air; (6) the frequently improper 
selection of cyl diam for the available air press. 

Volume of air for pumps working without expansion. If V = vol of free air,-cu ft 
per min; if "■ head under which pump works, ft; Cf — gal of water raised per min; 
P ■■ receiver air press, lb; V* — vol of free air corresponding to 1 cu ft at press P; then 
V 0.093 Vs (H X G) -r- P- This formula is based on 100 ft piston Speed, with 15% 
added volume of air to cover losses. 


Table 24. Values of Vs and 0.093 Vs. Mean Press per Stroke, and Hp per Cu Ft Free Air 


Air 

preeo P, 
lb 

V, 

0.093 

Vj 

Mean 
air press 
per stroke 

lip per 
eu ft 
free air 

Air 

presa P, 
lb 

Vr 

0.093 

V* 

Mean 
air press 
per etroke 

Hpper 
cu ft 
free air 

25 

2,70 

0.2511 

17.01 

0.0743 

60 


0.4724 

30.75 

0.1340 

30 

3.04 

0.2827 



65 


0.5040 

32.32 

0.1406 

35 

3.36 

0.3143 

21.60 

0.0943 

70 


0.5357 

33.83 

0.1468 

40 

3.72 

0.3459 

23.66 


75 

6.10 

0.5673 

35.27 

0.1527 

45 

4.06 

0.3776 

25.59 

0.III7 

80 

6.44 

0.5989 

36.64 

0.1583 

50 

4.40 

0.4092 

27.39 

0.1196 

85 

6.78 




55 

4.74 


29.11 

0.1270 

90 

7.12 

0.6621 




Bxample. Required the vol of free air per min to raise 200 gal of watm- 150 ft, gage presa being 
80 lb. From Table 24, 0.093 Vf corresponding to 80 lb — 0.5989; hence, V — 0.5989 (200 X 150) 
4- 80 - 224.4 eu ft free air. Hp developed in using 224.4 on ft free air at 80 lb is 224.4 X 0.1583 — 
S5'.0 hp. At 40 lb gage prees, V •• 0.3459 (200 X 150) 4> 40 259.0 cu ft free air, and 250.0 X 

0.1033 — 26.8 hp. Tiuse examples show the advantage of using low-press air for simple pumps* 

Since machine drills require air st high presa, they generally control the design of the 
compressed-air plant. To get the best resets, the press for the pumps mimt be redvfced 
below that in the mains. A receiver should be placed between the reduoiiqi valve and the 
pumps, to drain the air, lessen' probability of freesing, and to equidiae the press (1). 

Foot-gallona pumped per cu ft of free air range from soy 135 . to 155; ig 

increased by stage comprosuon, and by-reh^ting (Art 9). 
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TaU* 28. Air Coosomptloa of Reciprocating Piunpa (2) 

The tabto givea the preaa and vol of air for any die pump. Heaaonable aUowanoea have bm ipade for 
loBsea due to clearanoe in pump anr'i friction in the pipe 


Ratio of diam of air cylinder (iteam cyl) to diam of water cyl 


jSeisht to 
which 
water is 
pumped, ft 

1 to 1 

BIBliHi 

1 s/4 to 1 

2 to 1 

2 1/4 to 1 

1 Vs to 1 

Air 

preaa 

at 

pumps 

lb 

Cu ft. 
free 
air per 
gal 
water 

Air 

press 

at 

pump, 

lb 

Cuft 
free 
air per 
gal 
water 

Air 

press 

at 

pump, 

lb 

Cu ft 
free 
air per 
gal 
water 

Air 

preaa 

at 

pamp, 

lb 

Cuft 
free 
air per 
gal 
water 

Air 

preaa 

at 

pump, 

lb 

Cu ft 
free 
air per 

g^ 

water 

Air 

preu 

at 

pump, 

lb 

<3uft 
free 
air per 
gal 
water 

25 


.38 











50 

Bfiin 

.57 

13.5 

.61 









75 

45.5 

.77 

20.3 

1.00 

■nil 

1. io 







100 

60.6 

.96 

27.8 

1.20 

19.8 

1.35 

15.3 

i.53 





125 

75.7 

1.15 

33.8 

1.39 

24.8 

1.54 

19.0 

1.71 

15.0 

I.9I 




91.8 

1.34 

40.5 

1.59 

29.8 

1.74 

22.8 

I.9I 

18.0 

2.11 

14.5 

2.33 

175. 

106.0 

1.54 

47.5 

1.79 

34.6 

1.93 

26.5 

2.10 

21.0 

2.30 

17.0 

2.52 


121.5 

1.73 

54.0 

1.97 

39.8 

2.13 

30.3 

2.29 

24.0 

2.50 

19.5 

2.72 

225 

136.8 

1.93 

61.0 

2.18 

44.5 

2.31 

34.0 

2.48 

27.0 

2.69 

21.8 

2.91 




67.5 

2.36 

49.5 

2,51 

37.8 

2.66 

30.0 

2.89 

24.3 

3.10 




81.0 

2 75 

59.0 

2.87 

45.5 

3.06 

36.0 

3.28 

29.0 

3.48 

550 



94.5 

3 13 

69.3 

3.27 

53.0 

3.44 

42.0 

3.66 

34.0 

3.65 




108.0 

3.51 

79.0 

3.66 

61.0 

3.66 

48.0 

4.04 

39.0 

4.28 






89.3 

4.05 

68.3 

4.23 

54.0 

4.43 

43.8 

4.65 

500 


. 


■H 



76.0 

4.63 

60.0 

4.82 

48.5 

5.03 


To find the vol of air required to pump a given quantity of water a given height, find the ratio of 
diam between water and pir cylinders and multiply the gal of water by the figure found in the column 
for the required lift. The result is the number of cu ft free air. Press required on the pump 
is in the column directly opposite. For example: 





c 


t’ 


DIt- 
tiargingj 


Comproicor 
lotako 


CompnMor 

Diwbkrgo 


the ratio between cylinders being 2 to 1, required 
to pump 100 gal to a height of 250 ft. Opposite 250, 
at ratio 2 to 1, is the figure 2.66; 2.66 X 100 = 266 
eu ft free air. Press required is 37.8 lb on the 
pump piston. 

Direct displacement pumps operate by displace¬ 
ment of a vol of water by an equal vol of air, the 
air press corresponding to height of lift. Air is 
used without expansion. SiMai.B-CHAUBBB pumps 
<F ig 60 a) are suited to low lifts. Compressed air 
entering the top of the chamber drives out the 
water, and when all is expelled, the air escapes 
throu^ the 3-way valve. Then the water discharge 
valve doses automatically, and water enters the 
chamber through the bottom valve. The 3-way 
valve is operated by a float. DotTBLB-cHAUBiiR 
PUMPS (Fig 60 b). The chambers operate alter¬ 
nately, ‘the action of the pump being practically 
constant. Am bbquibbd. The press depends upon 
height lift. Press per sq in per foot of head ■■ 

0.434 lb; hence, the height to which a given air 
press wUl raise water ■ gage press -i- 0.434. 1 ou ft 

of water will be displaced by 1 cu ft of air at the required press, plus about 20% to cover losses. 
Ffflc of thsBS pumps is about 25%, which compares favorably wi^ effio of single-cyl direct-acting 
steam pumps. 






( 6 ) 

Direct Displacement Pump 


Small, air-driven cen'trifusal pumps are avulable for puinping water from sumps, 
shafts and low places in the workings; capacities to 200 gal per min, against heads to 60 ft, 
single-stage, and 200 ft, two-stago. 

Air-lift pump (See also Sec 13} (1, 2). The delivery pipe is partly submerged in the 
water to be raised. Compressed air is admitted to foot of the pipe. In a small diam pipe, 
the air forms piston-like layers, between masses of water; in a large one, air enters a num¬ 
ber of ports or nossles, mixing with water in form of bubblw. The water is raised partly 
by vis viva of compressed air, but chiefly by aSration and consequent reduction of sp gr of 
rising oolunm. This is not an efficient method of raising water, U conadered from a power 
ba^ only, but in its proper field it does unique service. 
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Snbmargmce if deptii below futfaoe of water at wfaicb eomprefeed air is admitted; 
PBB oxHT or stTBUBBOBMCia if ratio of submergence to total length of ddhrery pipe; it 
must be greater for low than for high lifts. For best range is about 66% for 20-ft 
lift (vert distance from surface of water to point of disoh), to 41% for 500<ft lift; aver, 
say 55-60%. 

Constmetion. Omerally, when the eross-eection of the well is large enough, the out¬ 
side air pipe system is used, in which the water discharge pipe and the air pipe are placed 
side by ade (Ilg 51, No 1 and 2). Where wdl space is limited, the air pipe is inside the 
water discharge inpe (Fig 52, No 4 and 5). Fig 52, No 3 shows a.typical footpiece. 



Fig 51. Air-lift Wells with Outside Air Pipes 


Efficiency of the air lift (60, 61). Causes of loss: (a) slippage due to rdative motion 
between air bubbles and water; (5) friction of the mixed air and water in discharge pipe; 
(c) friction in flowof water before air is admitted; (d) kinetic energy absorbed, due tp veloc 
of discharge. High discharge veloc tends to low chppage loss. Friction in ^e discharge 
pipe varies directly with square of veloc, slippage varying inversely with veloc. Losses 
(a) and (b) are difficult to measure; (c) and (d) are more or less under control. For 
economy, the veloc of discharge should be such as to minimise (a) and (6). Important 
variables affecting performance of the air-lift are: percentage of - submergence, lift, vol 
water discharged, vol and press of air. 

Air-lift calculations (1, 62, 63). Essential factors: Fo » ou ft free air per 1 gal water; 
h total vert lift, ft; H "* submergence, ft; C ■■ constant (pffio of gystem) (Table 26). 
Submergence governs the press required, which is greater for startiag than for running. 
The air-lift differs from other pumps in that the press required to raise a column of water 
depends on submergence (H), not on lift (5); H being actual head against which air press 
acts. To find starting air press, multiply'starting submergence by 0.434. Following 
formula closely approxinuttes results of practice: 


Va 


h 


Clog 


H-f34 

34 


For liquids other fiisa water, the genersl formula becomes; 

A X spgr 
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Fig 52 . Air-lift Wells with Central Air Pipes 


Values of C (Table 26) are based on best ratio of submergence to hft. As this can not always be 
secured, constants based on customary and best submergences are given in Table 27, for use in 
above general formulas. Actual pumping- or water- 
level in a well is seldom known in advance. It is cus¬ 
tomary to assume lift and submergence, based on 
experience, and pipe the well accordingly. When work¬ 
ing conditions are arrived at, the submergence is 
adjusted by raising or lowering the inpes until best 
results appear. 

Sice of diacherge pipe. <2 » 13.54 , in 

which d » inside diam of pipe, in; Q -■ vol of mix¬ 
ture of air and water, cu ft per min; v ■■ veloo of 
mixture m pipe, ft per min. 

With pipe of uniform diam, best diadharge 
veloc of the mixed air uid water, for lifts from 
40 to 200 ft, varies from 2 000 ft per min at 35% 
sulnnergence, to 700 ft per min at 70% sub¬ 
mergence. With tapered pipe, best discharge 
veloo is 1 400 ft per min at 35% submergence, 
and 550 ft per min at 70% submergence. Best 
veloc for the mixed water,and air at the bottom 
of the discharge pipe is 800 ft per min at 35% 
submergence, and 450 ft per min at 70% sub¬ 
mergence. 

Startiog pressure, Ps. ■* 0.434 J7m, in which 
Ps ■■ starting press, lb per sq in; JEfm ■■ starting 
aul^etgenoe, ft. 

Worldiig pressure, P^ -■ 0.434 P’s + P/> in 
which Pis w working press, lb per sq in; Ps ■■ 
working submergence, ft; P/ • friction drop in air line from compressor to footpiece, 
lb per eq in. 


Table M. Values for constant C 



Table S7. Submergences 


Lift, ft 

Customsry 
allowable 
submer¬ 
gence, % 

Best 
submer¬ 
gence. % 

20 -125 

50-70 

65-70 

125-175 

40-65 

60-65 

175-250 

40-60 

55-60 

250-350 

37-55 

50-55 

350-650 

37-50 

45-50 

650-7M1 

35-45 

40-45 


Ceaspeond slr-Uft is ouinly used in shallow shaft sumps. When the depth sUows about 25% 
suh|^irgeoee, watm' may be lifted halfway in one pipe and altowed to run back to the bottom of 
a<m|fer at eanm depth ae the first. This permits 50% submergence for s tUrd pipe, in which 
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COMPRESSED AIR FRACnCE 


WKter is raised to point of duchergo. In % deep sbaft, Bendigo, Austrsiie, mter was raised i& g 
series of lifts, s total of 1 385 ft, by air at 60 to 80 lb press (1). 

Tabls 18. Cost of Pumping with Air-lift (froin different sources, 1916) 


OuttUltp ; 
gal per min 

Lift, ft 

Cost of 
coal 

Cost per 

1 000 gal, i 

Output, 
gal per min 

lift, ft 

Cost of 
coal 

Cost per 

1 000 5 

2 775 

50 


0.33 

175 

W 


1.33 

2 775-f 

35 

32 

0.15 

595 


$1.50 

0.10 

925 

75 


1.00 

10 400 


2 

0.25 

2 000 

75 


4.50 

100 

50 

2 

4.50 

2 000 

50 


3.50 






Air-lift for water-worlcs. The strainer openings should be of such siae as to admit fine material 
into the well, whence it can be pumped, and exclude coarser particles, which form a natural gravel 
'filter outeide (Fig 53). BA.CK-BLOwiNa, applicable to all wells, requires sealing the top of well 
easing. By clwing the discharge pipe, air is forced through the footpieoe, and, driving the water 



Ilg 63. Well Constouotion under Different Conditbme of 
Water-bearing Sand 


through the strainer floats the finer sand. Then, by opening the discharge, the flow resumes its 
coune and carries some of the sand with it. The operation is repeated as neeeasa^, disoharging^he 
sand at the surface. 

Fig 53 shows 3 modes of equippiog wells: A has a proper strainer for a stratum of sand and gravd; 
B shows gravel collected around the strainer after the finer sand has been pumped out. The gravel 
strainer, which forms outside, increasea the inflow area, keeps the strainer openings dew, and 
increases output. C shows a water-bearing stratum of fine sand, into whit& gfavd is intithdueed 
through auxiliwy holes, drilled nearby and terminating in the sand, so that when the sand is removed 
by badc-blowing, the gravel enters around the strainer as before. 

Air-lift in conjunction with mine pumps (65) iq convenient as an auxiliary for drdnags. By a 
sifltable connection, live air ia turned into the pump eolumn, wUch thus becomes an air-lift Bxhgaiiat 
air firom a punq> bes been used for the same pu^oes, enabling the pump to work under a grOkter 
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head. Th« air^t win nswater ahafta to within a f«w ft of the bottom, after which ite ifiaoharge 
pipe urvee aa the permanent pump oolumn. 

Improrieed air*lift> (66) oan readily be made with materials on hand at may friant, by inserting 
a small air pipe in any eased well. Footpieoe is made by drilling holes, or cutting slits with hack¬ 
saw, in the capped end of the pipe. A snuiU drill hole in the bottom of the cap will let out sand 
that may work its way in. 

Uawaterisg mines with airofift. For this the air4ift is especially well adapted, because: 
(a) its capao oan be made very large; (h) aa the water level in the mine is lowered, the air 
and disch pipes can be extended more readily than the usual forms of pumps oan be moved 
to new positions. 

I. Glen Aldon 'Coal Co, Scranton, Pa (67). The Lackawanna River broke into the 
mine, flooding a pumproom containing five 5 000-gal electric pumps to a depth of 14- 
16 ft. Three air-lifts were installed, the first 2 discharging through 16-in pipes, the titird 
through a 12-in pipe. When the water in the pumproom was lowered, some of the mine 
pumps were started before the air-lifts were completely installed. Both pumps and 
air-lifts operated 3.5 months. It was estimated that the air-lifts raised 660 000 000 gal, 
discharging 2 360 gal per min. Initial submergence, 77%; final submergence, about 
20%; air press about 45 lb. 

II. An inclined shaft, Idaho-Maryland Mine, Cal (68), unused since 1914, was un¬ 
watered in 1920. Discharge pipe comprised 900 ft 10-in oil casing, 200 ft 12-in machine- 
wound wooden pipe, and 1 200 ft 4-in air pipe. Compressor capac, 2 200 cu ft free air 
per min. Clamps for supporting the pipe wore placed every 100 ft, and 2 1-in wire ropes 
were used for lowering. Dip of shaft to about 850 ft, 70°. At 700 ft, the pipe stuck, and 
water was lowered to 400-ft level, where a plunger pump was installed. By air-lifting to 
this level, the trouble point was reached, ^ter which the pipe was extended to 1 013 ft, 
the 800-level was unwatered, and a pump there installed. From 800 ft down, unwatering 
proceeded to 953 ft, at which point the air-lift could just handle the inflow. Three com¬ 
pressed-air plunger pumps took 2 weeks to lower the water 47 ft to the 1 000-ft level. 

The main air-lift unwatered the mine to a point 560 ft on the slope (519 ft vert), in 
about 1 month. Max capao attained, 1 450 gal per min, with 49% submergence and 97 lb 
air press. Capac dropped to 250 ^ per min 
w'ith 60-ib air and 18.3% submergence. Near 
bottom of the 10-in pipe, shaft flattened to 62.5° 
and then to 49.5°. For the portion from 560 to 
886 ft (282 ft vert), capac varied from 1 500 gal 
per min with 77 lb of air to 200 gal with 50 lb air; 
submergence. 19%. From 886 to 1 068 ft, water 
was raised in a 10-in pipe. Having heavy sub¬ 
mergence and small head, this lift had enormous 
capac; in one 24-hr period, the water was lowered 
50 ft on the incline. 

Elevating sands and slimes in concentrating 
and cyanide mills, and pxunping solution in cyanide 
treatment, ore special applications of the air-lift. 


18. WORKING m COMPRESSED AIR 

Caisson disease, compressed-air illness, or air 
embolism, is caused by a too rapid decompression 
after exposure to high air pressure for a time. It 
is characterised by’presence of free nitrogen in 
the tissues and body fluids, and by one or more 
of following symptoms: localised pain, vertigo, 
prostration, or symptoms referable to central 
nervous system (62). In sdecting men for work 
in compressed air, the essentisils are normal lungs, 
kidneys and heart; in the older men, blood pres¬ 
sure must not be hi^. 

In the East River tunnels, N Y, where eonetant 
xnedieid attendance was maintained, among 87 men 
oyer yaare old, there were only 3 easeeof compreea^- 
eb^iUaeaa; indicating that, for eound men, the queetion 
a aige mit y not be especially important. Me^ with moderate aqipoee tiaaue are not i 
oeptibls avm individual, but corpulent men should be rejected. 


Table S9. Cases of Compressed-air 
lUneaa, East River Tunnele, R T (62) 


• 

, Preea, 
lb 

Caaea 

Number 
of decom- 
premiona 

8-hr 

shifts 

15 

16 

17 

18 

19 

20 

21 

1 

1 

1 

2 

4 

4 

3 

73 956 

17 625 

93 333 

45 256 

66 997 

70 605 

65 074 

Two 2-hr 
shifts; rest 
interval, 2 hr 

22 

23 
. 24 

25 

26 

27 

28 

29 

0 

3 

10 

5 

19 

29 

96 

139 

19 187 

24 018 

17 009 

23 239 

42 458 

35 627 
102 651 

56 092 


30 

14 

28 538 

Two 2-hr- 

31 

36 

56 291 

ahifts; inter- 

32 

37 

41 356 

vol, 2 hr 

33 

50 

63 846 


34 

113 

7S III 


35 

16 

20 816 

Two 1.5-hr 

36 

8 

8 629 

ehifta; inter- 

37 

3 

3048 

val, 3 hr 

38 

3 

9 972 


39 

11 

13 253 
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Tfapentiira aad huaiility •ppsiwiti)' do not eonduoe to eomi»«ased>ur Ulneas, nlthough 
humi^ty incrmaes fatigue. Daring a period of very hot weathv, a lock at one ihaft of Kaat lUver 
tannel waa espoeed to the sun, causing iqtense heat inside the lock while men were decompraesing. 
This did not tend to illness, hut the men suffered from exhaustion after leaving the look. 


Hoots of Isbor and worUag pressure. In the East River tunnels, N Y, no cases of 
illness occurred until 16 lb press was reached, although by that time there had been 
188 496 decompressionB. Table 29 diows that, for workii^ press of 15--21 lb, there wore 
only 16 cases in 621 342 decompressions, wd as ^ were trivial, it appears safe to subject 
normal men to press up to 22 lb per sq in, for 8-hr shifts. 


Lengths of shift in Table 29 are actual hr of labor at tunnel face; total tima spent in compressed 
air, including decompression periods, waa considerably longer. 

Note that cases of illness reached their peak at 29 lb press, with 2 3-hr shifts. With the change, 
at 30 lb, to 2-hr shifts, the number of oases greatly decreased, but rose sharply at 34 lb. Had this 

change of shift been made at 29 lb, 
TaU# SO. Relative Caaee of Dlnesa la Subaqueoue instep of 30, ma^ the 139 cases 

Tunnela of Penn R R and Pub Service Commisaion, 

w ▼ iK 9 \ have been avoided. The benefit of 

XI I (o^} further change to 1.5^hr shifts, at 

35-39 lb press, is dear. The rdati'^y 
small number of deoompreesione above 
34 lb did not furnish adequate data, 
though the percentage of oases was 
not large. 

Tables 30, 31 cover a period of 
1 month (Compressed Air lUnese, 
Keays, 19()9). In die Pennsylvania 
tunnd work, less insistent medical 
■upervuion is indinted. 

Effect of gases in compressed-air 
illneae (See 23, Art 5). Carbon 
monoxide (CO) is so dangerous that it should be kept at not more than about 0.01 of 1%. COj seems 
to have no bearing on number of oases, except that it acederates respiration, thereby causing more 
rapid saturation of the Mood and tissues with nitrogen. During compression, the N absorbed by 
the blood increases approx 1% per each added atmosphere (14.7 lb). Haldane found that half 
saturation requires 15 min; nearly complete, 1 hr. Effort of labor hastens heart action and hence 
saturation. 

Table 31. Hours of Labor, in Tunnels in Table 30 


Tunnds 

Deeom* 

pranions 

Press, 

lb 

Cases 

No 

% 

Pena R R.... 


8 510 

40 

139 

1.630 



5 325 

41 

5 

0.(i94 



8 454 

42 

12 

0.142 

Pub Serv. 


5 730 

43 

6 

0.105 



4 702 

44 

1 

0.021 



.33 085 

45 

24 

0.073 


Pub Senr Comm tunnels 

Penn tunnel 

Press, lb 

Hr 

Shifts 

Press, lb 

Hr 

Shifts 

1-22 

8 

0.5 hr for lunch 

1-31 

n 

0.5 hr for lunch. 



Hr on 

Hr off 

Hr on 




22-30 

6 

3 

1 

3 




30-35 

4 

2 

2 

2 



Hr on Hr off Hr cm 

35-40 

3 

1.5 

3 

1.5 

32-42 


3 3 3 

40-45 

2 

1 

4 

1 




45-50 

1.5 

0.75 

5 

0 75 


HH 



In decompression, the above process is reversed. Supersaturated body tissues give 
off N ^ the blood, which, after desaturation by the lungs, takes up more N from the 
tissues. This goes on until equilibrium is reached at normal atmos press. If decom<- 
preasion be too rapid to permit the blood to carry to the lungs all the N freed from tissues, 
or if the lungs can not rid the blood of excess gas, nitrogen bubbles (emboli) form in the 
tissues and circulatory system, causing severe pain. This is the present tiieory of the 
cause of caisson disease. 

Symptoms, (a) Disturbances of central nervous system, due to pressure of the bub¬ 
bles upon brain or spinal cord ; (b) Unconsciousness or collapse, due to much gas distributed 
throughout the dreuiation; (e) Iiocalization of pain dex>end8 on the particular tissues 
invaded by the bubbles; (d) Vertigo, due to bubbles in the middle ear, or to disturbances of 
nervous system; (e) Dfflcult breathing, due to bubbles forced throxtj^ puhnonary mteries 
into the Itmgs (** chokes ”). 

Treatment Cases of illness ore usually rdieved reoompresai<m, but, if tlUa he. 
delayed in symptom (a), the nerve elements may be permanently injured. Symptom. (&>, 
with abdominal pain, may be serious, though prompt treatment should ftfoduee recovery. 
It is bdieved that illness could be limited to (e), if periods of labor are ^operly adjuffte^ 
and with sufficient time for decompression. * 
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Aaalysis of cum of Ulocn (52). In 1 361461 dccompraaaiona in N Y Pub Serr Comm tunnel 
work, there were 680 casee, of which: 61.8% were of localised pain (see above); 6.5%, vertico; 
1.6%, nerrouB eyetem. Only 1 ease of localised pain Qn abdomen, followed by eoUapee) was fatal. 
Of nervous eases, all but 2 reooveTed oompletely. 

Care la entering compreaaed air. To prevent blocking of ear passages, men should *' swallow " 
repeatedly; or, inflate the middle ear by firmly closing nostrils and mouth, and making « strong 
expiratory effort (Valsalva method). This equaliaes internal press and opens the Eustachian tubes, 
unless the individual has cold in head. If equidiaation fails to take place. Severe pain is caused by 
pressure on ear-drum, which may even produce rupture, 

Preeauffmu in " locking out." As a quick drop in press causes rapid fall in temp, men must be 
well clothed in the lock, to avoid chitling. While in the lock, they should exerciae, to stimulate dr- 
oulation, thus causing more rapid desaturation of N. 

Medical air-lock is a steel cyi, 0 ft diam by 18.5 ft long; one end solidly closed, the other having a 
door opening inward. It is divided into 2 oompartmente with a door in the partition opening to 
inner eompt, which contains a cot for use if necessary. The 
lock has elec lights and heater, telephone, clock, press gage, 

Uiermometer, and medical equipment. Press in either oompt 
can be regulated from both inside and outside. Doom have 
bull’s eye windows, for inspection from outside. 

When a patient enters the lock, air press is rapidly raised 
to that in which he had been working. This compresses the 
bubbles of N in the tissues, which are again taken up by the 
circulation. Careful decompression foUows in stages (details 
given below). In affections of spinal cord, ample time must 
be allowed for reoompresaion; a second or even third recom- 
preesion may be necessary. 

Regulations of R Y State Labor Dept. Rule 1161 limits 
the number of working hours in any 24 hours, according to 
air press in working place, as follows: 

(a) Not exceeding 22 lb press, 8 hr, with 30-min interval 
in open air; (6) 22-30 lb, 2 3-hr shifts, l>hr interval; (e) 

30-35 lb, 2 2-hr shifts, 2-hr interval; (d) 35-40 lb, 2 1.5-hr 
shifts, 3-hr interval; (e) 40-45 lb, 2 1-hr shifts, 4-hr inter¬ 
val; (/) 45-50 lb, 2 45-min shifts, 5-hr interval. 

On passing out of the working place. Rule 1152 requires 
stage decompression, in which a drop of half the max press 
is at rate of 5 lb per min; the remainder, at uniform rates, 
vgrying according to worldng press, as follows: (a) for press 
bdow 15 lb, minimum decompression rate is 3 lb per min; (6) 
for 15-20 lb, 2 lb; (e) for 20-30 lb, 3 lb every 2 min; (d) over 
30 lb, 1 lb per min. 

Rules 1153,1171 and 1172 specify equipment of the decompression look, and xequiiementa as to 
eanitatioa, ventilatioa and medical attendimoe, which can not be detailed here. 


19. MEASITREMENT OF COMPRESSED AIR (1, 2, 8, 9, 31) 

This is desirable for determining the air consumption of a drill, quantity of air flowing 
through a pipe, and the compressor output. The appliances, time and experience neces¬ 
sary for accurate measurement are sddom availaUe and their cost is rarely warranted. 
In most cases, an approx result only is obtained. 

Direct-reading meters are simple, compact, and well suited to field use. Fig 66 shows 
a meter with the scale calibrated to read directly in cu ft free air per min, when measuring 
air at 80 lb per sq in. A table of multipliers is furnished with the meter, for other prea- 
aurea. Aa the accuracy of this type of meter is affected by pulsating flow, smaU receivers 
should be placed in the line both before and after tihe meter, to minimise pulsations. 

Water displacement maters (Fig 66) are sccurste, but, due to their aise, are suitable 
only for permanent installation. 

Fig 56 shows a meter with 2 tanks, 2 ft diam by 4 to 5 ft high, connected at the bottom by a 3-in 
pipe, and about half filled with water. Each has a gage glass for observing the water level, and in 
top of each is a pipe and 4-way valve. When the valve is set as shown by. the full line, water in 
ri^t-faand tank ia forced into tiie other by air pren, and the air in the latter is driven out through 
Uie valve to the machine being tested. When the water level reachee a dafinite point at top of gage 
glass on left-hand tuikt the vidve ia thrown to position shown by dotted lines. Then the proeese ie 
reveneo, the air in right-hand tank paasing to the maohine under test. The number of timee eadi 
tank ia emptiad in a given period shows yoluine of eompreaasd sir used, expressed in eu ft frM air 
by the formula, PiV\ P » F, ia whioh Pi ■■ aba pres s of eompraaasd ah, Fi ■■ its vtd. P and 
F ■■ baron proas and voi of freo ah. 

Vgattui'vigtgrg are inaorted in pipe linep for measuring the air. They eauae a oom- 
parativaiy ■nail prM loes. They are usually fitted wiA a recording gage, the accuracy of 
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COMPBESSED AIR PRAC3TICB 


irliiGh ia afFeoted by pulsating flow. The following formula is by Q. A. Goodanough: 

-/PA*"" 


Q - 1292 


/"PA**' 

\Fi) “ VpI/ 


y/A. 


in udiich Q — flow of air, cu ft per min, 68® P, 14.7 lb per sq in,'and 40% relative humidity; 
Pi — wtranoe press, lb per sq in abs; Pa * throat press, lb per sq in abs; Tt ■" entrance 
temp, abs; A » area of throat, sq in; 2> « throat diam, in; TF i* wt of air ficnwing per sec. 

_ Orifice meters (Fig 57), with recording gage, are 

compact, easily in^alled and suitable for all usual 
pipe sises. Their accuracy is effected by pulsating 
flow. The following formula is by S. A. Moss 
(Trans AS ME, yol 60): 

19.WD*CT, ^ j(Pi- Pt)Pi 
^ " Pa ^ Ti 
in which 0 — cu ft free air flowing per min, at press 
Pf and temp Tt; D smallest diam of orifice, in; 
Tt ■= abs temp, * F, at upstream side of nozzle; Ts *« 
abs temp, ® P, at wUch vol of air delivered is expressed, 
usually atmospheric; Pi = total abs press, lb per sq 
in, at upstream side of nozzle; Pi » abs static press, 
lb per sq in, at downstream side of nozzle; Pa »■ 
aba press, lb per sq in, at which vol of air delivered 
is expressed, usually atmospheric; C = coef of dis¬ 
charge, which must bo known for each orifice. For 
well-rounded orifices, C varies between 0.95 and 
0.09; for sharp-edged orifices, approx 0.6. Constants 




Fig 56. Diaplaoement Tank Apparatus 



ConiwctioM 

to mzaomaicr 


Fig 65. Direct-reading Air Meter Fi* 57. Orifice Meters for Pipe 

(New Jersey Meter Co) Lines 

C are based on air containing 0.57% moisture by wt. The formula ia accurate to within 
2% when Pj — P| is less than 10% of Pi. 

Non-pulsgting flow, as produced by centrifugal compressors, can be more accurately 
measured. Properly calibrated Venturi and orifice meters give good results. On the 
Rand, where many centrifugal compressors are installed, a large number of meters of tiie 
“ wei^ted-gate ” type are used. In these a movable gate changes the Mze of onfioe for 
different volumes of flow (1). 

Measuring air-«ompressor output accurately requires considerable time^ and earful 
attention to the apparatus used. The procedure and precautions are outlined in " The 
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K-/-- 

PolM amo^ 


C“Plpe thread J-noienatoo 

Brtgff alaodacd aeroaa llaia 

cat to atd gave 

Approi mia and aiax air capae In lablea baaed 
on noaale men of 10*and 40'ot water.ao” bara- 
neter. IMTaoeale temp, TO*intake temp 



(a) 

Fig 59. 


(b) 

Standard Noaalee for Compreeeor Teata 


Sizes in inches (Type a, Fig 59,) 

Min cap 
free air 
ou H/ 

min 

Max cap 
free air 
eu tt/ 
min 

D 

A 

B 

D 

E 

■a 

0 

■I 

■a 

B 

■1 

Vs 

Va 

126/82 

1 1/2 

I»/16 

6/4 

2 i 

21/4 

1.9 

mm 

1/2 

.988 

1.98 

Vw 

Vie 

1 11/16 

11/2 

l«/ie 

»/< 

2 j 

21/4 

i.9* 

1/8 

1/2 

2.235 

4.45 

1/4 

w/ss 

112/82 

11/2 

1 */ie 

8/4 

2 

21/4 i 

1.9 

6/82 

1/2 

3.95 

7.91 

»/8 

Vs 

1»/8 

11/2 

19/16 

8/4 

2 

21/4 

1 

1.9 1 

1/4 

1/2 

8.89 

17.8 

Vs 

W/16 

1 Vie 

1 1/2 

19/16 

8/4 

2 

21/4 

1.9 

6/16 

1/2 

IS.8 

31.6 

»/4 

11/4 

1V8 

2 

16/8 

16/16 

28/8 

21/2 

23/8 

1/2 

1/2 

35.6 

71.2 

1 

m 

*/4 

2 

m 

16/16 

28/8 

21/2 

23/8 

6/8 

1/8 

63.2 

127 

l»/8 

21/4 

1/8 

3 

21/2 

■1 

2 8/4 

38/4 

31/2 

Vi 

8/4 

mm 

239 

2 

31/4 

1/8 

4 

31/2 

11/2 

38/4 

43/4 

41/2 

11/4 

mm 

253 

506 


Siaee in inches (Type b Fig 59) 

Numbor 

of 

Standard 

flange 

Max cap 
free air 
Ctt ft/ 

min 

Min cap 
free air 

D 

A 

B 

c 

H 

B 

OD 

BC 

bolts 

aise 

mm 

21/8 

6/8 

Vl 

7/8 

21/2 

1.5 

13.5 

11.75 

B 

in 

780 

390 

3 

6/6 

1/2 

7/8 

3 

1.8 

13.5 

11.75 

n 

mm 

1140 

570 

4 

6/8 

Vs 

m 

4 

2.4 

16.0 

14.25 

12 

10 

2 020 

1 OiO 

5 

Vi 

Vt 

B 

5 

3.0 

19.0 

17.0 

12 

12 

BEl 

1 590 

« 

,*/4 

Vs 

1 Vs 

6 

3.6 

21.0 

18.75 

12 

14 

4 510 

2260 

8 

7/8 

Ve 

11/4 

6 

4.8 

27.5 

25.0 

20 

20 

8 100 

4 050 

10 

imi 

8/4 

18/8 

8 

6.0 

32.0 

29.5 

20 

24 


6 350 

12 

m/8 

V4 

18/8 

8 

7.2 

38.75 

h:o 

BTB 

30’ 

18 200 

9 too 





































































































































































































MEASUREMENT OF COMPRESSED AIR 


15-53 


Teat Code for Redprooatios Compreason,” by the Amer Soc of Meeh En^, eud in. the 
“ Stendarda of the Comprmsed Air Inatitute,” of the U S. The prooedule outhned in 
theae publioatioiui ahould be followed. The flowiii< air ia measured thtoui^ a low-preaa 
orifice, after the jHilaations have been dampened in a receiver and noaale tank. Itg B8 
ahotro a typical aet^p. The formulae given above for orifice meters may be uaed. Fig S9 
shows dimenaons of standard nossles for such tests. 

Measuring leakage In air lines. A rough method ia to find the percentage of oom> 
pressor capao required to miuntain press, when no air is being used. A meter in the main 
line can also be us^ to determine leaka^. A more accurate method of testing leakage, 
with a low-press noszle like that used in a compressor capac test, is shown in Fig 60 (49). 
Air flows from the receiver and through valve A to tank B, and then out through orifice F. 
At i> is a water manometer E. Temp in the tank is taken by a thermometer at C. The 
orifice has a smooth, rounded inner surface, as in Fig 59. 



Fig 60. Apparatus for Testing Air Lines 

To determine the leakage: Qoee valve L on air line. Regulate compressor so it will not unload 
at preas at which test is to be made, and discharge all the air through orifice F. Adjust valve A 
until the compressor exactly holds the desired press. When press ia constant, the meter shows the 
vol delivered at that press. Then, on opening valve L, the air line and meter are in parallel. Read¬ 
just valve A until receiver press is again constant at desired value. Compressor ia now delivering 
same vol as when all air was discharged through F, with some leaks from air line, the rest gmag 
tbrougn F, where it ia measured. Difference between first and second readings ia the vol of leakage. 

Table S2. Diicharge of Aim to Atmoa Through an Orifice (" Comp Air Data ”} 

In cu ft per min at 14.7 lb per sq in atmoa press and 70* F 


Diam of orifice, in 


fioe, Ib per 
sq in 

1/64 

Vm 

1/18 

1/8 

1/4 

S/8 

1/S 

6/8 

*/4 

7/8 

1 

1 

.028 

.112 

.450 

1.80 

7.18 

16.2 

28.7 

45.0 

64.7 

88.1 

115 

2 

.040 

.158 

.633 

2.53 

10.1 

22.8 

40.5 

63.3 

91.2 

124 

162 

3 

.048 

.194 

.775 

3.10 


27.8 

49.5 

77.5 

III 

152 

198 

4 

.056 

.223 

.892 

3.56 

■ SI 

32.1 

mxM 

89.2 

128 

175 

228 

5 

.062 

.248 

.993 

3.97 

■n 

35.7 

63.5 

99.3 

143 

195 

254 

6 

.068 

.272 

1.09 

4.34 

17.4 

39.1 

69.5 

109 

156 

213 

278 

7 

.073 

.293 

1.17 

4.68 

18.7 

42.2 

75.0 

117 

168 

230 

Kill 

9 

.083 

.331 

1.32 

5.30 

21.2 

47.7 

84.7 

132 

I9i 

260 

339 

12 

.095 

.379 

4.52 

6.07 

24.3 

54.6 

97.0 

152 

218 

297 

388 

15 

.105 

.420 

1.68 

6.72 

26.9 

60.5 

108 

168 

242 

329 

430 

20 

.123 

.491 

1.96 

7.86 

31.4 

70.7 

126 

196 

283 

385 

503 

25 

.140 

.562 

2.25 

8.98 

35.9 

80.9 

144 

225 

323 

440 

575 

30 

.158 

.633 

2.53 

10.1 


91.1 

162 

253 

365 

496 

648 

35 

.176 

.703 

2.81 

11.3 

45.0 

101 

180 

280 

405 

551 

720 

40 

.194 

.774 

3.10 

12.4 

49.6 

112 

198 

310 

446 

607 

793 

45 

.211 

.845 

3.38 

13.5 

54.1 

122 

216 

336 

487 

662 

865 

SO 

.229 

.916 

3.66 

14.7 

58.6 

132 

235 

366 

528 

718 

938 

60 

.264 

1.06 

4.23 

16.9 

67.6 

152 

271 

423 

609 


1082 

70 

.300 

1.20 

4.79 

19.2 

76.7 

173 

307 

479 

690 

939 

1227 

60 

.335 

1.34 

5.36 

21.4 

85.7 

193 

343 

536 

771 

1050 

1371 

90 

.370 

1.48 

5.92 

23.7 

94.8 

213 

379 

592 

853 

1 161 

1516 

100 

.406 

1.62 

6.49 

26.0 

104 

234 

415 

649 

934 

1272 

1661 

no 

.441 

1.76 

7 05 

28.2 

113 

254 

452 

705 

1 016 

1 383 

1806 

120 

.476 

1.91 

7.62 

30.5 

122 

274 

ASS 

762 

1 097 

1 494 

1951 

125 

.494 

1.98 

7.90 

31.6 

126 

284 

506 

790 

1 138 

1 549 

2023 


Values are based on 100% coeff of flow. For weU-rounded entrance orifice, multipfy by 0.07; 
for abmp-edged orifice, multiply by 0.66; results are appros. 
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' COllPRESBED AIR FSACTICE 


Loi* of powor doo to leolntgo (50). At s mining plant tested, oonaisting of two 
1 700-cu ft crosa-comp non-condensing steam-driven compressors, supplying hoists, pttmps 
and drills, one pump was operated by air oontinuouBly, for.whidi purpose jweesure was 
alws^ maintained in the entire system. 

Bsstilts of peat: Aver oomprcmor ddivery during working periods, 1 960 cu ft per min; aver hp 
input, 340; flow of eompreu^ air to supply leaks, 950 ou ft per min; bp to supjdy le^, 157; total 
power cost per year, $18 200; power cost per year to supply leaks, $12 400; power cost to supply 
machines using the air, $5 800. * 

In another ease, a pump of 200 gal eapao ran 24 hr per day against a 30-ft head. For the pump 
only, the compressor input was 105 hp; whereas, with no leakage, the pump oould be run by 13 hp. 
At a press of 70 lb sq in, 20 ou ft of air per min will escape through a l/g-in hde. 


20. MISCELLANEOUS APPLICATIONS OF COMPRESSED AIR 

Ore sticking in bins has been succesEduI^ freed by s compressed-air poke rod, consist¬ 
ing of a nossie in the end of a pipe which is thrust into the bin. Wet slimy ore has also 
been freed by a series of 11 / 4 - to 2-in pipes on 'the sides and bottoms of the bins, with 
i/s- to 1 / 4 -in orihces (13). A noszle spraying a mixture of compressed air and castor oil 
from a line oiler has l^n used to remove dust from a mine heading after a blast. .Castor 
oil doeis not create a fire hazard (14, 42). 

Mine lamps are cleaned by compressed air at Alliance Colliery, Kasha, Pa, of Lehigh Nav Coal 
Co more quickly and thoroughly than by hand (15). 

Mines at Kalgoorlie and Broken Hill, Atistralia, use compressed air to ventilate dead-end head¬ 
ings. A t/is-in jet in a 6 -in Venturi induces 600 cu ft per min of air, which moves to the working 
face 500 ft away. With a 10-in Venturi, the air will travel 1 000 ft (18). 

In the Hollinger Consol Gold Mines, Timmins, Ont, ethyl mercaptan is distributed through 
compressed-air mrins to warn miners of fire in the workings or near a shaft (19). 

In driving a sewage disposal tunnel, 11 ft 9 1/2 in diam, for the Minneapolis-St Paul Sanitary 
district, the heading-and-bench method was used. The face was undercut in sandstone by high- 
press air issuing from a 5-jet manifold, at end of a S/ 4 -in pipe, and then advanced 4 or 5 ft with 
pick machines before another undercutting. No blasting was necessary (30). 

21. MAKERS OF COMPRESSED-AIR MINE EQUIPMENT 

Compressors for Mine ^Service 

United Statee and Canada 

Allis-Cbalmers Co, MUwaukee, Wis; Bury Compressor Co, Erie, Fa; Chicago Pneumatic Tool 
Co, New York; Fuller Company, Catasauqua, Pa; Gardner Denver Co, Quincy, Ill; Hardie 
Tynes Mfg Co, Kriningham, Ala; Ingersoll-Rand Co, New York; The Norwalk Company, South 
Norwalk, Conn; Pennsylvania Pump and Compressor Co, Easton, Pa; Boots-Connersville Blower 
Corp, Connersville, Ind; Sullivan Machinery Co, Michigan City, Ind; Worthington Pump and 
Machinery Corp, Harrison, N J; Canskdian Ingenoll-Rand Co, Sherbrooke, Canada. 

Great Britain 

Alley A MacLellaa Ltd, London; Beilis A Morcom, Birmingham; Broom A Wade Ltd, London; 
dimaz Rock Drill A Eng Works, Cam Brea, Cornwfdl; Consol Pneumatic Tool Co, Fraserburgh, 
Scotland; Daniel Adamson, Manchester; Hick Hargreaves A Co, Bolton, England; Holman Bros, 
Broad St House, London; Reavell A Co, London; Armstrong (Sir W. Q.) Whitworth A Co, New- 
castle-on-Tyne; Peter Brotherhood Limited, Peterborough, England; Browett A Lindley, Letch- 
woi^, England; Ingersoll-Rand Co, Manchester; Tilgham's Air Compressor Co, Altringham, 
EngUsd; Wilson, Alexander, Aberdeen, Scotland; Worthington ffimpson, Newark-on-Trent, 
England.. 

Continent of Europe 

Demag, Duisburg, Germany; Flottmann A G, Herne. Germany; Fma/Pokorny, Frankfurter 
Maschinenbau A G, Frankfurt on Main; Klein, Schanslin A Becker Aktiengeseilschaft, Franken- 
thal; Germany; Maschinenbau A G, Frankenthal; Neumann A Eeser, .kaohen; Rheinmetall- 
Boraig A G, Berlin; Zwioksuer Masofainenfalxrik, Zwickau in Sachsen; Ailing, C K, Copenhagen, 
Danmark; Atlas, Copenhagen; J. Kruger, Copenhagen; Dansk Trykluft Kompagnie, Copen¬ 
hagen; Espholine Maskinfabrik A/S, Copenhagen; Henning Klee, CopenhaiRin; V. Lowener, 
Copenhagen; A B Atlas Diesel, Stockholm, Sweden; Ateliers de Meudon, Meudon, France; 
Crep^e, Lille, France; Dujardia, liUe; Rateau, Paris; Sebia, Paris; Spiros, Paris; Konigsfelder 
Maschinenfabrik, Brusin, Germany; Skoda-Werke A G, FUsmi; Witkowitser Maohinenfabrik, 
Witkowits. 

Rock DrUle for Mine Seniee 

United Statee and Canada 

Chicago Pneumatic Tool <3o, Chicago and New York; Clevdand Pneumatic Tool Co. Cleve¬ 
land; Gardner-Denver Co, Quincy, Ill: Tngfnoll-Rand Co, New York; Sullivan Machinery Co- 
Claremont, N H; Worthington Pump A Machinery Co, Harrison, N J. 
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Qrmit Europe and So A/riea 

AUaa Diaid Co, London; Biitkb Flottmann Drill Co, Cardiff, Widen; Broom A Wade Ltd, 
High Wycombe, Eni^nd; ^maz Rook Drill A Eng Works, Johanneeburg, l^nsvaal; CUmaz 
Rook Drill A Eng Works, London; Consolidated Pneumatie Toed Co, Fraserburgh, Sootlgnd, 
Consol Pneumatic To<d Co, Johannesburg; Delfos Ltd, Benoni. Transvaal; Holman Bros, London; 
IngersoU-Rand Co, London; Ruston. W A Co, Sheffield; Scott, F A Son, Sheffield; Sullivan 
Machinery Co, Transvaal; Ateliers de Meudon, Meudon, France; Demag A G, Duisburg, Oer> 
many; Flottmann A O, Herne; Fridich A Kluirfel, Barmen; Krupp Kraftwerkaeug-Vertrieb, EsMn, 
Germany; A B Atlas ^eecl, Stockholm, 
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ELECTRIC POWER FOR MINE SERVICE 


1. PURCHASED POWER 

Electric power may be purchased from Public Service cdmpanies in moat coal and 
metal mining regions, usually at a lower cost than by the operation of an isolated plant 
(1) and can be supplied to stationary motors at any required voltage. Direct cur> 
rent is required for traction haulage, coal cutters and storage battery charging. Rate 
schedules for altwnating current usually include a demand cha^'ge, eithOT expressed, or 
made a part of the energy charge, based upon integrated peaks of 5-15 minutes’ duration, 
oir on momentary peaks as created by hoists. Demand is usually expressed in k v a; 
energy, in kw^hr. Totid cost varies from 0.9 to per kw-hr. Power factor, load factor, 
delivered voltage and quantity used affect total cost. 

2. CHOICE OF CURRENT AND VOLTAGE 

Extent of territory to be served and density of load should determine volta^: 260 
volt d 0 is preferable for underground use, because of safety; 600 volt is more effic in large 
mines or where loads are heavy (but certain states prohibit its use in new operations); 
220, 440 and 2 200 volt a c can be applied to stationary motors and transformers; for 
lighting at shaft bottoms, and in pump and hoist rooms, a c at 110 volts. For under¬ 
ground a-o transmission, 2 200, 4 000 and 6 GOO volts usuidly meet requirements, though 
higher voltages can be used if necessary. 

3. POWER PLANT (see also Sec 40, 42) 

Steam power is now rarely used at large metal mines, but has definite though limited 
application at coal mines where there is an abundance of waste fuel or unmarketable coal. 
Parts of certain coal seams contain impure bands that must be rejected, or that are not 
amenable to cleaning, but that can be burned under boilers with special firing equipment. 
In some districts there is a very limited market for the fines, and it may be more economical 
to bum at point of production. The boiler water problem can usually be solved in any 



100 200 aOO 400 GW 

Brake Horse Power 

Fig 1. Test of Diesel Engine 


district. Such plants can be economically connected electrically to existing utility cir¬ 
cuits; costi $60-$100 per kw of capacity. 

OU-bundsg exigines are being widely installed where purchased power is not available. 
Engines of the Diesel type, now built from a few hp to 10 0(X) hp in sinid^ units, have 
been so perfected that tiiey are as reliable as the steam engine with its boiler and auxiliaries. 
The modern oil engine will burn practically any liquid fuel, from kerosene to heavy tar 
oils, provided the latter sure heated sufficiently to enaUe the fuel pumps to. handle tiiem. 
Fuel is'bumed directly in the cylinders, avoiding the weU-known losses in the steam plont. 
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Total ihotmol «ffie of the oil ensue is approx 34-36%, as asainst about 10% effid of boiler 
and steam eafpua. The builders usualiy guarantee an oil oonsumption of 0,41-0.5 lb 
per hp hr. 

Ignition of the fud oil is direetljr by best of oomprauion of the charge of air in the cyl, as the 
oil is sprayed into it. The atomised spray, ebming into oontaot with the hot air, wtdoh is at about 
500 lb press, has a temp of about 1000" F. There is no explosion in the cyl; after ignition during 
the first part of the stroke, the oil*vapor expands and acts on the piston at nearly constant press 
until the exhaust port is opened (See 30, 40). 

Coiamercial oil engines are: 4- and Z-eyeie, single-acting; 4- and 2-cycle, double-acting. They 
are dso desigaated, with reference to deai^ cd the piston, as: crosshead type, which is the more 
reliable for heavy duty and constant work; trunk type, which is longer, but requires lower head- 
room, and costs lees. Oil engines are also dassified as: aib-imjxction, which reqvure an air com¬ 
pressor to atomise the fuel oil (the oompreseor power being usually from 8 to 10% of the engine 
power); Boun-iNjxcnoM, which have no compressor, the oil beiqg injected into tlie cyl by a pump. 
The latter type is probably best for the smaller sise engines (Sec 30). 

Colt of a fiOO-hp oil engine, directiy connected to an arc generator, with exciter, switch¬ 
board, piping, auxiliaries, foundation, freight and erecting, delivered in central portion of 
U S; is (80-4W per hp, depending upon type of engine, station equipment, and the cooling- 
water supply, which costs more if cooling towers are required, instead of allowing the 
water to go to waste. 

Atteodancs required is less than for steam plant, since there are no boiler and yard, crews, and 
no handling of ashes. Fuel can be stored in tanka by pumping or gravity flow from tank cars, 
with no loss or deterioration. 

Conclusions. Oil engines are ideal for mining plants. They require small space, there are no 
standby losses, as all costa except fixed eharges atop when engine is shut down, and should produce 
power for about 1.5-3^ per kw-br. (For more details as to sisea, costs, effic and thermodynamic 
operation of oil engines, see Sec 39. 


4 . SUB-STATIONS 

Sub-iUtioiis: OvTDOOB sub-stations (not inclosed), for transforming a o to » 
higher or lower voltage and for controlling the various circuits. In general, they com¬ 
prise transformers, oil switches and lightning arresters, mounted on a concrete foundation 
with a steel structure to support disconnecting switches, bus-bars and transmission cir¬ 
cuits. For a small sub-station, the entire equipment can be mounted on wood poles. 
Inooob sub-stations are usually small fireproof buildings, housing motor-generator sets 
(Sec 42, Art 6), rectifiers, or rotary converters (Sec 42, Art 11), with the necessary control 
for converting a c to d c for use underground. The d c is carried underground from these 
stations by suspending cables in diafts or boreholes. ' UNDBaoBOUND sub-stations are 
used to house step-down transformers, rectifiers, motor-generator sets and rotaries. Hous¬ 
ing should be fireproof and adequately ventilated. When oil is used to cool transformers, 
or in switches and similar equipment,‘provision is made to entrain the oil in case of leakage. 
Mbboubt ABC BBOTtriBBS have advantages of high effic, high momentary overload capac 
and portability, and make them attractive conversion Units for mine service. Two types, 
multiple anode and single anode (ignitron), are available. For installations inside the 
mine, the rectifier and auxiliaries are usually in 3 units, each mounted on its own 4-wheel 
truck. One truck carries rectifier, heat exchanger and vacuum pumps; another carries 
transformers (filled with non-combustible liquid dflelectric to avoid need for fireproof 
vault) and an oil circuit-breaker; and the third, a direct-current automatic reclosing 
circuit-breaker, also relays and meters. As each truck is permanently wired as. a umt, 
the entire sub-station equipment may readily be moved on the mine track after breaking 
a few electrical connections. Fig 2 shows compabativb efticibncibs of the types of 
oonveraion equipment, any of which can be arranged for automatic operation.- 

Antomafie eontr<d is successfully applied to all mib-etation equipment, and its cost is 
fully warranted by saving in labor and increased, reliability of operation. 

Ifotor-geaemtor lets should be used where Acre is variation in the are supply, or 
where it is desired to create over-compounding of d-o, to compensate for voltage drop due 
to line resistance. By increasing the excitation of the'syuchronous motor field, a leading 
power factor can be created that in many cases has consideraUe value (Sec 42). 

Rotary convortsrs have higtwr effic than motor-generator sets, and will stand severe 
momentary ov^oads without injury, but the d-o voltage varies with tiie aro vdtage. 
They operate at about unity power factor and give no correction to the system. 

CoauBtttatiag-p<Ao typ* of rotary converter (Sec 42, Art 6) is especially adapted to 
wiins lervioe, beoause of its enormous overload capacity. For load factors of 30% and 
less,, w diinb are wwH at mines, it is commmi to' use wb-atation apparatus which will 
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av«ri«e half load and oecaaionally carry paaka of 60% overload. With oommutatiBgHpole 
rotariea, the machine may be operated near its rated eapaeity, carrying the peaks at over¬ 
loads of 200%. This gives much higher aU-day ^o and satisfactory service, wiUi a 
machine of half the usual sise. These machines may be obtained as stwidard in aises of 



Per cent load 

Fig 2. Effiriendes of Conversion Equipment 


100 kw and up for 60 cycles and as snudl as 300 kw for 25 cycles. They are usually con¬ 
nected O-phase and Bave remarkably good effic; the 150-kw, 60-cycle, 275-volt machine 
attaining 94.7% at 1.5 load, and 03.6% at 0.75 load. 


6. TRANSMISSION LINES (see also Sec 42) 

Calculation of d-c S-wire circuits: if J current in amperes, or watts volts; 
L ■■ length of transmission, ft; V ■■ volts lost in transmission; then circular mils in 
conductor -> (22 X / X X) + V. . 

For haulage work, where the track forms the return circuit, the rail capacity should be 
at least equal to that in trolley and feeders. Steel rails in general have 12 times the 
resistance of copper, and for 2 rails will be equal to 20 000 cir mils of copper per lb, per yd. 
Thus, a track of 40-lb rail will be equivalent to 800 0(X) cir mils. When capacities of wire 
and rail are unequal, the drop in each should be figured seimrately, using the formula 
F^llX/XZi-t-cir mills, in which case V is the drop in half the circuit. If the load 
is distributed, L represents aver distance. 


Table 1. Distances to which lOO-kw S-phase power can be transndtted' at different 
potentials, assuming energy loss of J10% and a power factor of 86%. Distances are 
proportional to squares of voltages and inversely proportional to the kw 




Voltages 









wire 

dreulw 

2 000 

3 000 

■ 4 000 

5 000 

6 000 

8 000 

gage 

mils 








ENstasce of transmission in miles for various potentials at receiving end 

6 

26 250 

1.38 

3.11 

5,53 

8.65 

12.5 

22.2 

5 

33 100 

1.75 

3.93 

7.00 

10.9 i 

15.7 

28.0 

4 

41 740 

2.20 

4.96 

8.80 

13.8 

19.8 

35.3 

3 

52 630 

2.77 

6.25 

II.I 

17,3 

25.0 

44.4 

2 

66 370 

3.50 

7.88 

14.0 

21.9 

31.5 


1 

83 690 

4.41 

9.93 

17.6 

27.6 

39.7 

» e e • 

0 

105 500 ‘ 

5.58 

12.5 

22.3 

34.9 

50.1 


00 

133 100 

7.02 

15.8 

28.0 

43.9 

a . . . 



167 800 

8.85 

19.9 ' 

35.4 

55.3 


ew » m 
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Ckloitlation of dunt S-jdiase tnuumiaaion dreuitB, capacity nagleoted: 

■i Volta, line to neutral at generator end; e, m Volta, line to neutral at reeeivCT end; B « 
^8e Tolte phaae to phaae; S ■■ Reeiatanee of one eonductor, ohma; X m Reaotanoe of one 

ThrM*phMM WAtte 

eonduotor, ohma; / Conent per jdiaae; • ” power factor ooe 4;poww 

loaa ■> 8 J*ll; ■■ (ap ooe 9 +'JR)* + (ar aini • + IX)K Coe • and ain • oorreepond to the power* 
factor angle at the receiver end. For leading power-factor, ain 9 will be negative. 


Permiaaible loneg may be determined from atandpoint of economy in tranamiaoion or 
from operating conditiona. It is common practice to figure all d-c lines with a loaa of say 
10%; but large saving in transmiaaion coat may be effected by considering that, aa a 
generd rule, for best economy the value of power lost should approximately equal the 
INTBBBST charges on the conductor. 

Bxampla. Aaaume fiOO-kw aver load id 600 vdta, ddivered 1000 ft with 5% leas. With 
power coating 2^ per kw-hr, this loH amounta to 14 320 per year. The required copper, from above 
data,'ia 5 200 lb, which, at will cost $780, and intereat on this coat at 6% is $46.80. Total yearly 

cost d ddivering tlds power is $4 367 per year, of which the intqreet charge is about 1%. It is 
evident that a much larger investment In copper with a reduced power loss wouid be more economi¬ 
cal. For trial, assume 5 times as much copper, with 0.2 as much power loss. Intereat charges will 
then be $234, power loss $864, and totid transmission cost is $1008, a saving of $3 26B per year. 
Evidently a saving of about $200 might be effected by still further reducing the loss to about 0.5%, 
but this would invedve an investment of about $4 000 for added copper. On basis or cost the 
investment in above eases would be large, aa the copper required lot least annual cost would be 
nmurly 0 000 000 cir mils. An even larger installation would theoretically be justified were the 
power cost higher or copper cost lower; on the other hand, with power cost halved, the sise of 
conductors would be halved. 


From opsBATiNO point of vibw, it is advisable to allow not more than 33% drop at 
max load, which permits satisfactory operation of mining machinery under the worst 
conditions, and at lower loads conditions will be greatly improved. This appears an 
excessive drop, but voltmeter records at a large number of mines show max drop of 50% 
and over. With lO'hr load factors of 20 to 30%, this max loss represents an aver loss of 
6.6 to 10%. With potentials of 300 to 600 volts at the mine openings, the minimum 
voltages underground will be 200 to 400, which will give satisfactory operation of machinery 
designed for 220 and 500 volts. The low cost of power, usual in coal mining, makes a 
large copimr investment inadvisable. 

With a-c transmismons, full-rated voltage should be maintained, since output and 
torque of induction motors vary as the square of the applied voltage. With stepMlown 
transformers and where reduced voltage taps may be used, line drops of 10 to 15% may be 
advisable; but, in genp'al, and particularly with synchronous converters, it is best to 
design transmission lines for not over 5% drop at rated capacity, which should be taken 
as the max 16-min integrated peak. Where this is not known the continuous rating of 
primary apparatus connected may be used. 

Construetion. Location of transmission lines for dther do or ac should be con¬ 
sidered relative to accessibility, economy, and safety. 

Accessibility for inspection and repairs is of first importance, and if conditions permit 
location near a road, it pays to make a considerable detour, as it will facilitate finding 
sources of trouble. In cose of ground or short circuit, a repairman can cover the ground 
in 0.2 to 0.5 the time if on horseback or with automobile. In many cases, particularly in 
coal-mining districts, a mile or more added length of line will give advantages worth many 
timra the first cost. If such location is not available, lines should be straight as possible; 
should have dearance of at least twice the line spacing over or under any other lines; and 
through towns or vfllages should be kept high (30 to 40 ft), because if low, short circuits 
and groundings may be caused by objects thrown over the wire. 

Poles and cross-arms (Sec 42, Art 14). Steel cross-arms and pins are best, as the life 
of wood wms is shprt, unless treated, in which case the cost will approach or exceed that 
of sted. The Bo-arrow and sinular constructions are light, strong, cheap, and do not 
requm gaining and weakening a wooden pole. Steel poles or towers are common for long 
high-voltage lines, with spans of 200 to 500 ft. For ordinary mining work, wood poles 
axe satisfactory for spans of 100 to 125 ft, where wires are not larger than No 0. 

To a pdnt 1 ft above groond, the butts of wood poles should be treated with creosote or other 
preser va tive. All jmnts and whmver poles are drilled or out should be similarly treated. Where 
tNueh or gnwB fiim are expeeted, place concrete around pole to height of 2 ft, or protect base with 
rock, or, if isonditions justify, iwe steel p<des. 

Lightiiiag anFMters (Sec 42, Art 13), for protection of sub-stations, should be made 
up of’’capaeitorB and f^table station or line-type arrestotii. 



16-06 


ELECTRIC POWER FOR MINE SERVICE 


Ground wire* ore an efficient protection tm tramamiarion Unea, and if aeveral wre used, 
partially eurroundinc the Uum, they afford complete defenae againat Uidataing, though 
arresters will still be necesaary to prevent trouble from arding grounds. Pole lines usuidly 
have a single ground wire, suppoiied from the pole top on a b^net or ridge iron. 

In moist dimatsa or where exposed to fumee and gases, as from coke ovens or smelters, ground 
wires should be of copper; elsewhere they may be of galvanised steel strand, double dipp^, Vs nr 
^/u4n diam, and should be tied with wire of the same material, HBvaa oorm wira STBUk Good 
groundings may be made at power idants, as to water pipes, etc; but at sub-stations and on trans- 
mission lines it is often neoessary to drive iron pipes into the ground, or to bury eoppmr ground- 
plates. Galvanised iron pipes, 0.75 to l-in' diam, driven 0 to 8 ft in earth, will have 16 to 20 ohms 
resistanee. Where good grounds can not be obtained for a considerable diatanoe, larger and better 
ones should be provided where passible at each end of such section (2). 


6. UNDERGROUND WIRING 

Underground dreuits not exceeding 660 volts use insulsted or bare wire, supported on 
insulated fittings. Wires may be supported directly on hangers or insulators attached to 
roof or sides of passageway, or may be attached to timbers supporting the roof, but in 
such manner as will allow timbers to be changed without disturbing the electrical circuit. 
In all cases wires must be kept free from contact with roof, sides or timbers, whether 
insulated or not. 

Circuits exceeding 660 volts are insulated for proper voltage, and protected by umor 
(metallic or nonmetaUic), or carried in iron conduit; metallic armor or conduit to be 
grounded. For circuits of 2 300 volts a c and higher, cables are available without metal 
armor. Individual conductors are shielded by 6-mil tape, with bare grounding conductors 
in contact with the tape. In case of insulation failure, grounding conductors carry fault 
to ground. Circuits are mechanically protected by burying in trenches in floor or sides 
of passageway. 


Table S. Current-carrying Capacity of Bare Copper Conductors Usod in Mines 


Conduotor, 
BAS gage 

Current 
ciapac, amperee 

Conductor, 
cire mils 

Current 
capao, amperes 

Conductor, 
ciro mils 

Current 
capao, amperee 

10 

80 

250 000 

650 

750 000 

1 520 

• 8 

105 

300 000 

790 

800 000 

1 590 

6 

M5 

350 000 

880 

850 000 

1 660 

4 

210 

400 000 

965 

900 000 

1 730 

2 

280 

450 000 

1 050 

950 000 


\ 

320 

500 000 

1 140 

1 000 000 

1 870 

0 

375 

550 000 

1 215 



00 

435 

600 000 

1 285 



000 

525 

650 000 

1 370 



*0000 

615 

700 000 

1 450 




Trolley wire. Hard-drawn OBOovan wibb is used exdufflvely for underground trolley, 
and of sizes shown in Table 3. 


Table 8. Average Propertiee of Hard-drawn Coppar Trolley Wire 


(American Standard Grooved Section) 


Nominal 
area in 
circular 
mils ^ 

Area, 
eq in 

Dimenaiona, in 

Pounds per 

1 

Breaking 

strength, 

lb 

Ohms per 

1 000 ft. 
68* F, 
97.2% eon- 
dufltauoe 

Section 

depth 

Upper 
lobe ^dth 

Lower 
lobe width 

Web 

thickneaa 

1 000 ft 

Mile 

417 000 

0.3142 

0.750 

0.357 

0.563 

0.250 

1 262 

6 663 

14 500 . 


350000 

.2758 

.620 

.376 

.620 

.268 

1 063 

5 612 

mm 

H 


.2355 

.574 

.^76 

.574 

IS 

908 

4 792 

10 515 

0.03529 

211 600 

.1665 

.482 

.376 

. .482 


642 I 

3 387 , 

7 751 

0,04992* 

168100 

.1314 

.430 

.340 

mBM 

.237 

506 

w 1 

2 674 

6 366 

0.06326 

133 225 

.1083 

.392 

.318 

. 38 . 6 . 

.217 

417 

2288 

5 432 

0.07j675 
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Trdl« 3 r wire* may ^ aupjmrted from roof, well*, tiinbore, or pipe, w conditiotu require. 
Mid ftre Btrung 4 to 6 in outside the gege line, on the side opposite to safety, or manholes, 
room necks, or chutes (Sec 23). Mikimum bsiobt is about 6 in above the 

locomotive frame; general ra^, 32 to 5d in; max height, usually 7 ft. Where the wire 
is less tiian 0 ft above rail, it must be protected at all cross-beings, on partings and 
switches, or wherever men or mules are required or permitted to cross undernea^ or work 
near it. This protection consists in placing the wire in an inverted trough of wood or 
other material, so that sides project at least 2 in below wire, or by cutting a groove in the 
roof, so that the wire is supported 2 in above roof level. Wooden troughs may be sup¬ 
ported on roof bolts, or bdd by trolley wire suspensionB, spaced not over 10 ft apart. 
Sjieciid fittings have been devised for clamping, insulating, supporting, and stretching 
trolley wire undeiground, as shown in catalofi^ of makers. As much of the underground 
trolley wire is not permanently located, soldered ears, frogs, etc, are not used. 

Trdley lines shoxild be sectionalised, so that any grounded section may be isolated and 
repaired without interference with other sections. It is usual to install bxction inbdi,a- 
Tona for each cross or panel heading of the mine, their number and location being deter¬ 
mined by local conditions. Where roof is very bad, it may be desirable to sectionalise 
every room heading or branch. 

Bonding rails is done by welded, compressed and pin-terminal bonds. Weldxd bokss 
have a direct weld between the copper wire and steel terminal which is welded to the rail; 



they are easy to apply and give permanency of contact; any form of arc-welding apparatus 
can be used. Wdded bonds have a contact area equal approx to 6 times nomixud capacity 
of the bond. CoMnuBsran-TBiaijNAL or ptN-rsBMmAn bonus are either concealed under 
the splice bar or are outside of it. CoNcaAUED BONDa can be used satisfactorily only 
whore the rail is 60 lb and over, as with lighter rail there is insufficient room between splice 
bar and rail tevavoid cramping and cutting the bond. The copper stud of the pin-terminal 
bond should ^ same sise as the hole in rail. A small hole is drilled in stud, and after 
stud is placed in the rail, a drift pin is driven through, expanding the stud to a tight fit. 
Following t^ drift phi a short, tapered steel pin is driven and remains in the stud, main¬ 
taining eoniaet with tha rail. With the compressed-terminal bcnid, the stud should be 
eximnded in tlM rail by a screw or hydraulic compressor, and enough pressure applied to 
cause the coppM stud to flow into and make intimate'contact with the rail metal. A head 
is formed on,each side of the hole, sealing it against mdlsture and m ai n taining contact of 
the bond. Th4 compressed-terminid bond is the limst efficient, with lower resistance 
throughout a long life, but the pln-tormmal type 4 md" eaaii^ applied and with inteUigent 
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application gives excellent results in mining work. Eabtb BBSisr^Kca in coal and metal 
mines is usually very low, because ol acid water, and in many mines a large part of return 
current travels through the earth. This causes suiciitoiiTsis of rails, pipes, etc, iti^ch 
can be reduced or eliminated by good bonding of track, with return fevers if required, 
and by bonding track rails to air or water piping at intervals of say 500 ft (Fig 3). 

Capacity of bonds should be 0.5 that of trolley and feeders, but not less than 500 drcular 
mils per ampere should be allowed, based on aver load. Area of steel rails, sq in, -<0.1 the 
wt per yd, and conductivity is about i/i 2 that of copper. 1 sq in ■■ 1 250 000 circular mils 
(nearly), and a short cut from lb per yd to equivalent circular mils of copper is: 1 lb per yd 
equals 10 000 mils. Tbebmit raiIj wkwing is applicable to heavy, much used under¬ 
ground tracks, eliminating use of bonds and bonding troubles; reduces track mahitenance 
and gives a smooth track. This follows the practice of sVwt railway tracks embedded 
in paving. 

Mine telephone wiring must have special attention, because, on account of the s m all 
sizes required, the conductors are mechanically weak and subject to brrakage and trouble. 

Where phones are near shaft bottoms or pit mouths, it is true economy to install wires 
or cables in an acid*waterproof, strong and flexible, non-mctallic conduit. Along entries 
and gangways, where a conduit would be too expensive, rubber-insulated wire should be 
used. This must be supported on insulators and kept clear of coal, rock or timbers, as 
carefully as though it were bare, since insulation can not be depended upon underground. 
Mbtaluc'cibcuit should be used for telephone service, to avoid noise and interference 
from power circuits, and lines must either be transposed frequently or twisteo-paib used. 

Signal systems. For these the same precautions as above should be observed and, 
for bare signal wires along haulage roads, potentials should not exceed 30 volts. 


7. ELECTRIC HOISTING (see Sec 12 for general subject of hoisting) 

Slectric hoisting is more economical than steam, except where fuel is cheap and cost of 
power high (3). Where a c is available, either purchased or produced at the mine's central 
plant, hoisting by electricity eliminates boiler plant and the stand-by losses attendant upon 
the use of steam. Choice of type of hoist is largely influenced by power requirements and 
conditions under which power is furnished. Slight changes in duty cycle will greatly 
modify power requirements. A cycle consisting entirely of acceleration and retardation 
is inherently wasteful with any type of hoist. Fig 4 shows lioist diagrams for various duty 
cycles, ranging from 2 to 10 sec acceleration to full speed, for a hoisting period of 17 sec, 
with c onical d rum. The fig shows effect of too rapid or too slow acceleration. The quan¬ 
tity VMean* hp (“ root mean square hp ”) is obtained by multiplying the square of the 
current input in each c^cle period by the number of sec duration of the period, adding these 
and dividing by total elap^ time (sec), and extracting the square root (Bib 3, p 323). 

Types of hoist drive (4) commonly used are: (a) induction motob, geared to drum; 
(b) D-c MOTOB, direct-coupled to drum, with variable voltage supply from an independent 
motor-generator set; (c) d-c dbtvb, same as above, with flywh^ type motor-generator 
set, supplying variable d-c voltage. Type (a) is lowest in first cost, with eflUo equal to or 
greater than type (b), and is usually recommended in sizes up to 600 hp, imder power con¬ 
ditions where heavy starting' peaks are not prohibitive or penalized. Type (b) has the 
advantage of ease and certainty of control (5), adjustable hoisting speed and elimination 
of gmrs. Reduced speed will reduce peaks wMle developing a mine, when hoistii^ men, 
and in similar service. It is more expensive than type (a), and has the disadvantage of 
requiring the operation of 2 s^arate machines, viz, the motor-generator set and the 
hoist. Motor-generator set may include an additional generator for mine use, to which 
part of the stand-by loss may be charged. Type (c) is suitable only Ibr large hoists, where 
the power Contract heavily penalizes peak loads, as the eific is 10 to 12% less than that of 
type (b). The effect of the flywheel is to cut down peaks of the load curve, and theoreti¬ 
cally permits uniform input to the induction motor driving tiie hoist generator. Stand-by 
losses axe s^ larger than those of type (b), approximating 2 kw pm- ton ef flywheel wt, 
and it is not possible to reduce this charge by driving another generator (6). 

Fig 5 shows ^rpiced diagram, line AB represmting aver power input to the hoist motor. 
For complete elimination of peak loads the flywheel must, within each complete cycle, 
d^ver powm in hp-eee, corresponding to area of diagram above the aver lina 

Fig 6 is a diagram for obtaining effective wt of flywhetis. The example shown by the heavy 
lines aaaamea 20% drop in apeed to dtiiver 25 000 hp-see, with radius of gyration assnined as 4 ft, 
with set running initially at 600 rev per min, mtd Aowa that an effeetivewt of tD 000 lb will be 
required. Uae of eonkal drume often improvea the load onrva by redueing the aeo^eration 
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nd oompensatius for wt of ropo, wUch ia a large fae(or in deep ahafta (See 12). Elee ahaft H maMo g 
la chiefly an dec problem, wd deaign of dnima wiE depend on the moat economioad duty cycle. 

Cbatrid of induction-motor boioto mny be by liquid rheoetat or magnetio oontactoro. 
Uquid rbeofltat consists of a tank, filled with electrolyte (as soda or salt water) arranged 
to carry electrodes, usually triangular or trapesoidal. Slectrodes auo preferably fixed in 



position, and the electrolyte, circulated by a small pump, rises and falls in the tank. Elec¬ 
trodes are connected in the wound rotor secondary circuits, and motor torque and speed 
vary with the submerged area of electrodes. As the secondary circuit must not be opened, 
the electoode tips remain submerged. The primary switch of the motor is inter-locked 
with a Itiver operating a weir; the first movement of this lever doses the primary circuit, 
and further movement raises the weir controlling over¬ 
flow of the electrolsrte, allowing the liquid to rise on the 
electrodes. Assuming the weir to be raised at once to 
its full hdght, the rise of electrolyte on the plates, and 
consequently the rate of accsubration of the motor, 
depend on the capacity of the circulating pump, thus 
providing a smooth and certiun control of acceleration 
(7). This type of rheostat is preferable, because of low 
mst cost and upkeep, and smooth acceleration. 

Resistance of ordinary hydrant water, per sq ft cross- 
sec and 1 ft in length, is approx 100 ohms. Table 4, A, 
gives resistance when containing commercial table sidt; 

Table 4, B, gives resistance when containing conunerdal 

H1SO4. 

For liquid rheostats mthout forced circulation, use from 600 to 1 000 cu m of solution 
per kw absorbed. Biates or electiodes should have an area of 1 sq in per ampere. 

Contactor control , consuts of a series of magnetio contactors, arranged with curr«at- 
liznitr eontnd, so the contactors close automatically in succession as the current falls 


Table 4. Data for Liquid 
Rheostats 


Table A 

Table B 

%Salt 
by wt 

Resiet, 

ohms 

% Acid 
by wt 

Reeiet, 

ohms 

0.23 

0.46 

0.70 

0.93 

1.16 
1.39 

7.84 

4.65 

3.12 

2.38 

1.90 

1.48 

0.174 
0.435 
0.724 
0.985 

4.12‘ 
1.75 
1.10 
0.85 . 
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to a predetermined point. Time eontrol may also be used where the cycle of openiiom ia 
such as will permit it, and may possess advantages not present with current-limiting con¬ 
tactors. Position of a mastbb oontbolubb determines the number oi oontactcns Whiidi 



may .dose, and operator may thus diart more slowly, 
but cui not exceed the fixed limit of acceleration- 
Control of d-c hoist motors by field control of 
variable-voltage generator is by rhMstat in generator 
field, which is separately excited. Generator is of 
interpole tsrpe, and readily commutates current from 0 
to max voltc^e, posiUve or negative, while nflming at 
a constant speed. Hoist-motor field is separately ex¬ 
cited, so that its speed varies directly as impressed 
voltage. Same mode of control is used for Ilonisb 
SYSTEM, with addition of a dip regulator in the induc¬ 
tion motor circuit, allowing the set to slow down when 
heavily loaded, thus drawing energy from flywheel for 
all loads above a fixed capacity (Sec 12). 


Hg 6. Hoist Diagram, Showing Slip res;ulator in a simple form conrists of a liquid rheo- 
Aver for the Cyde stat, in series with main induction-motor secondary, with 

electrodes raised by a small induction motor in series with 
main motor primary current, usually through series transformers. These electrodes are coun^- 
balanoed, so that, with normal ourrent in main motor, they are completely submerged with mini¬ 
mum resistance in main-motor secondary- When line current exceed predetermined amount, the 
torque of the small regulator motor is correspondingly increased, lifting the electrodes and thereby 



inoressiBg the secondary'resistance of main.motor, slowing it down and allowing flywheel to deliver 
mttgy to the d-o generator. 

Safety requiremeBts d«nand that electric shaft hoists be provided wit^ an apitroved 
levice to prevent overwinding (Sec 12). Where men are hoistol, additional piovudon., 

























ELECmtC LOCOMOTIVES 


16-11 


" • 

must be m^ to prevent ovenHnding si tbeir specie {findings, if nnjr. In suck case, ther* 
is ^Bo a visual signal to indicate at all man landings that the oversrind device is set for 
boisdng men; and it miut not be possible to operate the hoisting signal lights without 
setting the man-landing overwind device. Besides the main brakes, shaft hoists most have 
a hand bmke, capable of keeping the drum under control of the operator. If the power 
supply fails in case of overwinding or overspeeding, an automatic trip or release apidies 
this brake, which must be able to hold the max unbalanced load. If any contingency 
causes an emergency application of the brake, power is shut off froin the motor. 

The hoist must not be maneuvered unless all equipment, including protective devices, is in 
normal working condition. Should the legal rate of speed be exceeded when men are on the cage, 
the hoist is automatically brought to a atop. For a hoist designed to operate in balance, the ^ving 
motor must have sufficient power to raise full loads of men in a max unbalanced conihtion, in case 
of emergency. Electrical safety devices must be tested at the beginning of each shift; a record of 
such teste being made and signed by an authorised person, and kept on file at the mine. 

Automatic control is most readily applied to p-c hoists with field control, since at any 
position of the controller speed is practically constant, even with varying load. It fol¬ 
lows that an interlock may be arranged, which will mfuntain the speed in a definite rela¬ 
tion to the position of the cage in the shaft. Hence, both acceleration and retardation 
may be automatic, and an overwind is' impossible; and in case of overbalance or rapid 
retardation, current will be returned to the line. With inouctiom-motob hoist, the speed 
at all resistance points varies with the load. Against overwinding, some centrifugal device 
should be used, in connection with a limit switch to open the circuit and apply the brakes, 
if .the speed at certain points is not suitably reduced. If the landing is approached at 
proper speed, the device will not operate, but if the proper speed is exceeded at any one 
of a number of points, the current will be cut off and brakes applied. 

Slope hoists are particularly adapted to electric drive, which eliminates losses of .the 
steam hoist when idle, while lowering unbalanced, waiting for trips or on account of acci¬ 
dents; it gives uniform torque for starting, and maintains uniform speed with varying 
loads (as on variable grades). Motor-driven hoists may be located at any desirable point 
underground, where it might not be economical or possible to operate otlierwise. Nearly 
all slope hoists have either single or double reduction gearing; the foriper is preferred, 
particularly since the perfection of the double-helical gear. 

Small geared hoieta are largely employed in local dips in collieries. With rope pull of .'KX) lb 
and equipped with 3-hp motor, these have been standardised by several makers, at prices approxi¬ 
mating 1400, or somewhat less. Using track sheaves, a single hoist may serve 2 or more dip head¬ 
ings or rooms. £ome extensive bituminous mines use large numbers of these convenient hoists. 


8. ROPE HAULAGE AND CONVEYERS 

Budlesa and tail-ropa haulageg (Sec 11) are readily adapted to electric drive, although 
endless rope, with rope speeds of alx>ut 3 to 4 miles per hr, requires large gear reduction. 
The greater flexibility of locomotive haulage has eliminated rope haulages except where 
grades are very heavy. In such cases the use of motor drive permits location of haulage 
engines at any point, outside or underground. 

Car hauls, conveyers, and elevators are almost always motor driven (see Soo 27). 
The proper type of motor must be selected to suit the character of work; whether induction 
a-c or shunt, compound or series-wound d-o motors are chosmi, depends on the speed 
and torque characteristics of load. Enclosed and ventilated motors should be selected for 
dusty or wet service. Since the motors are run continuously without attendance, full ovw- 
load and no-voltage protection and preferably current-limit starters should be provided. 

Sometimes, os with retarding conveyers, power is required for starting, after which mechanical 
or regenerative braking is necessary. Frequently it is desirable to instaU emergency control, so 
that in case of trouble the conveyer or ear-haul may be instantly stopped from ai^ one of a number 
of prints. A small switch short-circuits the trip coil on a no-voltage release, ojpening circuit breaker. 
The motor thus stopped can not be started until this switch is opened. 


8. ELECTRIC LOCOMOTIVES (for “Underground Haulage/' see Sec 11) 


Staadarfl eein* tocometive (Fig 7) hu a heavy steel frame, on journal springs over 
axles, gear-dri'^it series-wound motors, which are supported partly from sudes and 
partly frame. . A rheostatic control, UMially with series-parallri connections, ana 
C-1 grid jasiata&oa^ serves for starting .and running in either direction. Contactor otkia 
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. trcA with master eontroUer is used dn the larger loeomotivee. Hand or oompreaaed air 
In-akes, sand boxee, valves, trolley and hwdlighta are all of q>ecial mine types. 

Details. Fraues may be of C I, riveted sted plates, solid steel slabs, or cast-sted bar 
type. Riveted-plate and slab frames are unbreakable, as in collision. Cast bar-ateel 
frame has the ad'rantage of affording ready access to brakes, sand rigging, apd other 
apparatus, and gives best ventilation. Bearings, for journals, axle linings through 
mot(»s, and armati^re shafts, must be carefully designed to exclude dust and sand, ai^ 
to give good service with minimum attention. Jocrnai, bbaiukqs are of bronse, easily 
removatde when weight is taken off, and lubricated by waste-packed oil cellars. Axut- 
BXABiNO UNiNoa may be of bronze or babbit, lubricated in the same way. Aruatubb 
BBAB lNas a* e preferably ball bbabjnos, though bronze-lined waste-packed bearings are 
also succemful. It is highly important that the wear on these bearings be minimized, be¬ 
cause wear shifts the air gap, fleets commutation and gear mesh, and may destroy the 
armature by rubbing the pole faces. Well-designed and constructed ball bearings have 
eliminated such troubles almost completely on small locomotives, and are becoming 
standard practice on large ones of 75 hp and over. The limited space on narrow-gage 
locomotives makes ball bearings desirable. Mornuft for mine locomotives vary but tittle 
in general design from standard railway motors, though because of the lower voltages 
used, the coils, commutators, and brushes are often heavier for the same hp. Coils 
should be form-wound, interchangeable, impregnated, and baked, making them practically 
waterproof and increasing the conduction of heat from the copper conductor. The usual 
narrow track gages require very compact motors, making it increasingly difficult to obtain 
sufiieient heat-radiating surface. Goon commltation is difficult to obtain on account of 



Fig 7. Electric Mine LoconioUve 


rough track, many frogs and switches, and severe peak loads, both on starting trips and 
on heavy 4 ;radc 8 . Commotatino-poles motors are very advantageous, eliminating spark¬ 
ing due to overloads and minimizing effect of jar and vibration on commutator and 
brushes. They also have a higher continuous rating, due to lower magnetic densities in 
armature core and pole face. Where gear faces are reduced on very narrow gages, spedal 
heat-treated alloy steels may be used, and would be an advantage in standard practice. 
Controllers for most locomotives below 10 ton are of the magnetic blowout type, with 
separate interlocked cylinders for speed control and reversing; 10-ton locos or larger are 
of the contactor type.. Most controllcTs have both series and parallel connections on 
reverse cylinders, but series connection is of no special value except for very liidit work, 
as motors will not operate satisfactorily in series unless mechanically connected, as with 
side-rods. Some large controllers use double contacts, with separate blowout magnets for 
each resistance and running point. 

Resistances for speed contrd are practically all of the C-I grid type. Grids are strong, 
dastic, and easily replaced. Resistances should be placed at the ends of locomotives, 
where ventilation is good, and not above or near motors or caUes. 

Successful operation of-electric locomotives depends primarily on motor rating per ion 
of wt; also on type of wheel, wt of rail, amount of sand used, etc. 

Drawbar pull (Table 5). Maximum avulable for starting depends xm the wt of loeo* 
motive, and in extreme cases, with sharp sand, is as' high as 50% of the wt; ordinarily, 
aay, 40%. Without sand a c»effic of adhesion of 25% m^ be estimated for ste^ 
wheels, or 20% for chilled C-I wheels. 

Usual rating for adhesion is 25%, and motors are available which will exwt this drawbar 
pun at rated speed for 1 hr with a temp rise of 75‘' C. This so-called RAzprA^' rattko is 
. sa^t^sfaotory where length of haul is short and grades not excessive, so that mnd is unneoeo- 
easy except on starting, and approximate$ 10 hp per ton, at 8’ miles per hr. On Ituxg 
I^Uils (over 1 mile) with advnee grades requiring much sand and where motors can not 
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Table 5. Locemottre Drawbar Pull and Haulage Capacltief 
Tlguna are for locomotivM with atM»l wheela; for C-I wheels, telce 60^- of valiiea in table' 


Rated dnwiiar mill and grap tnun load (tons). Co^ of friction, 30 lb per 
ton on level track, aM 20 Ib per ton for each per cent of grade 


LocfosBOtivs 

WtitODS 

LsvelUsdc 

I^grads 

2% grade 

3% grade 

4% grade 

5% grade 

iTti grade 

(itMl 

Dnv- 

Hsul- 

Draw- 

Haul- 

Draw- 

Haul- 

Draw- 

Haul- 

Draw- 

Haul- 

Draw- 

Haul- 

Draw- 

Haul- 

wnt6li; 

bsr 

age 

bar 

age 

bar 

. age 

bar 

age 

bar 


bar 

age 

bar 



pull. 

espae, 

pull, 

capae, 

pull. 

oapae. 

pull. 

capae, 

pull. 

caiiao. 

pull, 

capHC, 

pull. 

capae. 


lb 

tons 

lb 

tons 

lb 

tons 

lb 

tons 

lb 

tons 

lb 

tom 

Ib 

tons 


1500 

50 

fm 

29 

1380 


1 320 

15 

1 260 

12 

1 200 

n 

1 140 

8 

4 


70 

1920 

39 

1171 

26 

1760 


nm 

IS 

1600 

19 

1 520 

10 

5 

2500 

84 

BZl 

48 

2300 

33 

2 200 

24 

2100 

19 

FTaI 



13 

6 

3000 


2880 

58 

2 760 

39 

2640 

29 

2520 

23 




15 

7 

3500 

117 

3360 

67 

32S) 

46 

3060 

34 

2940 

27 




I& 

8 

4000 

133 

3 840 

77 

3 660 

53 

3520 

39 

3360 


3200 

25 


2'J 

10 

5 000 

167 

4600 

96 

4 600 

66 

4400 

49 

4200 

38 


31 


26 

13 

6500 

216 

6240 

126 

5 980 

85 

5 720 

63 

5460 


Pal 

40 


33 

15 

7500 

msM 

7200 

144 

6900 

99 

6600 

73 


57 

6000 

46 


38 

17 

4500 

283 

8160 

163 

7 620 

112 

ns 

83 

7140 

65 

cm 

52 


43 

20 

10000 

333 

9600 

192 

cm 

132 


98 

8400 

76 

8 000 

62 


51 

25 

12 500 

416 

12000 

240 


164 


122 

10 500 

96 

niliSTil 

77 


61 


cool off between trips, the standard l-hr capacity will not suffice. In such cases, the 
motor rating for continuous service is specified, and should not be less than 0 hp per ton. 
CONTINUOVB RATiNO of enclosed, seiies motors, as used on locomotives, ranges between 35 
and 48% of the l-hr rating. Fohcgd vbntilation, by separate fan outside the casing, 
increases this by 00 to 85%. Chief objection is that sand, dust, or moisture may bo 
drawn or forced into the motor windings, but, by taking in air at top and discharging it 
at bottom of motor^ casing, this difficulty is largely avoided. In mines of large output, 
with narrow-gage tracks and limited height of gangways, ventilated motors are necessary, 
and exjietiments made on the above lines show reduction in temp rise, as in Table 0. 


Table 6. Forced Ventilation for Haulage Motors 


Wtof 

motor. 


Aver ! 
no 


Temp, dog C, 

Temp, deg C, 



Tripe 

Length 
haul, ft 

without fan 

with fan 

Mine 

temp 

Remarlor 

tona 

Com 

Wind’gs 

Com 

Wind'gs 



care 


24 

14 

72 

12 000 

III 

104 

76 

72 

14“ 

Air inlet at gear end 

30 

10 

100 

1 15 000 

124 

106 

64 

70 

14“ 

‘\ir inlet over commutator 


Use of Band increases the tractive resistance of mine cars from 20 to 100%; the smallest 
possible quantity of the best quality obtainable should be used. 

Cost of locomotiTes of same wt and rating is fairly uniform among the different builders. 
Following are examples of common sizes: 

4 ton.$3 160 8 ton.$4 230 13 ton.$6 300 

6 ton. 3 850 10 ton. >665 15 ton. 7 290 

Tliese pricea are for chilled-iron wheels; add $152—$182 for steel-tired, and $90-$152 
for rolled-steel wheels. Add $490 for cable-reel gathering locomotive, and $400 for crab- 
reel tsrpo (see below). 

fiiithWin£ loconotiTCS &re of the SAine general type .as xnain*line haul&ge locoznotiveSf 
with the addition of a trailing-cable or rope, which permits the locomotive to enter rooms 
or headings where no trolley wire is strung. These locomotives require much less h^tod- 
room ♦.bit.n mules, and a locomotive with 2 men will gather from 2 to 5 times as nuipr 
oars as 1 mule with driver, the advantage being greatest where grades are worst. Where 
the vein is only 8 to 4.5 ft thick the saving is great, because for mule haulage the top must 
be taken down or bottom lifted to make headroom. Gathering locomotives should 
85 to 150 caw per day, or even more where several cars may be placed at once in 
fi aeh room or stope. Haula ge sfapuld be planned so that cars are delivered and remov^' 
legiUarly; it is usually necessary to arrange headings in pairs so that on one trip eni^t^ 
ttuiy he in one and loaded cars taken from the other, rather than to^handle empties 

' and loaded ears ia the same heading. 
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Cabl6-r«el hu a S^ioaduotor twin or concentric traifing eabla, attaclnd to the 
trolley and to rail at the room neck, and paid out ae the locomotive travria into the room, 
the cable as reeled out lying on the floor. A singlo-condu^r cable is someriUes used, 
with the roopi track formmg the return circuit. On retumii^, the cable is again wormd 
on the reel, a tenribn of 10* to 20 lb being mainiain^ to prevent over-running and cutting 
the cable. In some types the reel isririven by a friction dutch from toe locomotive axle,, 
but a later form drives the red by a small series-tround motor, •wth resistance for con¬ 
tinuous connection across the line, maintaining uniform tendon like a spring of infiidte 
length.. Cables may be overrun and injured by the friction-dutch type, should braking 
cause wheels to skid, or by the motor type should the current fail. Cable-red typo may 
be Uised for pushing empty cars or pulling loaded cars up grade. 

Traction-cable or crab type carries a small and very compact motor-driven hoist.. In 
operation, the “ spragger ” or trip-rider pulls the wire rope into the twta, couples it Jo 
car, and motorman winds up rope, pulling car out to locomotive on heading. One or more 

loaded ears may thus be hauled 
up grades too steep for locomo- 
tives. This type may be used 
where grades are against loaded 
cars only; in special cases, locomo¬ 
tives carry boto forms of red. 

Storage-batterylocomotives, for 
light main-line haulage and for 
gathering service, are made in a 
number of sizes and types, and 
are guaranteed for specific installa¬ 
tions. Battery equipment forms 
a large part of the locomotive wt, 
and toe frame, motors, and other 
parts are as light as is consistent 
with strength. High-speed auto- 
mobile-tyx>e motors are commonly 
used, wito double-reduction or 
worm gearing, the voltage used 
rangix^ from 80 to 100, wito a few 
at 1^' volts and higher (16). Bat- 
TSBiBS are of 2 tsrpes, the add or 
lead type, or the alkaline nickd- 
iron. Each has advantages for 
spedfic installations, but the alka¬ 
line battery is 30% lighter, and is 
more rugged, while toe lead type 
is about 15% more eflSdent and is 
30% cheaper in first cost. 

Cslcnlation of battery capacity 
for a given installation. Fig 8 
contains 3 curves: 1,‘ for toe loco¬ 
motive; 2, for toe train, with grade 
against the load; 3, for toe train 
cm a grade wito load. The curves 
are based on frictional resistance of 30 lb per ton on level track, plus 20 lb for eadi per 
cent of grade. Eiilc of locomotive and motor equipment is assumed to be 60%. These 
curves can be used for calculating battery capadty for any kind of duty; given the wt 
of loaded train, number of cars per train, grade, haulage distance, and wt of locomotive. 
The proper wt of locomotive, which must be sufllcient to haul toe max load on Specified 
grades,' is sdected from Table 7, which gives max drawbar puU (lb) and haulage capao 
(tons) for a given wt of locomotive equipped with steel wheels. Track friction, SO lb 
per ton and resistance of 20 lb per ton for each per cent of grade. 

' Cflcnlatlofa of battery capacity for a gathering locomotive. It is convenient to divide 
the li^th of haul into 3 parts: distance from side track to first room on entry; .distance 
on mitry in front of rooms; max depth of room (total depth is used in calculktion to allow 
for awitobing, etc.}. 

liy^lple. Assume toe lotomotive must gather 120 earn in 8 hr, delivering esah 'empty ear 
to tjlMS faea. Trabe are ef 10 earn, makiiig total number of trim 12. Wt of loaded-ear« 8 200 lt>i 
,iiB|nh of haul from side track to first room, 800 ft; depth of room, 250 ft; length of haidnn entry 


Curves giving kw-hr required at battery 
per ton locomotive and per ton loaded train,] 
per 1000 ft of haul (including retom) for 
yarious grades with and against load^ /2 



I i » i i t 1 89 10Ui8 
)(Grado 

Fig 8. Battery Capao for Storage-battery Looomotivi 
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T«ldt 7. B««lag« Capadtjr of Sterage-lMttwy Locoaotfrea oa Osado* 



Level 

1% 

2% 

3% 

4% 

5% 

Loco 

wt, 

tons 

Draw- 

Haub 

Draw- 

Haul- 

Draw- 

Haul- 

Draar- 

Haul- 

Draw- 

Haul- 

Draw- 

Haul- 

bar 


bftr 

age 

bar 

age 

bar 

age 

bar 

ftge 

bar 

age 

PuU, 

oapac, 

pull; 

capao. 

pull, 

capao. 

pun. 

eapac, 

pull. 

capac. 

pull. 

oapac. 


lb 

tons 

lb 

tons 

lb 

tons 

lb 

torn 

lb 

tons 

.lb 

tons 

3 


50 

1 440 

29 

1 380 


1 320 

15 

1 260 

12 

1 200 

9 

4 



1 920 

39 

1 840 


1 760 

20 

1 680 

IS 

1 600 

12 

5 


84 

2 400 

48 

2 300 


2 200 

24 

2 100 

19 

2000 

15 

6 

KljMjl 


2 850 

58 

2 760 



29 

2 520 

23 

2 400 

18 

.7 


117 

3 360 

67 

3 220 

46 

ttsi 

34 

2 940 

27 

2 800 

22 

8 


133 

3 840 

77 

3 680 

53 


39 

3 360 

30 

3 200 

25 


in front of rooms, 400 ft. Rooms are level and grade on entry is against the load. Distance 
the locomotive travels, and distance the train is hauled on different parts of a trip, are given in 
tabular form; 


Equiv length of haul, ft 


Side track to first room.. 
On entry in front of rooms, 


Loco 

600 

400 


Loaded train 


In rooms.10 X 250 

, . „ , . . 5 200 X 10 

Loaded tram weighs....-——— 

2000 


600 

400 + 2 - 200! 
2 500 


26 tons 


Assume locomotive weighs fi tons. Kw>hr 
required: to haul 1 ton of locomotive 
1 000 ft on levd, 0.025; to haul 1 ton of 
locomotive 1 000 ft on 1.5% grade, 0.031; 
to haul 1 ton of loaded train 1 000 ft on 
level track, 0.026; to haul 1 ton of loaded 
train 1000 ft on 1.5% grade, 0.037. 

Kwhr required for each part of haul 
over which nocoitOTirn travels (distance 
(ft) -i- 1 000) X loco wt X kw-hr (read from 
curve). Per trip for level track, (2 600 -i- 

1 000) X 5 X 0.025 - 0.312. Per trip for 1.5% grade, (1 000 1 000) X 6 X 0.031 - 0.155. 

Ew-hr required for each part of haul over which tbain travels (distance (ft) 1 (KX)) X tons 
of loaded train X kw-hr (read from curve). Per trip on level track, (250 -f- 1 000) X 26 X 0.026 

-• 0.17. Per trip on 1.5% grade, (300 -t- 1 OOQ) X 26 X 
0.037 » 0.77. Total kw-hr per trip: locomotive, 0.467; 
train, 0.052; or 1.419. Lfence, total for 12 trips •• 17 
kw-hr. 

To allow for decreased capacity of battery when 
discharging at a high rate, as required in gathering 
service, switching extra cars, pulling empties and loads 
on track, hauling locomotives from charging station to 
working place, and running with brake partly set, the 
kw-hr obtained by calculation is multiplied by 1.35, to 
give the capacity at normal discharge rate, which in this 
case is 23 kw-hr. Consult Table 8 for battery capacities. 

Note that for above example the nearest battery 
capacity with least number of cells is 63 A-S alkaline, or 
48 MV 15 lead. Either will need at least 1.5-hr boosting 
charge, whenever the battery has been in use for 4 hr, in 
which case alkaline battery will hpve 15% greater capa¬ 
city, and lead 25% greater capacity than given in table. Example shows bow Fig 8 is used 
when calculating battery capacity required for gathering, and it is evident that this method can 
be used for any kind tsf installation on any kind of hauL 


Table 8, Kw-hr Capacity at 
Normal Discharge Rates 

(Normal battery charge for standard 
locomotives) 


Alkaline 

Lead 

Type 

Kw-hr 

Type 

Kw-hr 

63 A-4 
63A-6 
63 A-8 
I26-A-4 

11.3 

16.0 

22.6 

22.6 

48 MV 9 
48 MV 11 
48 MV 13 
48 MV 15 
96 MV 9 

11.9 

14.8 

17.9 
20.8 
23.8 


10. ELECTRIC-DRIVEN PUMPS (for “ Mine Drainage,” see Sec 13) 

Piston and plunger pumps are l>eing superseded by centrifu^ pumps for every use 
undetaround, because of lower first cost, less room required and less maintenance. Heo* 
trie drive is now almost exclusively used for centrifugal mine pumps. Details are giv«i in 
See 13, Art 10. 

underground centrifugals usually have cast-iron casings and bronse runners; or 
bronse cAjringa with chrome-iron runners, or entirely of chrome, depend!:^ on character of 
the mine water. These pumps are designed-for specific heads, stages ^being add^ as head 
inoreaseB. For mumikg centrifugal ptimps no foot valve is required in the suction, but n 
check valve in the discharge is essential. With auto^tic control, a float switch or elec¬ 
trode is custom!^ for starting and popping. A time clock or remote control cm be 
used. Ajplay will stop pump when three attempts have been made to start it; a smtolfle 
signal indicates when this occurs. In case steam, compressed air br water under pressure 
is avnilaUe for pr|ming, the vacuum pump can be dispensed with. It is essential that 
alt bIv in t-by piimp o^suction line be exhausted before the pump will start. 
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Submerged pumps, requiring no priming device, are sometimes useful; but, due to 
their cost, they are generally limited to relatively small units, say not over 20 ft in length. 
For virwATSRiNO mines, the cost of bobe-boud pumps ihay be fully warranted. They 
consist of a vertical motor mounted on the surface on top of the discharge, with a shaft 
extending to a pump at the bottom. Where the water is acid, protection of exposed 

parts is expensive. Such pumps, having capadtieB to> 



6 000 gal per min against heads of 600 ft, are built by the 
Sterling Pump Co, Hamilton, Ohio, and other makers. 
Fig 9 shows a submersible pump, made by the Byron 
Jackson Co, Los Angeles, Calif, the motor of which is 
mounted at the bottom inside the casing,^power bdng 
carried to it by a power cable and copper oil tube carried 
outside the discharge pipe to the surface. It can be 
in8^Mdled in a crooked slope, shaft or bore hole, and turned 
' at any angle at the bottom. Sizes are from 10 to 10 000 
gal per min. 

Gatherltu; pumps, discharging into main sumps, usually ‘ 
require 3>10 hp motors, arranged for '* acroas-the-line ” 
starting, and are connected to the trolley system or feeder 
lines. They can be provided with a float switch for 
starting and stopping. 

11. ELECTRIC COAL CUTTERS (for com- 
presaed<«ir cutters, see Sec 15, Art 14 and Bib 9> 

Principal types; shortwall, longwall, turret or top cut¬ 
ter, and universal cutter, the earlier chain-breast type 
having given way to the shortwall machine. In 1939, the 
tendency is toward larger capacity motors, to meet the 
demands of double or triple shifting. For some special 
applications, motors of 100 hp (intermittent rating) are 
employed. Contactor control, with thermal and magnetic 
overload protective features, is in general use (20-25). 

Shortwall machine (Fig 10) has no stationary guide 
frame, and for moving is mounted on a truck, propelled by 
gearing connected to the cutter motor. It carries a reel 
holding 200-600 ft of trailing cable. The cutter head is a 
narrow rectangle, with driving sprocket at one end and an 
idler at the other. By rope or chain feed, the machine 
pulls itself into the coal face to the length of cutter bar 
and then travels sidewise, cutting close to the floor and 
sliding on it. The machine can also out at a determined 
height above the floor. In mines worked with conveyer 
systems, the truck is not generally used, as the machine 
remmns in place until the mining is completed there. A 
recent depai'ture from heavy designs in shortwall machines 
is the Sullivan “ Buddy,” with 15-hp motor.. ^eing de¬ 
signed for conveyer mining, it has no caUe redi or truck. 

Longwall machine (Fig 11) resembles the shortwall, 
but has a longer and narrower body, with the cutter bar 


Fix P. Submeraible Electric- at right angles to the frame. Little used in this country 
driven Centrifugal Puup present, but its use is likely to increase in thin 


seams. 


Turret or top cutter (Fig 12) is generally track-mounted, with two motors, one pro¬ 
pelling the machine, the other driving the cutter chain. It is now less used thafl formerly. 
The cutter bar operates in a horiz plane, with limited vert adjustment for variations in 
height of seam, or dirt bands to be cut out. This machine is also availaUe with cutter 
bar arranged to cut at or near bottom of the seam. One design of turret maohiiie is not 
track-mounted, but moves across the coal face in essentially the same manner as the 
shortwall madine. 

VaiyerMl or track-mounted cutter (lEig 13). The outtor bar is adjustable ttO' working 
at any deshad angle and height, thus permitting shearing, or top, center, pr hc^m oaitiog 
to be made as conditions require. 





COAL CUTTERS 
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LFty 11. Jeffrey LoogfraU Coal Cytter 























HandUDf speed 
20 ft per min .. 



Fix 12. Sullivui Hoor-type, Turret, or Top Cutter (SB) 
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Coal euttera in general have one or more motors, to a max of about 100 hp. Present 
tendency is to increaw the power, because of continual service in machine mines. The 
(mrrent is usually a c at 2SO~600 volts, but d o can be used. 



12. MOVE LIGHTING BY ELECTRICITY (see also Sec 23) 

Lighting of mine buildings, offices, stores, shops and dwellings, should be at lo%’ ourrent 
potentials, preferably not over 125 volts, to reduce fire risk smd shock basard. This 
involves the use of a c current, with distribution at standard voltage of 2 200 and itep> 
down transformers of suitable capacity at centers of distribution. Large buildih{|Bi, as 
storehouses, should have S-wire systems at 110-220 volts, to reduce wiring costs. DwtdU 
ings may be grouped in blocks of 10 to 20 or more, supplied from a sini^e transformer. 

Underground lighting of haulagewaye is done by connecting 275-volt Isufips einidy or in 
groups in parallel to the mine d c trolley and feeder Circuits, except for 500-volt trolley 
Sysimns, in which case 110, 125 or 275-voU lamps may be connected in series as jFeqmre<L 
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At SHAFT BOTTOMS and similar areas of important activity, where a o drouits serve pumps 
and'hoists, a small step^iown toansformer may be used to reduce 2 200 volts to 110 , or 
110 «volt lamps used in series for 220 and 440>volt a c drcoits.. 

Miners* storage-battery cap lamps (see Seo 23) are widely used in nearly all mines. 
They are generally installed on a rental basis, under which the miner is assessed 6 to 8 ^ per 
shift, the mine operator paying 6 S to 850 per month to cover parts and servidng. '[^ere 
are two types: (a) Wheat lamp, having a 2 -eell lead-add storage battery, and (b) Edison 
lamp, with. 2 or 3-cell alkaline batteries. Both lamps are highly efficient and have 
the approval of the U S Bur of Mines for use in gaseous mipes. The Wheat lump com¬ 
plete weighs 3.6-4.5 lb, depending on the model; the Edison 4-5.4 lb. Makers also sup¬ 
ply lamps fitted with handles, for officials and others in inspection service. Spedal lamps, 
with red globes for trip or tail light duty, can be had with either storage or dry cell bat¬ 
teries. Flash lamps, having dry cells, are now made in permissible types. 


13. UNDERGROUND MECHANICAL LOADERS 

These comprise a large variety of equipment, nearly all of which is operated electrically. 
Full details of construction and applications are given in Sec 27. 


14. ELECTRIC-DRIVEN FANS AND BLOWERS 

Electric drive is now used almost exclusively for all kinds of mine ventilators. Con¬ 
stant speed motors are best adapted to this service, though variable speed is sometimes 
used. Details of fans and blowers are given in Sec 14. 


15. MISCELLANEOUS ELECTRICAL DEVICES 

Block-rignal systems (Fig 14), with red, green or yellow lights, for control of main-line 
haulage are available with manual or automatic operation, for lx>th of which ouiTent is 
taken from trolley circuits. Only one motor at a time can enter a single-track line. Sig¬ 
nals reduce waiting time at sidings, making' faster and more effic haulage. Manual 
operation involves opening and closing the circuits by hand; automatic systems are tisually 
operated by relays, receiving current by the passage of the trolley wheel or glider (see also 
Sec 11, 23). 

Rock-dust distributers of various sixes and capacities are available. Fig 15 is an 
example. One type has a 20-hp motor, with push-button control, which drives feed 
ecrew, agitator, and a high pressure blower capable of distributing 60-100 lb of dust per 
minute through 500 ft of 3-in hose, or through a fan-shaped nozzle. A recent design 
has 2 motors, one driving the blower, the other the agitator and feed screws. Rook 
dust distributers are not self propelling, but are usually moved by a cable-reel or storage- 
battery locomotive; or the distributer can be connected direct to the trolly wire with a 
trolley tap and rail clamp. For the general subject of rock-dusting see Sec 23. 

Photo-electric cells (electric eyes) and relays are applied in and about mines to 
promote safety and efficiency by automatic control or operation of equipment for: (a) open¬ 
ing and closing of doors for passage of locomotives and cars; (i>) throwing of track switches; 
(e) operating block-sigiral systems that protect main-line haulage; (d) giving warning of 
approach of locomotives and cars; (c) counting cars in trips; (/) checking number of men 
entering or leaving mines; (g) insuring proper spotting of mine cars on cages; (A) weighing 
cleaning plant rejected material. 

Mediaae detectors use the Wheatstone bridge principle of measuring eleo resistanee, to indicate 
the amount of methane present in mine atmos by measuring the change in resistance of a heated 
ptatiniim filament. A miner’s cap-lamp battery or diy cells supply the current for operating these 
devieea (for details, see See 23). 

ifiwa fg 0 aiipiei systcffit. One device consists of a contact attachment to the fan 
shaft, whieh interrupts a circuit to one or more incandescent lamps. The rate of flickering 
gives a vjsoal indication of the fan speed. Another device employs an «r vane in the fan 
housing. Wheh the fan stops, or the speed drops too low, decrease in air pressure 
causes the Irene to drop and dose contacts to complete the circuit to an audible' signal. 
A propeller-driven generator is connected to a voltmet 6 r,^with scale calibrated in rpm. 
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16. TYPES OF ELECTRIC MOTORS FOR MINE SERVICE 

The following tables of sises and prices of motors are condensed from catalogues bf the 
General Electric Co, dated Jan 1, 1939. Prices of other makers correspond closely with 
these tabulations. 

Table 9. Squirrel-cage Induction Motors, Normal Torque, S8-Cycle 

Type K, normalitarting current; KF, low-starting current. Constant speed, S-phase; each 

unit at 220, 440 and 550 iroltii 
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Tabl* 10. Sqiiin«l«cBgc Isdoetton Motors, Constsnt-spoed, S- or t-pluMO* 00 Cpdos 

Type K, normsl'torque, nornwl-etarting eorrent; KF, normsl-torqae, low-etsrUng eiurent; EQ, 

high-torque, low-etartiog current 



Syn- 

Hp ohronoua, 
rpm 


Price,* $, Type K 

Sleeve¬ 

bearing 

Ball¬ 

bearing 

23.25 

25.60 

25.60 
36.00 

39.60 

27.00 

29.35 

29.35 

40.00 

43.60 


Price,* $ 


Sleeve¬ 

bearing 


K, KF KG K, KF KG 


Ball¬ 

bearing 


Syn- 

Hp ebronous, 
rpm 




Syn- 

Hp ebronous, 
rpm 


Price,* $. 

TypeK 

Sleeve- 

Ball- 

bearing 

bearing 

29.25 

33.25 

32.20 

36.20 

36.00 

40.00 

39.60 

43.60 


Price,* I 


Sleeve- 

bearing 


Ball¬ 

bearing 


K. KF KG E, KF KG 
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TaU« 10. Squirrel-cage laductton Motors, Constant-speed, S- or S-p]iase,00 CydesCCofuC'd) 



Price,* I 


SyD- 

obronoue, 

rpm 


Sleeve¬ 

bearing 


Ball¬ 

bearing 


K.KF 


K.KF 



Price,* $ 


Syn- 

ohronoue, 

rpm 


Sleeve¬ 

bearing 


BaU- 

bearing 


KG K,KF KG 



^ Motor only, a. Type K only, b, Type KF only. Motors of Vs, V4 and Vs hp ere also made; 
also motors of other speeds than those listed. All are open-type, SO^yele, polyphase motors, rated 
40* C; when operated on SO oyclee at listed voltages will ran without injurious heating, not exceed¬ 
ing 50* C rise; 60-cycle ratings and prices apply. Sync speeds are S/g of those at 00 cycles. 


Table 11. Totally-enclosed, Fan-cooled, Squirrel-cage Induction Motors, Standard and 
Ezploeion-proof; Constant-speed, 3- or S-phase, 60 Cycles 

Type K, normal-torque, normal-starting current; KF, normal torque, low-starting cuiTent; KG, 
nigh-torque, low-starting current; all units ball bearing 



Price,* $ 


K, KF KG K, KF KG 


For 110, 22b, 440 and 550 volts 


*/4 

720 

93a 


Ilia 

1 

720 

M2a 


134a 


600 

I2la 


143a 

IV« 

720 

I2la 


M3a 


600 

140a 


164a 

2 

3 600 

76a 


96a 


1 800 

76a 


94a 


1 200 

82a 


lOOa 


900 

113a 


135a 


720 

140a 


164a 


600 

183a 


214a 

3 

3 600 

85a 


103a 


1 800 

82a 

85 

lOOa 


1 200 

99a 

102 

I2la 


900 

135a 

140 

159a 


720 

183a 


2l4rt 


600 

207a 


238a 

5 

3 600 

97o 


Il5a 


1 800 

99a 

102 

I2la 


I 200 

I3la 

135 

155a 


900 

178a 

184 

209a 


720 

207a 

. 

238a 

n/a 

3600 

1246 


1466 


1 800 

131 

135 

155 


1 200 

172 

178 

203 


900 

201 

208 

232 

10 

3 600 

1616 


1856 


1 800 

172 

178 

203 


1 200 

194 

201 

225 

If 

3 600 

2016 

. . _ _ 

2326 


1 800 

194 

201 . 

225 

20 

3600 

2286 


2596 


Hp 

Syn¬ 

chronous, 


rpm 


Price,* I 




571 
679 
6236 
594 
679 
816 
I 022 
I 191 
7966 
763 
816 
939 
I 173 
I 314 
88Sb 
850 
939 
I 098 
I 266 
I 442 
I 1796 
I 085 
I 234 
I 374 
1 575 
I 803 
I 5626 
I 356 
I 601 
I 693 

1 919 

2 191 
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TaUa 11. TotaUy-^nclMsd, Pui-cool*d, Sqiiiml>c«C« Indvcttos Motor*, Standard 
and Bxploaion-proof; Conatant-speod. 8- or S-pfaaao, 60 Cpdoa (Conttmiod) 

Type K, normal-torque, normal-etarting currenti KF, normal-torque, low-etarting eunent; KG, 
high-torque, low-etarting eurrent; all unite ball-bearing 


Hp 

Syn- 

ohro- 

nouSf 

rpm 

Price,* $ 

Hp 

Syn¬ 

chro¬ 

nous, 

rpm 

Price,* $ 

Standard 

Esjdosion-proof 

Standard 

Explosion-proof 

K.KF 

KG 

K.KF 

KG 

K, KF 

KG 

K,KF 

KG 

For 2 200 rolta | 

For 220, 440 and 550 volts 

125 

3 600 

1 8806 


2 0566 


40 

3 600 

4776 


5456 



1 800 

1 595 


1 746 



t 800 

461 

507 

552 

598 


t 200 

I 874 


2 050 



1 200 

546 

601 

637 

692 


900 

2 067 


2 265 



900 

695 

758 

786 

849 


720 

2 254 


2 473 



720 

901 


992 


150 

3 600 

2 1456 


2 3496 



600 

1 015 


t 117 



1 800 

1 830 


2 005 


50 

3 MO 

6506 


KlTl 



1 200 

2 151 


2 356 



IMO 

630 

687 

KU 

778 


900 

2 360 


2 589 



1 200 

695 

758 

KtI 

849 


720 

2 509 





900 

818 


909 


200 

3 600 

2 6786 


2 9386 



720 

1 043 

MUM 

1 147 



1 800 

2 291 


2514 



600 

1 148 

HHHil 

1 263 



1 200 

2 737 


3 005 


60 

3 MO 

7526 


8436 









1 800 

729 

795 

820 

88< 

For 220, 440 and 550 volts 

a 

1 200 
900 

STS 

944 


909 

1 038 


5 


281a 


326a* 



720 

1 153 


1 268 


7V2 

720 

281 

nmnj 

326 



MO 

1 305 


1 436 


600 

342 

HHHj 

408 


75 

3 600 

1 0466 


1 1376 


10 

900 

263 

276 

308 



1 800 

964 

1 042 

1 055 

1 133 


720 

342 


408 



1 200 

1 101 


1 211 



600 

383 


449 



900 

1 243 


1 367 


15 

1 200 

263 

276 

308 



720 

1 486 


1 635 


900 

320 

336 

386 



600 

1 682 


1 850 



720 

383 


449 


100 

3^0 

1 4416 


1 5856 



600 

482 


573 



1 800 

1 265 


1 392 


20 

1 800 

247 

259 

292 



1 200 

1 480 


1 628 


1 200 

320 

336 

386 



900 

1 566 


1 723 



900 

358e 

377 

424 



720 

1 873 


2 060 



720 

482 


573 



600 

2 120 


2 332 



600 

'600 


691 


125 

3 MO 

1 7596 


1 9356 


25 

3 600 

2816 


3266 



1 800 

1 509 


1 6M 


1 800 

272 

286 

317 

331 


1 200 

1 763 


1 939 



1 200 

358 

377 

424 

443 


900 

1 982 


2 180 



900 

438 

482 

529 

573 


720 

2 189 


2 408 



720 

MO 


691 


150 

3 600 

2 0386 


2 2426 



600 

764 


855 

. * • . 


1 800 

1 748 


1 923 


50 

3 600 

354b 


4206 



1 200 

2 048 


2 253 


i 800 

358 

377 

424 

443 


900 

2 290 


2 519 



i 200 

438 

482 

529 

573 


720 

2 451 





900 

546 

601 

637 

692 

200 

3 MO 

2 6036 


2 8536 



720 

764 

855 



i 800 

2 233 


2 456 




901 


992 

. 


1 200 

2 679 


2 947 



o. Type K only. b. Type KF only, e, for Type K; 1338 for Type KF. •Motor only. 
Exploeion-proof motors for basft'doua gM conditions are tested and listed by the Underwriters* 
Laboratories, and must be specified for this service, that they may bear the Underwriters* Label 
whi«A intUoates factory inspection by Underwriters’ representatives. 


The motors listed in Tables 10 and 11 are in quite general use. In ordering, consult 
the General Electric Co's catalogue of Jan 1, 1939, which also contains details of the 
starting deviees, both manual and m a gne tic. 
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Table It. Oeaeral-eerviee, Woand-xotor Indactioa Moton; CoaeMiit and Adjottable- 

varying-apeed, S- and S-phase, 60 Cydea 


Price • « 


Price,* $ 


Hp. 

OOD- 

tinuoua. 

40*riee 


Syn- 

ohroBoua, 

rpm 



Toiuaee, will operate witnout injunoue heating, not exceeding fiO C rue: aixty-oycle hone] 
rauaci and prices apply; synchronous speeds vul b* V6 of tboee at 60 cyi^, * Motor only. 
















































TYPES OF ELECTBIC MOTORS FOB MINE SEBYICE 16-29 


Table 13 liats i^elironoua motora, which have limited application where power 
factor correction is required. Usually, m mines, synchrhnous motor-generator sets are 
employed for this purpose. To ihcrease their use, rotaries or rectifiers may be 
advantageous. 


Table IS. General-eetrice, High-speed Synchronons Motors 


Vdts 

1.0 Powra-factor 

0.8 Power-factor 

220, 440, 550 

2 200 

220, 440,.550 

2 200 

Hp 

Speed, 

rpm 

Motor 

only 

Exciter 

Motor 

only 

Exciter 

Motor 

only 

Exciter 

Motor 

only 

Exciter 

20 

B a 






$149 

$601 

$149 

25 


$570 

$149 

$601 

$149 

bII 

149 

614 

149 


900 






252 

711 

252 

30 

1 200 

583 

149 

614 

149 

607 

149 

639 

149 


900 

670 

252 

711 

252 

712 

252 

749 

252 


720 





837 

288 

881 

288 


1 800 



mnnm 


1 030 

i28 

mrrm 

128 


1 200 

607 

149 


149 

638 

173 

672 

173 


900 

712 

252 

mSM 

252 

748 

252 

788 

252 


720 

837 

288 

881 

288 

878 

323 


323 


600 





1 043 

363 


363 

50 

1 800 

1 030 

128 

1 085 

128 

1 067 

128 


128 


1 200 

638 

173 

672 

173 

656 

173 

691 

173 


900 

748 

252 

788 

252 

796 

289 

837 

289 


720 

878 

323 

923 

323 

936 

323 

. 986 

323 


600 

I 043 

363 

1 098 

363 

1 101 

363 


363 


1 800 

1 067 

128 

1 123 

128 

1 195 

128 

1 195 

128 


1 200 

656 

173 

691 

173 

755 

173 

755 

173 


900 

796 

289 

837 

289 

862 

289 

862 

289 


720 

936 

323 

986 

323 

1 000 

384 

1 000 

384 


600 

1 101 

363 

1 170 

363 

1 179 

427 

1 179 

427 


220, 440, 550 and 2 200 Volta 


Hp 

Speed, 

rpm 

1.0 power- 
factor 

0.8 power 
factor 

Hp 

Speed, 

rpm 

1.0 power- 
factor 

0.8 power- 
factor 

Motor 

only 

Exciter 

Motor 

only 

Exciter 

Motor 

only 

Exciter 

Motor 

only 

Exdter 

75 


1 195 

128 

1 317 

128 

125 

600 


■!l 

I 487 

543 

• 


755 

173 

676 

252 


514 

Be > B 


1 680 

613 



8o2 

289 

974 

289 

150 

1 800 

B»TB 

WL'M 

1 742 

146 


720 

1 000 

323 


384 


1 200 


252 

1 289 

292 


600 

1 179 

427 

1 295 

427 


900 

1210 


1 416 

329 

100 

1 800 

1 317 

128 

1 432 

128 


720 

1 307 


1 537 

480 


1 200 

876 

252 

976 

252 


600 

1 487 



543 


900 

974 

289 

1 095 

329 


514 

1 680 


1 863 

613 


720 

1 106 

323 

1 210 

364 

200 

1 800 

1 742 

146 




600 

1 295 

427 

1 398 

427 


j 200 

1 289 

252 




514 

1 506 

485 

1 597 

613 


900 

1 416 

329 



1.25 

1 800 

1 432 

128 

i 549 

146 


726 

1 537 

384 



i 200 

976 

252 

1 085 

292 


600 

1 700 

427 





1 095 

289 

i 210 

329 


514 

1 863 

485 




720 

1 210 

323 

1 307 

364 






Direct-current, constant speed motors are widely employed for opiating coal-cutters, 
undergrotmd mechanical conveyors and loaders. Sizes smaller than those listed in 
TaUe 14 (from t/go hp to 71/2 hp) are also made and are useful for general service. 








































































16-30 ELECTRIC POWER FOR MINE SERVICE 


Table 14. 0«iMnd>Mtviee, CeatUat-apeed, Direet-eomat Hatan, Shaat-, Satlas*, aatf 

Caatpboad-waoad, Caamutatiac-ptda 


Hp 

Rated 

fuU-load 

baaio 

■PMds 

rpm 

Max 

P^oe, 8, 
motor only, 
shunt-wound 

Addi¬ 
tions t 

Hp 

Rated 

full-loac 

basic 

speed, 

rpm 

Max 

speed* 

Price, 8, 
motor omy, 
shunt-wound 

Addi¬ 
tions t 

•peed* 

Sleeve- 

bearing 

Ball¬ 

bearing 

Sleeve¬ 

bearing 

Bdl- 

bearing 

H5 and 230 volts 



230 volts 



10 

3 500 


345 

362 

ajs 

25 

3 500 


557 

585 

b 


1 750 

A 

.282 

296 

ak» 

30 

3 500 


623 

654 

e 


1 150 

C 

345 

362 

akt 

40 

3 500 


726 

762 

e 


050 

D 

411 

432 

akt 


1 750 

B 

578 

607 

emu 


690 

F 

472 

496 

bU 


1 150 

B 

743 

780 

emu 


575 

I 

546 

573 

m 


850 

H 

912 

958 

emt 

15 



421 

442 

aka 


690 

F 

1 010 

1 061 

emw 


1 750 

A 

344 

361 

akt 


575 

I 

1 215 

1 276 

dny 


1 150 

C 

422 

443 

akt 

50 

3 500 


847 

889 

e 


850 

. D 


531 

bU 


1 750 

B 

702 

737 

e 


690 

F 

553 

581 

bU 


1 150 

B 

860 

903 

* emt 


575 

I 

684 

718 

emu 


850 

H 

1 051 

I 104 

dnw 

20 

3 500 



515 

bU 


690 

K 

1 210 

1 27! 

dny 


1 750 

A 

398 

418 

akt 


575 

I 

1 396 

1 466 

dny 


1 ISO 

C 

492 

517 

bU 

60 

1 750 

B 

756 

794 

e 


850 

D 

598 

628 

emt 


1 ISO 

B 

978 

1 027 

emit 


690 

F 

674 

708 

emu 


850 

J 

1 185 

1 244 

dny 


575 

I 


845 

emu 


690 

K 

1 361 

1 429 

dny 

25 

1 750 

A 

448 

470 

bU 


575 

L 

1 565 

1 643 

dna 


1 150 

C 

559 

587 

bit 

75 

1 750 

B 

894 

939 

e 


850 

D 

685 

719 

emu 


1 150 

E 

1 142 

1 199 

dnx 


690 

F' 

762 

800 

emu 


850 

J 

1 366 

1 434 

dny 


575 

I 

924 


emt 


690 

K 

1 591 

1 671 

dns 

30 

1 750 

B 

494 

519 

m 


575 

L 

1 815 

1 906 

dfis 


1 ISO 

C 

621 

652 

emu 

100 

1 750 

B 

1 117 

1 173 

d 


850 

D 

764 


emu 


1 ISO 

E 

1 405 

1 475 

d 


690 

F 

857 


emt 


850 

J 

1 655 

1 738 

dns 


575 

I 


BlirlV 

emus 


690 

K 

1 912 

2 008 

to* 








575 

L 

2 160 

2 268 

eoF 



113 voice 



125 

1 750 

B 

1 331 

1 398 

d 

25 



836 

878 

b 


1 ISO 

0 

1 655 

1 738* 

d 

30 

3 500 


935 

982 

c 


850 

J 

1 932 

2 029 

to* 

40 




1 143 

e 


690 

L 

2 160 

2 268 

aoY 


1 750 

B 


637 

emu 


575 

M 

2 529 

2 655 

eoY 


1 150 

E 


819 

emu 

150 

1 750 

B 

1 538 

1 615 

d 


850 

H 

958 

1 006 

emt 


1 150 

G 

1 896 

I 991 

e 


690 

F 


1 114 

cmw 


850 

J 

2193 

2 303 

e 


575 

I 

1 276 

1 340 

dny 


690 

L 

2 529 

2 655 

eoY 

50 



1 271 

1 335 

c 


575 

M 

2 892 

3 037 

gpB 


1 750 

B 

737 

774 

e 

200 

1 750 

B 

1 949 

2 046 

S 


1 150 

E 


948 

emt 


1 150 

G 

2 361 

2 479 

*, 


850 

H 

ntiB 

1 159 

dnw 


850 

J 

2 691 

2 826 

/ 


690 

K 

1 271 

1 335 

dny 


690 

L 

3 no 

3 266 



575 

J 

1 466 1 

1 539 

dny 


575 

M 

3 533 

3 710 

irZ 


* By field control (Bhunt>wouttd oonatant-epced motors), rpm: 


A, 2 190 

D, 1 700. 

F, 1 380 

H, 1 275 

J, 1 065 

L, 865 

A^.720 

B, 1 925 

C. 1 725 

E, 1 440 

G, 1 325 

J. 1 ISO 

li, 1 035 


t Additions (not tr be used as separate prices): First symbol refers to additional cost of com¬ 
pound- or series-winding; second symbol, additional cost of base; third symbol, additional cost of 
pulley; aU as listed below. 


Comi>ound- or eeriee-winding 

Base 

Pulley 

a, $10 

/. $ 81 

}, 8«0 

0, $ 59 

s, $ 4 

*, 818 

b, $16 

r. 8 87 

k, 815 

P, 1116 

(.15 

Pf 825 

c, $30 

h, 1 93 

f. $18 

«. $124 

«, $ 7 

•v 

d, $39 

1, $106 

m, $24 

r, $141 

*.8 8 

r, 846 

e. $67 


n. $36 


V, 816 

Z. 867. 


The foregoinc tatdee of different types and sizes of elec motors, with their list prioes, 
are intended to be'illustrative only, in aiding enginem's to make preliminary estimates 
of mine pbmt. As already stated, sizes having other horsepowers, speeds ud voltage 
are also manufactured. 

Bendes the types listed in the tables, there are variaUe-speed motors, geared motmv, 
induction motor-generator sets, and direct-current generators and exciters, most of which 
have rather limited fidds of use for mine service. For mformation regarding them, anply 
to the makers. 
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17. MAKERS OF ELECTRICAL MINE EQinPMENT 

(Approved by the U S Bureau of Mines) 


Air eompru$9n 
Qenend Electric Co. Erie, Po 
Instt«oIl-R«nd Co. Pointed Poet, N Y 
SuUivon Moebinery Co. Miohigon City, Ind 

Loading nutehinea and cimeeyeri 

ray Mfg Co. Columbue, Ohio 
Myere-Whaley Co. Knoxville, Tenn 
. Joy Mfg Co. Franklin, Pa 
Sullivan Machinery Co. Claremont, N H 
Goodman Mfg Co. Chicago, Ill 
Duncan Foundry it Machine Works. Alton, 
Ill 

Brown Faro Co. Johnstown, Pa 
Northern Conveyor-& Mfg Co. Milwaukee, 
Win 

Fairfield Engineering Co. Marion, Ohio 
Bertrand P. Tracey Co. Pittsburgh, Pa 
Mancha Storage Battery Locomotive Co. 
Chicago, III 

Fairmont Mining Machinery Co. Fairmont, 
W Va 

Crawford Machinery Co- Pittsburgh, Pa 
La-Del Conveyor A Mfg Co. New Phila¬ 
delphia, Ohio 

Vulcan Iron Works, Wilkes-Barre, Pk 
Coal driUa 

Chicago Pneumatic Tool Co. devdand, 
Ohio 

Martin-Bardsocg Co. Pittsburgh, Pa 
Jeffrey Mfg Co. Columbus, Ohio 
Ohio Brass Co. Mansfield, Ohio 
Sullivan Machinery Co. Claremont, N H 
Colonial Supply Co. Pittsburgh, Pa 


Idining maehinoo (coal etdfars) 

Sullivan Machinery Co. Claremont, N H 
Ooodmaa Mfg Co. Chicago, Ill 
Jeffrey Mfg po. Columbus, Ohio 
Mfg Co. Franklin, Pa 

Acorn htrida 

Brown Faro Co. Johnstown, Pa 
Sullivan Machinery Co. Claremont, N H 
Flood City Brass A: Electric Co. Johnstown, 
Pa 

Ingenoll-Rand Co. Athens, Pa 
Mine pumpe 

Fairmont Machinery Co. Fdrmont, W Va 
Demine Co. Salem, Ohio 
Scranton Pump Co. Scranton, Pa 
Weinman Pump Mfg Co. Columbus, Ohio 
Boyts-Porter Co. Connellsville, Pa 
Harris Pump A Supply Co. Pittsburgh, Pa 
Brown Faro Co. Johnstown, Pa 
IngersoU-Rand Co. Phillipsburg, N J 

Rock-duet dietributere 

Mine Safety Appliance Co. Pittsburgh, Pa 
Diamond Machine Co. Monongahela, Pa 
American Mine Door Co. Canton, OUo 

Storage-batterv locomoffves 
Jeffrey Mfg Co. Columbus, Ohio 
Westinghome Elec ft Mfg Co. East Pitts¬ 
burgh, Pa 

General Electric Co. Erie, Pa 
Atlas Car ft Mfg Co. Clevdand, Ohio 
Goodman Mfg Co. Chicago, Ill 
Ironton Engine Co. Ironton, Ohio 
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SURVEYING AND DRAFTING INSTRUMENTS 


1. TAPES Ain> RODS 

Steel tepee are commonly 25, 50, 75, 100, 200, 300, or 500 ft long. To 100 ft, tlic^ are 
usually thin rtoel ribbons; the longctr tapes are tUcker and narrower, to lessen liability of 
kinking and to stand rougher usage. The lighter tapes are graduated throughout in feet, 
tenths, and hundredths; the heavier are usually marked by notched deeves, etchings, or 
brass rivets'at every 1>, 5-, 10-, or 20-ft point, with last foot on each end divided into tenths 
or>hundredtha. When 5-, 10-, or 20-ft points alone are marked, the last 6, 10, or 20 ft is 
usually graduated at every foot. 

Borne 200 or 300-ft tapes are made 201 ft or 301 ft long, the added foot graduated into tenths 
or hundredths. In most lighter tapes the sero-point is at end of ring, in some at the end of the 
steel ribbon, while in others it is 0.2 or 0.3 ft from end. The heavier tapes have a handle for each 
end, the sero and other end of the graduations then being marked on the ribbon. Bronse tapes 
are made for use in wet places, such ss mines. Metric tapes are in lengths of 10, IS, 20, 25, 30, 
and 50 m: many Mng graduated in feet and inches on reverse side. Common leni^ha of light 
metric tapes are 1.5' and 30 m, the heavier, 25, 60 and 100 m long. Most long tapes are on reels, 
which should be of ample sise, for a wet and dirty tape Oils a larger reel than a dean one, and long 
tapes for surface surveying at mines are also often used underground, where they become wet and 
dirty. 1kv.\r tafbm are for very accurate work. Due to temperature changes, their length changen 
only about Vss much as ordinary steel tape. U S Oov't uses 15 kg teneion for 50-meter Invar 
tapes. They are not made at present in the U S, but lOO-ft Invar tapes are obtainable. 

Steel tapes fitted with thermometer for temperature corrections, and with spring bal¬ 
ance handle for measuring amount of pull, are used chiefly in city surveying. Broken 
tapes can be mended by riveting on back of tape a piece of old tape of same width; com¬ 
plete tape-mending kits are sold for this purpose. Tapes graduate in feet and inches are 
used particularly in building construction. 

Cloth and metallic tepea are common; the former stretch readily and are useless for 
surveying. A metallic tape is of cloth with fine brass wires woven into it to prevent stretch¬ 
ing. These are usually graduated into feet, tenths, and half-tenths, and made in lengths 
of 25 to 100 ft; sometimes with feet divided into inches. A 50-ft metallic tape mi^ be 
in error as much as 0.5 ft, owing to rough usage and alternate wetting and (hying; hence 
it should be used only for rough work. 

The coat of a 100-ft tape and box is from $5 to $20. The heavier tapes, exclusive of 
reels, coat $5 to $12 per 100 ft, and can be obtained up to 1 000 ft; the ordinary reels for 
long tapes cost $3 to $20; certain special reels for mine surveying cost as high as $25. 
Metallic tapes 50 ft long cost $3 to $4. Bronse tapes are a little more expensive than 
ordinary steel tapes. 

Pocket steel tapes from 3 ft up are for accurate measuring when long tapes, marked only at the 
5-, 10-, or 20-ft points, are used. Lengths: 3, 5, 6, 8, 10 ft; 1, 1.5, 2, 2.5 meters. To convkbt 
HBAB unBMBNTB recorded in tenths and hundredths of a fpot into inches and fractions, the following 
equivalents may be used: 

Decimal of foot - 0.01 0.08 0.17 0.26 0.60 0.75 

Inches •■Vs" 2+ 3 6 fl 

If these values are memorised, decimals of a f(x>t may be (juickly transposed into inches, for examfda: 
0.72 ft - 0.75 ft - 0.03 ft - 0 in - S/g in - 66/g Li, 

Odometer is an instrument attached to a wheel of a vehicle, to record number of revo- 
lutionamade by wheel in traversing between two points; rev X circumf » distant^. 

Pedometer is an instrument to record the distance traversed by a person carrying it; it 
ia adjustable for different lengths of pace. 

Stedig method of measuring distance (see Art 22). 

LovaUng roda are of two types, tabgbt and aKnF-RKADiita; former is read by rodman, 
latter by levelman. Commonest forms of target rods are the Boston, the New York, and 
the Philadelphia; the Philadelphia can be used also aa a sdf-reading rod (Fig 1). Musi 
rods made of 2 or more sections, so that they m^ be extended!. Target ol Boston 
rod ia permanently fastened to one atrip of the rod; iMa requires that for readings higher 
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than the n&ekteoded tod the rod must be invertod, which introduoea an error if foot of rod 
fai worn ao that the target is not in correct place with reference to the aero of vernier eoale. 
The other target rods are dwayaueed rightnude up and have movalde targeta. The New 
York rod haa a vernier for reading to a thouaandth of a foot (Art 2); moat Philadelphia 
roda have a wtale reaemUing a vernier, which givea the hundr^ths and makea it eaay to 
eatimate thouaandtha, thua aerving every purpoae of a vernier. All theae roda are uaually 
S or 7.fi ft long and are extenuble for readinga up to 11 or 13 ft. They are also made 3 ft 
long, widtextenaion to 5 ft, and 6 ft long with extennon to 9 ft. for uae underground. 

A adf-reading rod haa graduations (usudly every hundredth of a foot) painted on its 
face, ao that it can be read tiirough tdeawpe by the levelmsn. The figures and graduationa 
on face of rod are uauidiy of a definite pattern, thus aiding levelman to read hundredths 
and estimate half-hundr^ths of a foot. Self-reading rod for ordinary work has man)- 
advanti^es over target rod. A rod equipped with clamps having screw-heads, which 
lie oloae to rod and are protected by a metid guard, is preferaUe to a rod with outstand¬ 
ing screws, especially if rod k to be shipped from place to place. Ordinary leveling rods 
cost $10 to $SM). 

One-piece 12-ft rods are accurate and cheap, but not raadily portable. They have 
hardwood edges, extending slightly beyond face of rod, to protect edges and face. 

Stadia (or itelemeter) rods 




are usually of soft pine, with a 
face 3 to 4 in wide, on which 
distinctive diagrams are paint¬ 
ed, to be clearly distinguished 
at distances of 1000 ft or 
more. For stadia sights not 
greater than 300 ft, the ordi¬ 
nary Philadelphia rod is suit- 
able; for sights up to about 
600 ft, either tbe first or second 



Fig 1. Leveling Rods 


Fig 2. Stadia Roda 


rod shown in Fig 2 is suitable; for longer tights the third rod in Fig 2 is best. Many 
surveyors make their own stadia rods, because those sold have too narrow a face, with 
too many figures and graduations, and are not marked with clear, distinctively shaped 
diagrams. For ease in transportation, stadia rods are frequently in two parts, hinged 
at about the 7-ft mark; if hinged, it is well to provide a hard-wood cieat for back of 
rod, to strengthen hinged joint. In Fig 2 two of the rods have cross-hairs marked on them, 
to lAow how they are read (Art 22 and 23). 


2 , VERNIERS 

Vsntier » used for determining fractional part of amalisst divition of a scale 'more 
accurately than it can be estimated by eye. The simidest form (used on some leveling 
rods) is shown in Ffg 3, where one unit on ro^ i* divided into 10 equal parts. I^e entire 
length of vernier equals space occupied by 9 divisions of scale; if then the vernier length 
be subdiVidl^ mto 10 equal parts, one divition on vernier will be */io as large as one divi¬ 
tion on scale, the index (sero-point of vwmier) in Fig 3 ie at 3 on tlm scale, tben»distanoe 
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<A must be i/io of one of scale divisionsitand ed is >/to of a so^e divuion. 'If vernier be 
raised until a comes opponte b, then reading will be 301; if e comes opposite d, the reading 
is 302. Hence, in the ease of a decimal vernier, the number <d that iiiw on vernier which 
coincidee with any line (m scale gives the number of tenths of the smallest diviraon on scale 

by which the index point lies beyond the last preceding scale 
divisiont For example, reading at right of Fig Sl is 320. 

Transit verniers are usually double, one on each side of the 
index, so that angles can. be measured either clockwise or coun¬ 
ter-clockwise. Against the horix circle of ordiniwy transit 
there are usually four verniers, in purs (Art 4). A I-min 
instrument has its horis circle divided in half-degrees and there 
are 30 divisions on the vernier; a 30-aec instrument has drcle 
divided to 20 min, with 40 divisions on vernier; a 20hwo 
instrument has circle divided to 20 min, with 60 divisions on 
vernier; and a 10-sec instrument has circle divided to 10 min, 
with 60 divisions on vernier. 

The vernier of a I-min instniment is constructed by divid¬ 
ing into 30 equal parts the space occupied by 29 half-degrees on 
circle; the difference between one division on circle and one of 
vernier is therefore 1 min of arc. A pair of verniers is thus con¬ 
structed on both sides of a sero-point (or index). If the pair 
of verniers is then placed so that their common sero-point 
coincides with one of the divisions, say 0° point on circlor then 
the 30-min line on each vernier will also coincide with the 14’ 30' 
line on circle, and the first lines on either side of zero of vernier 
will fail to coincide with the corresponding lines on dreie by 
1 min, the second line on either side of the zero of the vernier 
will fail to coincide with its nearest mark on circle by 2 min, 
and BO on. If now the vernier be moved so that the next line 
to its zero-point coincides with its nearest line on circle, one 
vernier will read 1 min and the other 29 min; and the reading 
will be either 0® 01' or 359® 69', depending upon whether angle 
is read clockwise or counter-clockwise. Therefore, to read an 
angle on a transit, note the last division on drcle beyond which vernier index has passed; 
then follow along veiuier in same direction to the first line which coincides with any line 
on circle, and add the qumber of this line to circle reading. Thus, Fig 4 represents a 
1-min horiz circle with double vernier, which reads (remembering that it is the vernier 
that moves) 350® i4' clockwise, or 9® 16' counter-clockwise. 
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Fig 3. liSveling 
Rod Veroier 



Ciield 

Fig 4. Horicontal Circle, with Double Vernier 


Single verniers ere used with the horiz circle of some instruments, on which a double vermar 
would be in the way of the telescope standards; for example, on a 20-seo transit a single vernier 
corresponds in length to about 2U® of arc. A single vernier has two sero-points, one at each end, 
and is numbered to read from either end. To measure an angle, one or other vernier index-pdnt is 
set at 0® of the circle, detrending upon the direction in which angle is to be measured. 

Pelded vernier is a short, single verniw, sometimes used with vert circles of transits and fdane 
tables. It is designed to shorten the single vernier to half its ordinary length, so that it can be placed 
between legs of the standards. The index point is the middle division; the numbering goes from 
middle to left end, and then begins again at right end and runs to middle. Similar numbers run ha 
reverse direction, starting at middis and running to right. In reading such a vernier, if 4 oohudf 
dence is not reached between middle and farther end, return to the other end of vernier and! eontu^tHI 
in same direction, toward the center, until ooiifeidenoe is found. 

Retrograde veraiere are those in which yernier diviHons are longer than circle idvisiopB. They 
are found only on old surveying instruments. In the ordinary verniers described above, a vernier 
division is always smaller than a eirele dlvisiou; theee are ealM mnnci' vnamans. 
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3. THE COiAPASS 

8iUTeyor*« comptM is used to determine the maokbtio bsahino of • line, that is, the 
horisontal angle betwe«i the line and a magnetic needle. The needle is balanced on a 
pivot in center of a dfeular box, the edge of whidi is usually graduated in half-degrees 
and is numbe^ from O'* to 00** in both directions from N and B ends of compase-tox; 
the needle swings freely in a horis plane. Attached to the oompass-box, in exact line wiUt 
its N and S points, are two vert sights- (sometimes a telescope) used for pointing the 
instrument. The compass is connected to a tripod by badl-and-socket joint, whieh is 
clamped after instrument has been made horis by two spirit levels attached to frame. 
The frame has a spindle which fits into the ball-and-socket joint, so that after instrument 
hM been leveled it can be swung around in a horis plane. A small obunterweight is 
attached to 8 end of needle (in the northern hemisphere) to prevent needle from dipping 
and thus rubbing f^;ainst glass top of compass-box. For compasses used in mines, and 
their limitations, see Sec 18, Art 4. 

To use the compass, first set it up at the point, level it, let the needle down on its pivot, 
then point the sights along the line of which the bearing is required. Since the needle 
points north, and the box turns under it, the letters E and W on the box are commonly 
reversed from their natural position so that the reading of needle will give the proper 
quadrant directly. The bbabino of a line, sometimes called the fokwako bbaiuno, is the 
angle it makes with needle when looking along line AB from A toward B, The bearing 
of same line, looking from B toward A, is called the bevxrse bbabino. To obtain the 
bearing of a line, always read N end of the needle if N end of the box is toward the station 
of which the bearing is desired; when S end of box is toward that station, read S end of 
needle (the one to which counterbalmice is attached in the northern hemisphere). If 
wrong end of needle be read, the bearing noted will be the reverse bearing. For difference 
between maonbtio and trvb bearing see Art 10. 

Precautions. When not in use, needle should be kept raised from pivot by the screw 
and lever provided for that purpo.se, to avoid dulling pivot-point. Before reading bear¬ 
ing, be sure the needle has been let down on its pivot, and tap the glass lightly over end 
of needle, to be sure it is not touching under side of glass. If needle appears to cling to the 
cover, the glass has probably become electrified; that can be corrected by placing a 
moistened finger on the glass. The clinging of the needle to the glass may also be due to 
carelessness in leveling the compass, to loss of magnetism, or to shifting of counterweight. 
In using compass, take care that no iron or steel is near instrument, to attract needle from 
true position. (Steel tape, pins, ax, pocket-knife, or steel in eyeglass frames are sources 
of error.) Electric currents affect needle so serioudy that a compass is of little use in 
cities, or in underground elec haulage ways, for obtaining even an approx mi^netic merid¬ 
ian. Some compasses have a movable inner circle, on which the declination can be laid off; 
care should be taken that this circle is set at 0° if declination is not to be laid off (Art 10). 

It is good practice to take both forward and reverse bearings of all important lines, 
because of liability of needle to bo deflected from magnetic meridian by presence of ferru¬ 
ginous rooks or other iron material; this deflection is called local attbactton. If the 
bearing of AB, taken from Sta A, and the bearing of BA, from Sta B, do not agree, local 
attraction exists at either A or B. To determine at which station it is present, take 
bearing of BC with compass at B, and then with compass at C determine bearing of CB. 
If these agree, local attraction is indicated at A but not at B. 

Adjustments of compass, (a) The bubbles arc adjusted in same mannerAis those on 
horis plate of a truudt (Art 4). (b) Straightening ne^le and centering piVot^ttmnt, the 
need for which is detect^ by noting whether S end reads 180° from N end; failuiB.to do 
so may be due to a bent needle or a bent pivot-point, or both. A bend in tieedle may be 
detected by reading S end of needle when N end points at some selected graduation, and 
then reading N end when S end points at same graduation. Bend .the-needle at'tiie 
middle, where metal is soft, until ends read the same in either position (though not neces¬ 
sarily reading 180° apart at either trial). The pivot may be centered by finding <by trial) 
the positioa of max difference between end readings in different parts of circle and bending 
pivot until any two end readings agree, (c) Re-magnetising the needle; by rtibbing it 
with a bar magnet from middle outward to mids, applying N end of magnet for tiie S end 
of needle, and vice vetea. 

The pocket compass is a hand instrument for obtaining roughly the bearing of a line. 
There are two kinds, FLA.ni and prismatic. Former iamuch like surveyor’s compass, 
except that it usu^ly has no sights. In prismatic compass the graduations, instep of 
being on compasstbox, may be on a card fastoaed to n^le (like a mariner’s oompam) 
and mo^’ing with it. This compass is general^ lacvided with lights; beming is -read by 
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means of a prism, or foldinc miiror, at same instant tiiat compass is siglited along line. 
Pocket compasses for surveying range in price from $10 to $60, the latter being pmajl, 
delicately constructed compasses, to carry in pocket for use with a tripod. The ordinaty 
surveyor's compass costs from $26 to $75, induding tripod. 

In using the Bbonton fockut tbanbit, the observer sees sinudtaneously the compass 
and the object sighted. This is accomplished by a hinged mirror, which reflects the line 
of sight upward, toward observer. A cnmoiiSTiiB (Art 5} is attached, for measuring the 
inclination of line of sight. 


4. TRANSIT AND ITS ADJUSTMENTS 

Engineer’s tfanait (sectional view. Fig 5) has two spindles, one fitting inside the other, 
to each of which is fastened a horiz drcuiar plate; the outer spindle is attached to lower 

plate, on which is a graduated 
drde, and inner spindle carries 
upper plate, to which the ver* 
niers and standards holding tele¬ 
scope are attached. The motion 
of these horiz plates is controlled 
by damps and tangent screws. 
On upper plate are two spirit- 
levels; the plates are leveM by 
4 (sometimes 3) leveling screws, 
working between base and lower 
plate. Transits having telescope 
bubble and vert arc are called 
enginbbr’s (or SCRVBrOB's) 
TBANSiTB;'a plain transit lacks 
these attachments. 

Telescope has a compound 
objective, and an eye-piece com¬ 
posed of 4 lenses, if instrument 
is an erecting transit, two lenses 
if inverting; an inverting instru¬ 
ment gives much better illumi¬ 
nated field. Between objective 
and eye-piece is the cross-hair 
ring, held in its concentric posi¬ 
tion by four opposing screws 
tapped into the ring, the heads, 
being outside the telescope tube. 

Spedal attachments are: (a) 
Dark eye-piece for obeerving 
min. (b) Diagonal or prismatic 
eye-piece for sighting high alti¬ 
tudes. (c) Reflector attached to 
telescope for illuminatiiMS oross- 
hurs when working in dark, 
(d) Gradienter screw for meipur- 
ing rates of grade directly, (e) 
Stadia hairs, which are two extra horiz cross-hairs for measuring distances by stadia, if) 
Solar attachment for determining meridian by observation on the sun. 

Precautions In care of transit. Neither tripod legs nor their shoes should be aDowed to 
become loose. In taking instrument out of its box, always lift it by placing the hands 
beneath leveling base. When about to move transit from one point to another, be sure 
that ^ 4 leveling screws are properly bearing, that needle is lifted, and that clrapS'are 
set just firmly enough so that any slight shock will aUow motion. Carry a waterimiof 
bag .at iAfi times to protect instrument from rain or dust. When transit must stand out 
in irain, the cap should be put over object glass and cye-piece closed; if water gets into 
telescope, tidce out eye-piece, cover ojion end of the telescope tube with a cloth, and allow 
it to dry out. Any parts that ^ve been wet should be wiped dry, especially vert are; but 
be careful not to touch edges of arcs; always avoid placing the hands on exposed gradua¬ 
tions, as they will tarnish the metal. In cleaning lenses, use fine camel-hair brash; fw 
screw thread, use stiff toothbrush and apply a yexy little-watch oil after cteoning, wiping 
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off expofled «erewB after oiling. Carry transit in a box when traveling on a vdiiele. Wban 
shipping, always enoloss traz^t in its ease, wilA all clamps tightened, pack papw about it, 
and enclose case in another box packed witii excelsior. Cover tripod threads witk wooden 
or metal cap when shilling. 

Adjustments 9t the tranrit ate: <a} to make plane of plate bubbles perpendicular to vert 
axis of instrument; (h) to make line of aig^t perpendit^ular to horia axis; (c) to make horia 
axis perpendicular to vert axis of inatrument. 

(a) Bubble tubes. Bring {dates bubUes to centers of leepecrive tubes by turning level¬ 
ing screws. Turn 180" and corr^ half of apparent error turning capstan screws of 
bubble'tubes. <Adjust each bubble independently. 

(h) Une of sight First, adjust vert cross-hair to lie in plane perpendicular to horia 
axis. Set up and levri the instrument. Sight the vert hair un a well-defined point, damp 
both plates, and move telescope up and down. If the point does not appear to travel along 
vert cross-hair, loosen screws holding cross-hair ring, and by tapping lightly on one screw, 
ro^te ring until'above condition is fulfilled. Then tighten screws and proceed with second 
part of adjustment as follows: Sight telescope at point A (200 to 300 ft away), and clamp 
vert axis; invert telescope on its horis axis and set a point B at about same dev as A, in 
line of sight, and about same distance from instrument as A. Loosen clamp, turn hori- 
sohtally and sight A again; clamp horia motion, invert telescope on horis axis and if line 
of sight falls on B it is in adjustment. If not, set point C in line of sight beside point B. 
Murk or note a point D one-fourth the distance between C and B. measured from C. To 
adjust, move cross-hair ring until D is intersected, by loosening screw on one side of tele¬ 
scope and tightening opposite one. If transit has an erecting eye-piece, move ring in direc¬ 
tion JD to C; if an inverting eye-piece, move ring in direction CtaD. 

(c)' Telescope standards, ^t up and level the transit. Sight on some high point A 
and clamp vert axis. Lower the telescope and set point B in line of sight about level wirii 
telescope. Reverse tdescope, turn instrument 180" horisontally, sight again on A and 
clamp. Lower telescope luitil point B is visiUe, and mark point C in lino of sight and at 
same height as B. If C does not fall on B, raise or lower adjustable end of horis axis by the 
capstan-headed screw imder it. Bring adjusting screw into position by a right-hand turn; 
otherwise the block on which,horis axis rests may stick and not follow the screw. Then 
tighten capstan screws just enough to avoid looseness of the baring. 

If an instrument is badly out of adjustment, it is better to bring it gradually into adjust¬ 
ment as a whole, rather than to attempt to adjust completely one part at a time. Then 
the adjustment of one part will not disturb preceding adjustments, parts cue not subjected 
to strains, and instrument will remain longer in adjustment. 

Telesccpe bubble (see "peg” adjustment, explained in Art 5). 

Vemlw of the vert circle should read 0° when telescope bubble is in center of its tube. 
If not, loosen screws holding vernier and tap lightly until the seros coincide. This adjust¬ 
ment eliminates what is called the indbx bhrob in measuring vert angles, provided line 
of sight is in adjustment parallel to bubble tube. 

Objective slide should move parallel to line of sight. Adjust line of sight as described 
luider (h) above, but use very distant objects; then repeat same adjustment urang points 
close by; if an error is observed in this last test, it indicates that the objective elide does 
not move parallel to line of sight. Adjustment is made by moving adjusting screws of 
objective riide apparently to increase the error by one-quarter of observed error. Then 
test adjustment.of line of sight again on distant points. The adjustments of objective 
slide, centering eye-piece tube, and centering the circles, are usually done by instrument 
makers. 

To eliminate effects of errors in adjustment, so as to obtain accurate results, Ike instru- 
mrat must be used as follows: To avoid errors in plate bubbles, turn 180" horisontally and 
bring bubbles half-way back to the middle by the leveling screw. Errors in line of sight 
and horis ras are avoided by sighting t^escope first in its direct and then in its reversed 
porition, «md taking the mean of the results, when running lines or measuring an^es. 
' Ehrors of eccentricity are eliminated by taking mean of readings of two opposite verniers, 
and errors of graduation of the circle are nearly eliminated by reading the angle in different 
parts of circle or by mmsuring the angle by repetition. When only one vernier is read in 
determining an angle, take care to read the one that was set at 0". 

Traasits edst from 1125 to 1500. They wrigh 5 to 15 lb, exclusive of tripode, wldefa weigh 7 to 
12 lb. Accurate resnita cen be obtained with the tighter transita having 3 Vs- to 4 Vs*ia horis 
circle. It is advisalde riot to use too li^t a tripod with light-wright instruments, on account of 
wind. 8tkf-leg tripods cost 815 to 526 and exte^on-leg tripods, 520 to 535. * 
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6. THE LEVEL AlTD ITS ABJUSTME]^ 

Eagiaaw’t Icrel is a telescope to whidi a delicate iQ>irit4evel is attached paraQel to liM 
of sight, so that, when bubUe is in center, the line of sighbis horis. The two common ts'pee 
are the Y> and the dtunpy-levels. In both the telescope is mounted on a vert aiia, abwt 
which telescope can swing horisontally, and is leveled by 4 leveling screws. 

Y-level has its spirit-level attached to telescope, which rests in two Y-ehaped supports, 
fastened to a horiz bar rigidly connected to vert axis. The telescope can be taken out 
of the Ys, turned end for end, and replaced, when testing bubble for adjustment. 

Dumpy-level has its vert axis, horiz bar, and supports for telescope, all east in one piece, 
to which spirit-level is attached. The dumpy-levd will stand much rougher usage titan 
the Y-level, has fewer wearing parts, and permits fully as precise work. Practicidly the only 
advantage the Y4evel has over diunpy-level is that the adjustment of line pf sight can be a 
little more conveniently tested. 

I,oeke hand level is a metal tube with plain glass covers at ends and a small spirit-level 
on top. When looking through the tube an image of the bubUa is seen in one-half of tube, 
being reflected by a prinn. In other half of tube, the landscape is viewed. When bubble 
is in center, the observer can note where the horis line, which appears in center of bubUe 
tube, cuts a leveling rod (Art 19). 

Clinometer is similar to a hand level, except that the bubble is attached to an arm, free 
to^ove in a vert plane; used for measuring sioi)es by sighting telescope along inclined 
line, moving the arc until bubble is centered, and then reading angle of indination. 

Adjustments of the Y-level are: (a) To make horiz cross-hair truly horiz and to make 
line of sight coincide with axis of the pivots, or be parallel to it; (6) to make line of sight 
and axis of bubble tube parallel; (c) to make axis of bubble tube perpendicular to vert axis. 

(a) Line of sight. First make horiz cross-hair horiz, when instrument is level. This is 
tested after leveling, by sighting on a point and noting whether the cross-hair appears to 
remain on the point, as telescope is slowly rotated on its vert axis. Adjustment is made, 
if necessary, by rotating the cross-hair ring, as described under second adjustment of tran¬ 
sit. When this is done, loosen clips which hold telescope in the Ya. Set a fine mark on a 
wall in the intersection of the cross-hairs, and clamp the vert axis. Rotate telescope 180* 
about its own axis. Correct half apparent error by the screws of cross-hair ring, adjusting 
first one hair and then the other. 

(b) Bubble adjustment by indirect method. Bring bubble to center of its tube and 
clamp vert axis. Rotate telescope in the Ys a few degrees on its horis axis; if bubble moves, 
correct entire error by the capstan screws at one end of bubble tube. Then clamp tele¬ 
scope over a pair of leveling screws and bring bubble into center of tube; lift telescope 
from Ys, turn it end for end, and replace in Ys without jarring the instrument. Correct 
half apparent error by the vert adjusting screw of bubble tube. 

(e) Adjustment of Ys. Level the instrument, then bring bubble exactly to middle, over 
a pair of leveling screws. Turn telescope 180* on its vert axis and correct half apparent 
error by adjusting screw of the Y support. Since the bubble is brought to center of tube 
at each reading of the rod, this last adjustment in no way affects accuracy of leveling, but 
IB a convenience. 

Adjustments of dumpy-level are the same in purpose as for Y-level, but are, owing to 
construction of instrument, done in a different order and in some cases by different pro¬ 
cedure. They are: (a) to make horiz cross-hair truly horiz when instrument is level; (6) 
to make axis of bubble tube perpendicular to vert axis; (c) to make line of sight parallti to 
axis of bubUe. 

(a) Cross-hairs are adjusted as described in paragraph a above. 

(b) Bubble tube. LeW the instrument and carefully center the bubble over a pair of 
leveling screws. Turn telescope 180* horizontally and correct half apparent Sfror in the 
bubble by adjusting screws of level tube. 

(c) Line of sight by direct or “peg” method. Select points A and B, 200 ft or more 
apart. Set up level beside A, so that when a rod is htid on A the eye-piece trill just clear 
the rod. Look through the large end of telescope at the rod and take reading opxiosite 
center of field of sight. Point ttiescope toward B and read the rod in usual manner, bang 
sure that bubUe is in the ihiddle of tube. Then set up level at B and repeat above opera¬ 
tion. These observations give two independent determinations of difference in elev be¬ 
tween the two points; the true difference in elev is the mean of the two differences. (Same 
ra^t can be obtained from a single setting of level, at a point exactly midway between A 
and B.) Leaving instrument at B, set rod at A, with target set to read bdight of instrument 
abovd B, plus or minus the true difference in elev between A and B. If line of tight is then 
brought to intersect the rod target, it will define a level line. The bubble being in oentor 



DRAFTING INSTUXmENTS 17-09 

'j I 

K 

of itA tuboi the line bf sight is now brought to intfsrsect target by moving croSs^hair ring 
by its adjusting screars. Example: ■ 

Instrument at Sta A Instrument at Sta B 

Rod reading on Sta A «■ 4.243 « Rod reading on Sta B <=> 4.618 

Rod reading on St^ B » 5.724 Rod reading on Sta A 3 177 

Diff in elev of A and B •• 1 .481 * Diff in elev of B and A =» 1.441 

Mean of two differences ■= ^/s (1.481 + 1.441) » 1.461, the true difference in elev. 

Instrument at B is now 4.618 above the station. Bod reading on Sta A should be 
4.618 — 1.461 *» 3.157, to give a level sight.. 

This peg adjustment may be applied to line of sight of the Y-lovel, except that in this 
case, after target at A has been set at correct elev to define a level lino, the line of sight 
is made to bisect target by the leveling screws and then bubble is brought to mid-position 
by its adjusting screws. This meth^ is also used for adjusting the hand level. In 
applying it for transits, the adjustment may be made by moving either cross-hair ring or 
one end of level tube. If cross-hair is moved, the adjustment of line of collimation must 
be tested; if bubble tube ih moved, the vert arc vernier must be adjusted. 

To eliminate effect of errors, in adjustment of line of sight of bubble tube, or of the Ys, 
the observer must be sure that bubble is in center of tube at instant rod is read, and that 
backsights and foresights are about equal in length. 

Precise levels, designed for running long lines of bench levels, are usually equipped with three 
leveling screws, an inverting telescope of high power, stadia hairs, very sensitive bubble to be read 
by a mirror simultaneously with the rod, and a slow-motion screw for leveling (Art 18}. 

Leveling instruments cost from $100 (architect's levels, with horia circle) to $250; precise levels 
ooet from $400 upward; hand levels, about $8. 

6. DRAFTING INSTRUMENTS 

Only a few of the more uncommon drafting instruments are here described. 

Planimeter is for determining area of an irregular plane figure. The method is to fol¬ 
low perimeter of figure with the tracing point of planimeter, reading recording wheel at 
beginning and end of process; the difference in readings gives area expre^ed in a certain 
unit. They are also called integrators. 

Amsler polar planimeter, the most common form, has two arms, one of fixed length 
and the other adjustable, the length of latter being set to give any desired unit of measure¬ 
ment, as indicate by scale marked on arm by maker. At end of fixed arm is a weighted 
needle point, called the anchor point, which is pressed into the paper to hold insiniment 
in a fixed position. The tracing point is at end of adjustable arm. The planimeter 
thus rests on tliree points, anchor point, tracer, and recording wheel. To measure an 
area, press anchor point into the paper outside area to be measured, and in such position 
that the tracer can follow around entire perimeter of area. Before proceeding further, 
run tracer around perimeter and note whether recording wheel, during this process, runs 
over any creased or irregular part of drawing paper; if so, change position of anchor 
to avoid it. Start tracer from a definite point in perimeter, preferably such a point that 
the two arms will be about at right angles to each other. Read the scales on disk, wheel, 
and'vernier, obtaining four digits in the reading, the first from the disk, the next two 
from wheel, and the fourth from vernier. Move tracer carefully around perimeter until 
starting point is reached, when the disk, wheel, and vernier scales are again read. The 
difference of the two readings gives area in the unit at which length of adjustable arm ia 
set. Check the area by another determination, with anchor point in some other position, 
so that recording wheel will travel over a different path on the paper; for in its first trip 
there might have been some irregularity in paper, or dirt on it, which caused wheel to 
dip and not accurately record all the path over which it traveled. If unit of measurement 
recorded by planimeter is unknown, find it by running planimeter around any known area. 
If area is so large that anchor point can not bo set outside its limits, divide it into segments, 
determining area of each separately; or anchor may be placed inside the area, provided 
the area of a corbbction circls is added to result, which value is given by maker. 
Results correct to within 1% may easily be obtained with this instrument. 

Some planimeters are made with both arms of fixed length, thereby giving all results in. 
one unit. These cost $15 to $30, whereas those with adjustable arm cost from $30 to $60. 

Roiling planimeter has a tracing point at end of an adjustaMe pivoted arm, which 
is fastened to a frame suppiorted on two rollers. The whole instrument is rolled forward 
and backward in a straight line, while the tracing point traverses outline of ares. A 
precision withm 0.1% ie easily reached with this instrument, provided corrections are 
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mado to allow for dirinkace or awdling of drawing paper which may have occurred after 
drawing was made. These instruments cost $126 to $175. 

Pantograph is an instrument for copying a plan to the same or a different scale; used 
principally for enlarging or reducing a plan having many irregular lines, such M a topo< 
graphic map with contours. It is a jointed framework of several pieces of wood or metal, 
assembled to form a parallelogram. It rests upon three points, one of which. A, is fixed, 
while the other two, B and C, are movable. There are other bearing points, but they amply 
support the instrument and are not essential to its principle. The two movable points B and 
C are in such positions that they will trace exactly similar figures and by varying position of 
these points on their respective arms, the relative scales of the figures traced by them can be 
adjusted. The essential condition which the instrument must fulfil before it is ready 'or use 
is that A, B, and C shall lie in a straight line, and that each point shall be attached to one 
of three different sides (or sides produced) of the parallelogram. Any one of the three points 
can be the fixed point. These instruments are usually provided with scales on the arms, 
indicating proper settings for various reductions or enlargements. Because of lost motion 
in joints, very accurate results can not, as a rule, be reached, but the beat metal panto¬ 
graphs arc sufficiently accurate for most topograpldcal maps; ’‘more care must be taken 
in the use of the instrument for enlarging than for reducing. Cost ranges from $1 to $300; 
reliable work requires use of a pantograph costing $100 or more. An instrument called the 
xiDOORAVa, costing about $126, has b^n made for the same purpose as a pantograph. 


7. DRAWING AND BLUEPRINT PAPERS 

Drawing papers for working plans are of all grades, from manila detail paper, at about 
13(4 per yd, to well-seasoned, muslin-mounted paper, which is affected but slightly by 
changes in humidity, costing $2.00 to $5.00 per yd, depending on width and quality. 
Mounted paper comes in 10-, 20-, and 30-yd rolls, in widths of 36, 42, 58, 62, and 72 in. 
The best grades of drawing papers can also be obtained in sheets, either plain or mounted: 
common sizes: Demy, 15 by 20 in; Medium, 17 by 22; Royal, 19 by 24; Double Royal, 
24 by 36; Imperial, 22 by 30; Double Fllephant, 27 by 40; Antiquarian, 31 by 63 in. 

Transparent paper is used largely for studies and for temporary copies of plans. For 
more permanent copies tracing cloth is used; there is a growing use of bond papers for 
permanent tracings. Tracing paper comes in sheets of same standard sizes as mounted 
paper; also in 10-, 20-, and 50-yd rolls and in widths 24, 27, 30, 36, 40, 42, 48, and 54 in, 
costing 5 to 25^ per yd. 

Tracing doth is a uniform quality of finely woven linen, coated with a preparation to 
make it transparent. It is made in 24-yd rolls, in widths 30, 36,42, 48, and 54 in, and costs 
$1 to $2.50 per yd. Most tracing cloth has to be rubbed with powdered chalk or specially 
prepared pumice before it will take ink. It has a smooth and a rough side; most drafts¬ 
men prefer the rough side, because it takes ink and pencil lines more readily, and will not 
show erasures so plainly, when process prints are made from it. 

Cross-section and profile papers can be procured with colored lines, both on heavy 
paper and on transparent paper or cloth; also mounted on muslin or linen. Cross-section 
paper is printed in orange, green, red, and blue, in sheets 16 by 20 in, 17 by 22 in, 15 by 
42 in, and 40 by 50 cm; also on smaller sheets called “coordinate paper,’’ for rectangular 
or polar coordinates, and for logarithmic scale and isometric drawings. Cross-section 
papers are also made in 20- and 50-yd rolls with the engraving, 20, 24, and 30 in wide, and 
in metric units 50 cm and 75 cm wide. Profile papers are printed in green, orange, and 
red, in three scales, called Plates A, B, and C. A has 4 spaces horizontally to the inch 
and 20 vertically; JB, 4 horizontally and 30 vertically; C, 5 horizontally and 25 vertically. 
These are mostly manufactured in 20- and 50-yd rolls, with the engraving 5, 6, 10, and 
'20 in wide, and cost 15 to 25^ per yd on paper, 60^ to $1.25 per yd mount^ on cloth, 
and $1 to $1.35 per yd on tracing cloth. 

Blueprint paper is the most common of process papers. It is a white paper, coated 
on one nde with a solution which is sensitive to light. 'When fresh it has a yellowish green 
color; if it has a green, dark green, or blue color, it is old and will not give dear white linra. 
The more permanent Mueprints are made on coated cloth. Good rag stock paper gives 
whiter lines than wood pulp paper. 

Prepared blueprint paper and cloth ia made in 10- and 50-yd rolls, in widths Si, 80,36, 42, and 
64 in; paper costa 15 to 25^ and cloth 60(i to 41.50 per yd, according to width. 

In making a print, expose the tracing (with blueprint paper under it) in a printing frame a 
length of time depending on aensitiveness of paper and brilliancy of light. Then waah paper thor- 
ou^Iy in water, to remove all ehemicala. Don’t 1^ the tracing become wet, fw wet spota can not 
be eradicated from tracing cloth. In moat large citiee are concerna engaged in making blueprints. 
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Bttpplyinc liriiits at from S to R# per sq ft. Blueprinta always shriak to a smaller aise than Ibe 
traeiiisi linear shtinkaae osually varies from 0.5 to 2%, depending upon quality of paper. To 
Write white lines on a btueprint, use solution of bicarb soda or Chinese wfaute water color, applied 
with ordinary dean pen. , 

Brown process paper u a thin sensitised paper tor making a MxoAnra print from a tracing. 
The negative is then used to make prints having either blue or brown Unea on white ground. This 
double process yidds prints which are shrunk 2% or more from the original drawing. The process 
requires a batii in hyposulphite of soda, as well as a washing in water. Prints from brown process 
negatives can be made to produce lines aimoet as black and perfect as the original drawings. Nega- 
tivee ooet 5^ per sq ft. 

Direct black and white process prints give black lines on whits background. Prints from this 
prooeea do not shrink. Cost is about double the cost of blueprints. There is also a direct process 
Uaekprint paper and doth, of German manufacture, used the same as blueprint paper. It requires 
washing in water only. 

Photoatat prints. Drawings are photographed on a sensitive paper, which is washed 
in fixing bath and dried. First print from an ink drawing on white paper has white lines 
on dark brown background. If this is again photographed, there will be brown lines on 
white background. The latter effect is obtainable directly from a blueprint by a first 
photograph. Most photostat machines reduc.e or enlarge only about 2 diameters; but 
the process can be repeated until the required scale is obtained. Since photostats shrink 
considerably and more or less unevenly in drying, a graphical scale should be put on the 
drawings. Cost of photostats, 7-lOfi per sq ft. 


8. PLOTTING TRAVERSES 

By protractor and acale. The courses of a traverse should be plotted by a more 
exact method than may be used for plotting details; but the latter can usually be plotted 
safely by protractor and scale. A closed traverse must necessarily close on the plan; any 
error of closure on plot therefore indicates error in scaling a distance or in laying oft an 
angle. The beating of any line of traverse can bo computed from bearing of some other 
line, assumed to be correct, by means of the intermediate deflection angles; thus miy line 
can be extended until it meets the plotted meridian, and its direction can be checked 
independently. Such checks are absolutely necessary if traverse is not a closed circuit. 

Rectangular coordinate method is useful in plotting, especially when the area of a 
closed traverse has to be determined, because same computations required for finding the 
area can be used for plotting. First, compute latitude and departure of each course in 
traverse; then the total latitude and total departure (or longitude) of each point. N lati¬ 
tude and E departui'e are called plus, S latitude and W departure being minua (Art 12). 
If a meridian through the most westerly point and an east and west line through most 
southerly point be chosen for axes, there will be no negative coordinates. The total 
latitude of any point is the algebraic sum of all the latitudes of preceding courses, beginning 
with the most southerly point, and similarly for the total departure (or longitude), begin¬ 
ning with the most westerly point. In the case of a closed polygon, construct a rectangle 
of which the height equals difference in latitude of most northerly and southerly points, 
and the width equals difference in longitude of most westerly and easterly points. This 
rectangle should be plotted very accurately by straight-edge and reliable triangles, or 
constructed by beam compass, and checked by sciding the diagonals. To plot any point, 
lay off its total latitude on both the easterly and westerly sides of rectangle, measuring 
from southerly side; the point will lie on a line connecting these two points. Along this 
line scale off from westerly side of rectangle the total departure of the station, thus deter¬ 
mining position of point. The other points are similarly plotted. To check a plot of thia 
character, scale lengths of the travene lines. Lines running nearly parallel to the axes 
should be checked by some other method, preferably the tangent method, explained below. 

ilg 6 shows computations and coordinate method of plotting the same traverse of 
which the area is computed in Art 12; toted latitudes and departures used in this plot are 
computed from balanced latitudes and departures in example in Art 12. Advantages of 
tills method are: each point is plotted independently of others; all plotting is done by 
soale only; and plotting can be readily checked. 

To apply the coordinate method of plotting to a traverse which does not close, draw 
two series of coordinate lines accurately spaced and intersecting at right angles; number 
these lines northward and eastward from origin of coordinates, the latter being chewen 
preferably st or beyond extreme southwest corner of traverse. Coordinates of the stations 
are computed from the unbalanced latitude differences and departures, and itiotted ae 
described above. In relatively unimportant work an unclosed traverse may sometimes 
be plotted by the ehotd or the tangmt method, avoiding computation of coordinates. 
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Tasga&t method ootuiets in^lasdxtg ofiF the deflections of a traverse bv plotting the 
natural tangents of the angles/ first compute bearings of all the courses on the basis 

of deflection angles. Then 



obtain algebraic sum of 
an the d^ection angles, 
and add it to the bearing 
of first course; if result 
checks bearing of final 
course, the bearing com¬ 
putations are correct. 
Next plot the traverse 
roughly with scale and 
protractor, to determine 
its shape and extent; this 
is for purpose of starting 
first course on final draw¬ 
ing, at such point and 
direction that the drawing 
wiU bo centered properly 
on the sheet. Then pro¬ 
ceed to plot as follows 
(Fig 7). Draw through 
starting point A a line 
representing the meridian, 
in such manner that first 
course AB will run in 
desired direction. Con¬ 
struct a right triangle 
with A as the vertex. Ah 
the base, and c6 the na¬ 
tural tangent of bearing 
of AB, measured in same 
unit as Ab; Ab should be 
of ample length, say 10 in. 


Fig 6. Coordinate Method of Plotting Closed Traverse because from this base 

line the entire traverse is 


projected. Draw Ad through c and scale off AB. From Bd erect another perpen¬ 
dicular ef equal to tangent of the deflection angle at B, and then scale BC. Similarly plot 


courses CD, DE, and so on. ChecL 
every third or fourth course, as DE, 
by transferring the meridian to pass 
through D; then construct a right 
triangle Ddh, scale gh, and compare 
it with tangent of calculated bearing 
of DE. If error in bearing is 10 min 
or less, scale off on gh the tangent 
of calculated bearing, and draw DE 
through this new point, so that error 



in direction of DE will not be car- Fig 7. Tangent Method of Plotting Traverse 


ried further along the traverse; if 

error found is greater than 10 min, repeat previous plotting, beginning at last checked 
course, and find error, A scale reading 10 ft to the inch is convenient for constructing 

legs of right triangles. When deflec¬ 
tion angle much exceeds 45°, it is 
more accurate to plot the comple¬ 
ment of deflection angle rather than 
angle itself, in which case a perpen¬ 
dicular is erected at station point 
and used as base of right trian^e. 

Chord method consists in laying 
off deflection, angles of a traverse by 
plotting chords of arcs which will 
Kg 8. Chord Method of Plotting Traverse subtend the angles. Fig 8 represents 

same traverse as Fig 7, but plotted 
here by ohord method. Uraw Ab representing meridian; draw be with 10*in radius, and 


m 




m 


ItirlAta 



here by ohord method. 
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scale from b the diord distance be, which equals 10 titles twice the sine of half of the 
deflection angle. Ae is drawn through e, and AB scaled. Then draw arc «/ with 10-in 
radius, and plot deflection angle at B by scaling chord ef equal to 20 times the sine of half 
the angle, draw BC through / and scale BC. Similarly all Of tine angles are plotted. 
Check every third or fourth course, as DE, by transferring the meridian through D; 
draw arc gk, scale chord gh, divide it by 20 to obtain sine of angde; And the corresponding 
angle, double it, and obtain calculated bearing. If it is iu error 10 min or less, correct it by 
plotting chord corresponding to calculated bearing, and draw DE in corrected position; 
if the error is greater than 10 min, re-plot and correct error. If deflection angle is greater 
than 90**, lay off 90° of it by a triangle and the rest by method of chords. In looking up 
twice the sine of half the angle, for plotting chords, the necessity for multiplying by 20 can 
be avoided by plotting natural sine of half the angle directly as a chord, with a scale of 
10 ft to the inch, while the radius is measured with a 20-ft sc^e. 

For maps of large areas, such as a state or a portion of a country, it is not suffioientiy accurate 
to draw meridians and parallels of latitude as forming rectangles. The most common form of pro¬ 
jection used is the poutconic, in which the surface of a sphere representing the earth is developed on 
a serim of cones tangent to parallels of latitude. In the U S Coast Survey, Special Publication No 5, 
is a table giving the x and u coordinates of points of intersection of meridiauB and parallels, tor 
plotting parallels of latitude and meridian lines for this kind of projection. 


9. FINISHING THE PLAN 

Every plan should have a complete title written or lettered in pencil when drawing is 
begun, BO that it can readily be identified. If plan is a land map, a meridian should be 
shown, and designated whether true or magnetic. State names of abutting owners, and 
limits of their property. Insert all essential dimensions in their prosier places. In case 
of a land plan, the area is usually expressed in square feet or acres and is lettered in middle 
of the parcel; lengths of sides are printed at middle of each line, and bearings of each side, 
or angles between them, should be given; also section corners, stone bounds, iron pipes, 
or other physical boundaries which may exist are represented by abbreviations, such as 
S B for stone bound, I P for iron pipe, sp for spike, and stk for stake. It is the practice 
of many surveyors to omit from plan the calculated bearings of lines, or angles; this 
custom can not be too severely condemned. It is good practice to letter in kime incon¬ 
spicuous place, preferably near border, a reference to the noteliook containing survey from' 
which the plan was plotted, and initials of draftsman. If any leveling has been done in 
connection with the plan, the location and elevation of bench-marks should be described 
in a note, or plotted on map, preferably both. 

On working drawings, and sometimes on finished plans, the traverse lines of the survey 
are drawn, usually as fine, colored, full lines; the stations being indicated either by very 
small circles, the centers of which mark the exact points, or by short lines drawn throuf^ 
the points in such manner as to bisect angles. Triangulation stations are represented by 
equilateral triangles, stadia location stations by small squares, and other auxiliary stations 
by circles. The elevation of bench-marks is frequently represented by a small cross and 
figures, thus, B M X 72.63. 

The boundaries of a property and the physical features, such as streets or buildings, 
are usually drawn as full black lines. Shore linos are drawn in black or Prussian blue, 
and should, as a rule, be the heaviest lines on the plan, unless they are a very unimportant 
feature. Whenever colors are to be used, better results can always be obtained with water 
colors than with bottled inks, lied drawing ink gives very unsatisfactory results; in a 
few years it spreads and gradually fades away, leaving the tracing discolored. The fol¬ 
lowing colors are commonly used by surveyors: burnt sienna, raw sienna, yellow ochre, 
scarlet vermilion, carmine, sepia, cadmium yellow, chrome yellow, gamboge, Hooker’s 
green, Prussian blue, and indigo. All of these, except gamboge, may be used on tracing 
clotii without danger of running, but if process prints are to be made from the tracing, 
Prussian blue and indigo will not print well. Some colors which do not give good prints 
may be made to do so by adding a little Chinese white or cadmium yellow to give them 
body, but not enough to change the color. A most satisfactory way to color a plan is to 
shade the line or areas by colored pencil on back of tracing. Before using the color, rub 
places where it is to be applied with a pencil eraser and after color has been applied rub 
it down with a doth to produce a uniform shading. On blueprints, for a red line, use 
scarlet vermilion; for yellow, Winsor & Newton's chrome yellow "Winchester.” 

Lettering on a drawing should, as a rule, read from bottom of plan, that is, all words 
and figures should read from left to right when the plan lies with its title horizontal; 
lettering running perpendicular to bottom should read from bottom upward. Roman or 
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Gothic letters are appropriate op maps for published reports, or where a neatly finiwhud 
appearance is desirable, but, since most plans are prepared chiefly for utility, tiie Reinhardt 
style is applicable for ^ lettering except possibly mun title of map. 

Reinhardt lettering is rapidly executed, presents a workman-like appearance, and is used more 
than any other (Fig fl). For fine lettering, such as Roman, No 170 Qillott pena are euitable. Some 
dr^tamen prefer a little coarser pen, eueh ae GUlott’s No 303, apd a etill coareer pen, 
Gillott's No 604 EF, will be found suitable for the finer letters of single-stroke work, aa for numbw^ 
ing contours or for the smaller dimensions on a map. For stiil heavier lines. King's No 9 Nonpareil 
(similar to stub pen) is serviceable. For heavier lines than these, and particularly for executing the 
Reinhardt style, the Paysant patent pens are good; they come in sets of graded eise, ooetiag say 
$1.60 per pen, including holder. No 6 and 7 Paysant gives about right weight of line for notes on 
tracing cloth, while No 4 pen will give a line heavy enough for the main line of a title. These pens 
make lines which have somewhat rounded ends, so it is necessary for neat results, when making the 
heavier letters, to square up the corners with an ordinary fine pen, as Gillott's No 170. The slot 
of a Pasvant pen should not be cleaned with a cloth because lint attaches to slot; it should be cleaned 


ROMAN 

ABODE FGHIJKLMNOPQRSTU 
ywxYz& 

abode fghijkimnopqrstuvwxyz 

Reinhardfs Stvte 

ABCDEFGHIJKLMNOPQ 
RSTUVWXYZ a 
d bcdefghijkimnopqrstuvwxyz 

I2345'67890H 1234567690 H 9^ f 

A BC D E FGH/JKLMNOPQ RS 
TUVWXYZa: 
abcdefghfjktmnopc^rsfuvwxyz j 


Fig 9. Style Sheet for Lettering 

with a small piece of tough paper, and then wiped with a clotli. The so-called bail-point pens are 
also used to some extent for single-stroke work. 

Title should comprise: brief description of drawing, owner’s name, location of property, scale, 
date of eurvey, surveyor’s name and address. It should be so laid out that the most important 
information is on the most prominent line. The lines of title should be centered, arranged in 
compact form, but not crowded. It is advisable to letter first the most important or longest fine. 
In other lines, when two words occur on same line separated by a considerable space, first letter 
right-hand word and then start left-hand word at same distance from center line of title as is the end 
right-hand word. The sise of title should conform to sise of plan. Never waste time on a fancy 
titie; it is hard to read and ae most draftsmen are not familiar with such alphabets, the results are 
apt to be poor. Put title in lower right-hand corner of a plan, so that it can be read by turning up 
the comer of sheets that lie above it in a drawer. In aome offices, titles are set up in type and 
printed on plan. A rolled plan should have a brief title on back, at both en^, so it will be visible 
when sheet has been rolled in either direction. A graphical scale should be drawn on plana that 
are to be reproduced photographically. 

Hotea are an essential part of most plans; they are usually lettered in Reinhardt style. Border 
lines are not neceesary on construction drawings, but on finished drawings and maps a single firm 
line, drawn Vs to 1 in from edge of sheet, gives a good appearance. A fine line just inside of a 
heavier one makes a good border line; many draftsmen make border lines too heavy. 

Meridian should be represented on all maps as a full arrow, if it be a true meridian, or as a half* 
arrow, if it represent the magnetic meridian, the half-arrow head being on same side as the declina¬ 
tion. Make arrows of simple design, and not too conspicuous in sise or breadth of lines. It is 
good practice to show both the true and the magnetic meridian, and to indicate on latter the declina¬ 
tion existing at place and time of survey. Do not let a meridian lino cut any other lines of a drawing. 

To dean a. drawing use sponge eraser, art gum, or dry bread crumbs. For tracings, gasolene or 
bensene will remove pencil marks without affecting ink lines, but it takes the life out of the tradng 
and makes it turn yellow with age; it also causes a tracing to collect dirt more readily. A tracing 
upon which lettering has been stamped must not be cleaned with g iuinl»>. n«., 

Oa auridag pku requiring accurate aoaUng, it is sdviaable to {dot, at the outset, two long soalee 
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•t right MiglM to moh other, by which to meesure emount of ahrinkage or awelling of the paper, 
and to make allowance for it in subeequent plotting or acali^ from the plan. 

Tracings from Uueprints or from penciled working drawings can be made by laying them on a 
drawing table having a glass top, and placing table where plenty of tight will fall under it, or else 
placing electric lights under the talde. 

Conventiottal signs are used to represent topography and other common details. A few of the 
most common are shown in Fig 10. They are used mostly on topographic maps and are produced 



llseiduoua Trees Ledge — Evergreen 

Trees 



CoBtonrs 


IHuiguIntian SUQos 

A 

gtadin Station 

□ 

Xrmvene Point 

O 

JQne or Quarry 




Bheft (S Compartments) 

Prospect 

Iftae Tnnnel 

dbvottoa) 

klne Tunnel 

(SlneUsB sakBcee} 

OUWelb 

Hlnernl Konoment 
U.S. Township line 

.U A Bectlon line 

Fig 10. 



either in black, as is custom with V S Coast and Geodetic (Survey, or in color, as on maps of U .S 
Qeol i 
for 1 

f^^Une 'abouVhairaThea^^ as shore line, drawn as dose to the shwe line as poesible, and should 
follow very carefully every irregularity. The nest line is parallel to fint, but a little lighter and 
with a little more space, and so on; 5 to 10 lines are sufficient. Water-lining and fresh msnfa sym¬ 
bols are frequently drawn in Prussian blue. In executing the symbol for evergreen trees, draw 
each individual symbol in lines of uniform weight, although the various symbpls are made of lines 
of different weights (Fig 10). To avoid tendency to make them in rows, it is well to drew irregu^ 
groups oi symbols in different parts of area to be covered, and to fill in between these groups with 
or lighter symbols. In the symbol ior deciduous trees it is intended to represent the plan 
of a tree in foliage, with a slight shading toward lower right-bsnd side. On the back of the U S 
Qeol Snrv maps are printed the conventional signs used by that office. 

Contour ?H«»n are almost always drawn in burnt sisnna water-color, using either a QiUott No 303 
or a (xmtour pen. Every fifth or tenth contour is represented by a line slightly wider and a little 
darker in oidor. In numbering contours, give no more figures than are neocMary to find the rieva* 
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tion of any contour without difficulty; they should be small flcures in burnt sienna. A common 
mistake is to make contours so heavy that they subordinate the more important features on map. 

Sab>aqueous contours are usually represented on hydrographic maps by dot-and-dash black lines, 
the shallowest contour having one dot between dashes, the next contour in depth having two dots 
between dashes, and so on. In some eases, contours representing fathoms of water are shown as 
single dots for first fathom, two dots and a space for second fathom, dots in groups of three for the 
third, and so on. 

LAND SURVEYING 

10. TRAVERSE WITH COMPASS AND TAPE 


Surveys with compass and tape are adapted only to survejrs of inexpensive land, in 
localities where there is little danger of local magnetic attraction. Even serious local 



Fig 11. Isogonie Chart of the United States for 1935 (Permission of U S Coast and Geodetic Surrey) 
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sttractioa may be circumveated if the surveyor has iraming of its oceurreuoe, but wheu 
rocks contaiiung magnetic iron are distribute generally throughout a district, it is diffi¬ 
cult, if not impossible, to obtain consistent compass readings. At every station the reverse 
as well as forward bearing should be read, to detect local attraction, and, if found, its 
amount should be determined and the erroneous bearings corrected (Art 3). Bearings 
are not usually read closer than 1 / 4 ". 

If a compass survey were made of a square lot 1 000 ft on a side, an error of 1 /g" (which 
corresponds to reading bearings to nearest 1 / 4 °) in an angle would correspond to an error 
Of 2.2 ft on a side. In a compass survey, therefore, it is obviously not consistent to 
measure the sides closer than to nearest half-foot or foot. Under favorable conditions 
compass surveys can not be relied upon for an accuracy exceeding 1 part in 600. For¬ 
merly surveys were often made by compass and chain. In re-running old lines, the compass 
on transit can be used to aid in finding the physical features which mark the corners, and 
a reliable transit and tape survey is then substituted for the old approx compass survey 
(Art 11 and 15). 

Magnetic declination is the angle which the needle makes with the true meridian. 
When necessary to determine this angle accurately, the true meridian is found by obser¬ 
vation on the sun or on Polaris (Art 13), and then noting its compass bearing. If north 
end of needle points east of true meridian, it is called an east declination. Even at a given 
place the declination changes continually by small antounts; these changes are called 

VARIATIONS. 

To set off the declination so that the compass will give true bearings, turn N point of 
compass box toward north. Then, if the declination is east, turn graduated circle to the 
right by the amount of the declination; if the declination is west, move the zero to the 
left. Needle readings will then be true bearings. 

Isogonic lines are curves connecting points at which the magnetic declination is the 
same. Isogonic charts are prepared by the U S Coast and Geodetic Survey, by plotting 
on a map the observed declination at numerous magnetic stations, and interpolating 
declinations at intermediate places (see Fig 11). These charts do not give precise results, 
but are useful for learning approx declinations. Observed declinations at interpolated 
places are frequently quite different from those stated on isogonic charts; hence, whenever 
the magnetic declination is desired with precision, it is necessary to make observations on 
the true meridian (Art 13). 

Changes in declination make it necessary, in re-running old lines, to modify given 
bearings by an amount equal to the change in declination which has taken place since 
lines were first run. To determine declination for some past date, records of U 8 Coast 
Survey are useful, provided a magnetic station was situated near location of survey; but 
it is not safe to rely on records of a magnetic station, even only 5 miles distant, except 
in a general way. It is always safer to determine the present declination, and compare 
it with the declination at the time linCT were first run, which may have been recorded with 
old survey. If it was not then recorded, the best way to find the correction in bearing is 
to determine the present magnetic bearing of any well-defined line of the old survey, such 
as between two identified stone monuments, and apply the difference between present and 
original bearing to all original bearings (Art 15). 

11. TRAVERSE WITH TRANSIT AND TAPE 

Predaion with which measurements should be made depends upon object of survey. 
If it is a city survey of valuable property, angles will be measured to the nearest 10 sec, 
and distances to a hundredth of a foot; while in a farm survey, angles to nearest minute 
and distances to a tenth or even to within a foot (by stadia method. Art 22) are exact 
enough. Transits for general surveying read to minutes or half-minutes. It is therefore 
necessary in precise surveys to measure angles by repetition (see end of this article), to 
obtain results consistent with accuracy of tape measurements. For better appreciation 
of relation between distances and angles hear in mind that 0.03 ft, at a distance of 100 ft, 
subtends 1 min of angle. The degree of precision of transit and tape surveys varies from 
1 in 1 500 to 1 in 40 000; to attain an error of less than 1 in 10 000 requires special care, 
particularly in taping. 

Errors In tape measoremento are due to: (a) erroneous length of tape; (b) incorrect 
amount of puU on tape; (c) inaccurate plumbing; (d) incorrect alinement of tape; (s) sag 
of tape; (/) changes in temperature; (g) effect of wind. 

(a) Eironeons length can be correct^ by comparing the tope with a standard; most 
cities maintain a 100-ft standard at some convenient place. To test a tape stretch its 
full length beside the standard, and leave it until it acquires the same temperature, before 
comparison is made. Test at intermediate points as well as for tote! length. Itatempma- 
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ture and pull abould be noted; also wbetber it ia auapended or supported. For a tinTninal 
charge the U S Bureau of Standards, Washington, will test a taiw and forward results. 
If tape is too long, measurenoenta made with it are recorded too short, and proper cor¬ 
rection should be added. It is good practice to have a new tape standardised by the 
Bureau of Standards, and then keep it for the sole purpose of standardizing other tapes 
in daily use. A tape subjected to rough usage will soon have severe! repaired places, 
which often cause errors in its length. 

(b) Amount of has a very appreciaUe effect upon the length of a tape; ordinary, 
light 100-ft tapes will stretch 0.01 to 0.02 ft with an increase of 10 lb above'the ordinary 
pull of 10 lb. The amoimt of stretch in any given tai>e can be readily determined by 
fastening its ring end to a stout nail in the door, and applying different tensions as deter¬ 
mined by a spring balance, the tape lying throughout on floor. Spring-balance handles 
are manufactured to be attached to tape in the field for measuring amount of pull. 

(c) Inaccurate plumbing ia the most fruitful source of errors in taping; if plumbing is 
imavoidable, more accurate results can be obtained when measuring dowiihill than uphill. 
In q>ito of greatest care, so much error is introduced by plumbing that for accurate results 
it ia bettor to measure the inclined distance from horiz axis of instrument to a nail in the 
stake at next station; rood, on the vert arc, the inclination of tape, and compute horiz 
distance from cosine of this angle; hor diat » ind diet X coaine vert angle. If angle is 
■midl , the computation may be simplified by using versed sine of angle, thus: hor diat 
tncZ diat — (inci diat X verain vert angle). The versed sine (1 — cos), which will be a small 
number, may be taken from a table of natural functions and the multiplication can be 
made with sufficient accuracy on a slide rule. This method requires a transit set-up at 
every other tape-length, but it is more expeditious and gives much more accurate results 
than plumbing. Another way is to tape directly from stake to stake in one tape-length; 
set up instrument at every alternate stake and measure vert angles to both adjoining 
stations, by sighting at a rod target set at same height at which the horiz axis stands 
above the stake under transit; this gives inclination of tape; then compute horiz distance 
by either method given above. Still another method is to measure inclined distance from 
stoke to stake, and obtain difference in elevation by leveling; then compute horiz distance 
by formula in following paragraph. When much inclined work is to be done, it is advisable 
to use a 200-ft or 300-ft tape. 

(d) Alinement errors are not likely to be large; lining in the tape by eye is exact enough 
for most measurements. If, in measuring 100-ft tape-lengths, a point is 1 ft out of line, it 
will introduce an error of only 0.005 ft in that tape-length. Error due to poor alinement 
may be computed by the formula: c — o A* -f- 2 c, where c is the taped distance, h the 
offset from the line, and a the correct length. In this formula c is the hypotenuse, a the 
long leg, and h the short leg of a right triangle. Thus, if one end of a 100-ft tape is on 
line and the other 0.8 ft off line, the error in that one tape-length is 0.8* -f- 200 >» 0.0032 ft. 
Of course there will be a similar error in next tape-length, making a total error of 0.0064 ft 
in the 200 ft. The shorter the taped distance the greater proportionately is the error due 
to faulty alinement. This formida is correct to the nearest 0.01 ft, if taped distance is 
less 300 ft and offset does not exceed 10% of taped distance. 

(e) Sag. Measurements frequently have to be taken with tape unsupported between 
its ends. It is customary, in this case, to exert a stronger puli than normally, to counter¬ 
act effect of sag. With a 12-lb pull, on an ordinary 100-ft ribbon-steel tape supported at 
its ends, the increased tape reading due to sag is about 0.01 ft. This may be found for 
any particular tape by the formula: lengthening due to sag « (L -t- 24) X (wl -»■ 0*. 
where w ■■ wt of tape in lb per ft of length, t ■> pull in lb, I » length of tape between 
supports in ft, and L ■■ total length of tape in ft. The result will be in ft. If the ordinary 
pull of 10 to 12 lb is given, the correction for sag may be applied by use of this formula, 
♦■brni gh this is seldom done. The most practical and accurate way of eliminating the error 
due to sag is to determine by actual test the amount of pull necessary to apply to a sus¬ 
pended tape to bring its ends exactly 100 ft apart. Support plumb lines from points pre¬ 
viously set 100 ft apart by a standardized tape when supported horizontally throughout, 
then note pull required to stretch the suspended tape to be tested so that its end marks 
will coincide with the plumb lines. U S Bur Standards win do this and report results. 

(/) Temperature eorrection. A new tape is of standard length at 08° F, with a imll 
of 10 lb when mipported throughout its length. As the average coeff of expansion is 
desired, tlw temp of the tape must be noted and temp correction applied. Small tope- 
thennometors are made for this purpose; the thermometer should be in contact with tape, 
to obtain as closely as possible the temp of tape itself. Even then, in sunlight, it is 
difficult to obtain correct temp. 

Cumulative and compensating enrotv. In sU measurements it is of utmost importance 
to distinguish between errors which tend to balance and those wlucb accu m ul a te, the latter 
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being far more important. For those which tend to balance, the number of enon ednolt 
will probaMy remain uncompensated, according to method of least squares, will be the 
square root of total number of opportunities for error. For example, if a 100-ft tape ia 
0.02 ft too long a cumulative error of about 1 ft will be made in mehsurin^a oncHoile line. 
If, on other hand, tape-lengths are not marked doror than 0.05 ft, the total error made by 
this compensating error of 0.05 ft will be only ■\/52 X 0.05 ■■ 0.36 ft. 

Angle measured may be the deflection angle, the actual angle, or the asimuth angle. 
The DBFLSCTiON angle is that between the last course produced and the forward course. 
The ACTUAL ANGLE measured is usually the smaller of the two angles formed by two diverg¬ 
ing lines, although, in case of a closed polygon, many surveyors prefer to read consistently 
either interior or exterior angles. The azimuth angle is the angle a course makes with the 
meridian (true or assumed) direction measured clockwise, usuaUy from the south. In 
measuring a deflection angle the telescope has to be inverted, whence any error in lino of 
coUimation will be introduced into deflection angle; such error may bo compensated by 
turning the angle with the telescope, first direct and then inverted, and taking half fin^ 
reading as correct angle. Deflection angles are recorded R (right) or L (left), according 
to direction turned. 

To measure azimuth, set up the instrument at A with the vernier reading 0*. and 
lower clamp loose. Point telescope at magnetic south, true south, or other arbitrarily 
selected meridian, and clamp the lower motion. Undamp the upper plate, sight B, and 
read the angle in a clockwise direction. This is azimuth of line AB. Take the instrument 
to B, being careful not to let the upper plate be moved, invert telescope and backsight 
on A ; clamp the lower motion, reverse telescope to its direct position, loosen upper clamp, 
and sight C. The reading is the aximuth of BC, referred to same meridian as AB. By 
this method an error in line of coUimation becomes cumulative; the survey should there¬ 
fore be closed, if possible, by noting final azimuth of starting line AB. The difference 
between the first and the final determination of azimuth of AB indicates at once the total 
error in the angular work. 

As a check against large errors in azimuth readings, the magnetic bearing of each line 
should be read, when practicable, and compared with calculated bearing. The calcu¬ 
lated bearing of first line is assumed to be its observed bearing; the calculated bearing 
of any line is obtained from calculated bearing of the line next preceding, combined with 
the measured angle between the two lines. If a right deflection, add it to N£ and SW 
bearings and subtract from NW and SE bearings; if a left deflection, rcv'crse the process. 
If resulting angle is between 00** and 180°, take its supplement; if over 180°, subtract 
180° from it. Care should be exercised in noting quadrant in which the new line lies. 

Since azimuths are read from the S direction, clockwise through 360°, azimuths between 
0° and 90° have a SW bearing of the same number of degrees; azimuths between 00° and 
180° have a NW bearing equal to supplement of the azimuth; azimuths from 180° to 
270° have a N£ bearing equal to the azimuth minus 180°; azimuths between 270° and 
360° have a SE bearing equ^ to 360° minus the azimuth. (It is the practice of astronomers 
to assume the south point as zero azimuth; whence this method has been officially adopted 
by the U S Coast and Geodetic Survey, and the Public Lands surveyors. North is assuhiod 
as zero by ^e U S Army, in the Infantry, but not in the Artillery.— Ed.) 

Checking closed traverses. The algebraic sum of the deflection an^es should equal 
360°, right deflection being considered positive and left deflection negative. If the interior 
angles are read, or computed, the sum of all interior angles of a closed traverse should bo 
(n — 2) X 180°, where n is niunber of lines in traverse. If angles ore read to nearest min, 
each angle is probably correct within 30 sec. If a is the number of angles in a traveme, 
the allowable error in their sum is 30" X -y/cT. Thus, if a » 0, allowable error is 1 min 
30 sec. This check should be investigated before leaving the field: if angular error is 
much larger than that allowable, a mistake is indicated, which should be found and cor¬ 
rected. For method of checking distances see Art 12. 

Checking unclosed traverses. The only check on distances is re-measurement of the 
lines, preferably in the direction opposite that first traversed. (A portion of a traverse 
can sometimes be closed and checked by tlto method of Art 12.) Angles can be checked 
by determination of the true bearing (to nearest minute) by solar or stellar observation 
(Art 13) of the first and any subsequent course of the traverse. 

To measure an angle by repetition, set up transit at A, with circle reading 0°, sight B, 
and clunp lower motion Loosen upper clamp and sight C; read and record angle 
Leaving the two plates clamped together, invert telescope, and eight B, with the lower 
motion, unclamp upper circle and sight C; read and record the angle. One-half this angle 
should check closely the first reading, but will be more exact than the first. By repeating 
an angle six times, and observing final reading to nearest minute, an accuracy within 10 sec 
can be obta,ined. The method might be carried even further, starting with the vernier 
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BAt at other points on the circle, but ordinary transits are not ndiable for results closer than. 
10 sec. The purpose of making half the repetitions with telescope direct, and half with it 
inverted is to compensate errors of adjustment in line of colUmation and horisontal axis. 

To lay off ad angle this method can be applied as follows: The angle is first laid off 
as usual and a point is set; th i s angle is then measured by repetition. If found to be 
in error, say 15 sec, the point is moved in proper direction a distance computed by multi¬ 
plying ton 15 sec by distance from the i>oint to the instrument. 

For determination of an area three general methods of traversing are: (a) Set transit 
at comers of the property and measure angles directly; also measme distances along 
property lines, (b) If boundary lines are occupied by high fences or other obstacles which 
prevent setting up instrument at corners, but still permit distances to be measured along 
property lines, the angles are obtained by measurement between lines staked out parallel 
to property lines, by equal offsets, (c) If boundaries of property are such that it is prac¬ 
ticable neither to set up transit at corners, nor to measure distances directly along property 
lines, an independent traverse is run, regardless of boundaries. To convenient stations 
of this traverse the property corners are connected by the reading of angles and distances. 
In this case, a transit station should be set far enough from a property comer to permit 
telescope to be focused on it (not closer than 6 to 8 ft). The property lines should also be 
measured, where possible, as a check. 


12. COMPUTATION OF AREAS 

Adjustment of notes. First correct all slight errors in angles, provided they are not 
large enough to indicate mistakes, by altering value of those which wore taken from short 
sights, or those in which error is most likely to lie, until the sum of all interior angles is 
(» — 2) X 180“. Next compute bearing of each course, starting from one of which the 
bearing is known or assumed. Next correct tape measurements for erroneous length of 
tape, for sag, or -for temp, if necessary. Field data are now in form for computing area. 

Doable meridian distance method. The data are conveniently tabulated as shown 
below. The UlTZTVDB of a course is its length times the cosine of its bearing; its 
PxFAiiTCBii! is its length times, the sine of its bearing. Latitudes to the northward and 
departures to the eastward are called positive, and southward latitudes and westward 
departures are called negative. After these have been computed for all courses, and 
entered in their appropriate note-book columns, find total of each column. 

(Vote.—The parallelism between other synonymous terms for latitude and departure, which 
have been and are used by many surveyors, may be indicated thus: Easting or westing (used 
in old practice) « departure. Northing or southing <■ latitude diSerence ■■ latitude. In this 
artiele, the word latitude is used, not in its geodetic sense, but as an abbreviation of latitude 
diSerence.—En.) 

If the work were exact, the sums of the positive and of the negative latitudes would 
be equal; similarly with positive and negative departures. If the discrepancies between 
positive and negative totals are not large enough to indicate mistakes in tape measure¬ 
ments or computations, errors may be distributed among the latitudes and departures 
according to following rule, provided angles have been read by tkansit: The correction 
to be applied to the latitude (departure) of any course is to the total error in latitudes 
(departures) as the latitude (departure) of that course is to the sum of all the latitudes 
(departures), without regard to algebraic signs. This rule assumes that errors are mere 
likdy to occur in tape measurements than in angles. Any knowledge of difficulties met 
in the field, which would lead suri'eyor to suspect that the error lay in certain lines, should 
take precedence over this rule. Furthermore, it is probable that, on account of sag of 
tape and small obstacles on the line, recorded distances are too long rather than too short; 
as a general rule, therefore, it is not good practice to apply the above rule when it would 
lengthen any of the distances. The algebraic sum of balanced latitudes and departures 
must be sero. In the tabulated example given below latitudes and departures have been 
balanced so as not to increase length of any lines, and so as to decrease particularly the 
line HA, which is known to have been measured under difficulties. 

In ^e case of a compass survey, the errors are as likely to be in bearings as in distances; 
hence, if nothing is suspected as to the probable locus of errors, they should be assumed 
to be proportional to lengths of courses, and the survey is balanced by the following rule, 
which alters not only the lengths of courses but also their directions: The correction to 
be applied to the latitude (departure) of any course is to total error in latitudes (depar- 
ture8> as length of that course is to perimeter of traverse 

Having balanced the latitudes and departures, next compute the double meridian 
distance (D M D) of each course. The D M D of first course equals departure of first 
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oowae. The D M D of any other course equals the D M D of preoedinc oourse, jdua 
departure of preceding course, plus departure of course itself. The D M O of laat ooutae 
should be numerically equal to departure of last course, but should have the c^podte 
algebraic sign. Algebraic signs must be carefully observed, not only in computing 
D M D’s, but in the whole computation of area. If D M D's are computed beginning 
at the most westerly point in the traverse, all D M D’s will be positive. The last column 
of positive and negative double areas is found by multiplying each D M D by its corre* 
spending latitude. Half the algebraic sum of the double areas gives area of the traverse. 


Computation of Area by Double Meridian Distance Method 


Course 

Bearing 

Diet, 

feet 

Lat 

Dep 

Balanced 

DMD 1 

Double 

area 

Lat 

Dep 

AB 

N62® 05'V2W 

361.92 


169.40 


319.83 

+ 169.40 

-319.81 


319.81 

- 54 176 

SC 

N 64“ ly W 

437.64 

+ 

188.98 

— 

394.73 

+ 188.98 

-.’94.71 

-1 

034.33 

-195 471 

CD 

N32® I6'8/4E 

326.38 

+ 

698.67 

+ 

441.32 

+698.67 

+ 441.32 


987.72 

-690 088 

DE 

N35*59'V2E 

400.05 

+ 

323.68 

+ 

235.10 

+ 323.68 

+235.10 


311.30 

-100 762 

BP 

8 53“ 42' E 

316.65 

— 

187.46 

4- 

255.20 

- 167.44 

+ 255.20 

+ 

179.00 

- 33 552 

FQ 

S 3“26'1/4W 

303.52 

— 

302.97 

— 

18.20 

-302.94 

- 18.20 

+ 

416.00 

-126 023 

GH 

8 70“39'V2E 

240.03 

— 

79.50 

+ 

226.48 

- 79 50 

+ 226.48 

+ 

624.28 

- 49 629 

HA 

S 27“ 41' W 

915 72 

— 

810.90 


425.43 

-810.85 

1 

-425.38 


425.38 

-344 919 



3 601.91 

14-1 380 73 

I 4 -I 158.10 

0.00 

0.00 

_ 

2) 1 594 620 




- 

1 380.83 

- 

1 158.19 









1 





797 3(0 

i 



-O.IO 

-0 09 i 





aqft 


Note.—In extensive work it is better to enter positive and negative latitudes and departures 
in separate columns, for convenience m adding. 


Checks on accuracy. Close agreement between the sums of plus and minus latitudes and 
between plus and minus departures gives a check on the accuracy of multiplication by oosiue and 
sine of the bearings. The D M D’s are checked as shown above, but there is no check on the 
double areas. The final area can be roughly checked by planimeter (Art 6), or by dividing the 
plotted traverse into rectangles or triangles, scaling their dimensions and computing their areas. 
A more exact check on the area is to compute from the latitudes the double parallel distances 
(D P D), just as the D M D's were computed fiom the departures, and then obtain double areas 
by multiplying each D P D by its departure. 

If I be error in latitudes and d error in departures, the SBaoB or ci,osuB]i of survey equals 
+ d*. Thus, the error of closure of survey shown above is 

Vo.oa* -I- 0.10* - 0.135 ft, 

and the relative error of doeure is 0.135 3 802, or 1 part per 28 300. 

I.«rge mistakes in taping distances will be detected in the process of computation. If latitudes 
and departures do not balance within reasonable limits, the error in departures divided by error in 
latitudes equals tangent of bearing of that line whidi would represent error of closure on the plan, 
and if only one mistake has been made in measuring distances it probably occurred on a line having 
approximately this bearing. 

If error between plus and minus latitudes, or departures, should be seen to be about double the 
latitude, or departure, of any one course, it is probable that the bearing of that course was rewd w 
recorded in wrong quadrant. 

Traverse tables shorten the work of computations. One of the beet is that by K. L. Qurden, 
computed to four decimal places, for every minute of angle and up to 100 units of distance. 

The same tables can be used for computing 
horiz and vert distances corrospoqding to 
inclined tapings. Nearly every textbook of 
surveying and civil engineers’ pocketbooks 
contain a traverse table computed to 15 min 
of angle. In the absence of a traverse table 
computed to single minutes, a table of log sines 
and cosines can be used (Sec 45). 

When a traverse does not follow property 
lines (Fig 12), areas may be computed, as simple 
geometric figures, as in following example: 

In Fig 12, ABC is property line and XYZ, 
traverse line. 

aA - 26.2 X atn 76® 24' = 24.5 

aX - 25.2 X cos 76® 24' - 5.9 
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aft - 6.9 + 207.6 + 7.1 - 220.6 

hB - 12.7 X «n 66® 12' - 10.6 

ftr- 12.7 X CO* 66 ® 12' - 7.1 


AB - 220.6 + 
Area AabB * 


(24.6 - 10.6)* 


- 221.0 


2 X 220.6 

24.6 -h !0.6 
220.6 X-x- 


Area AXa 
Area BFft 


24.5 X 5.9 
2 

10.6 X 7.1 
2 


3 872 
- 72 
-38 


Area AXYB "* 3 762 eq ft 

Another method, of special application to mine surveys, is to compute area from the 
COOBDINATBB of the comcrs of a tract (see Art 8, this Sec, and Art 0, Sec 18). Coordi¬ 
nates of the comers are computed in ordinary manner by noting bearing and distance of 
each from nearest, or most accessible, traverse station, of which the coordinates are ascer¬ 
tained by method previously described. Number the comers consecutively around the 
tra^t. Multiply each latitude (ordinate) by the difference between following and pre¬ 
ceding longitude (abscissa), always subtracting the preceding from the following. One- 
half the sum of the products is the area. 

Meandering boundaries, such as brooks, roads, etc, are usually located by measuring 
perpendicular offsets from a traverse line which has been run conveniently near the 
boundary. If curvature of boundary be fairly uniform, offsets are taken at regular 
intervals, but if it be erratic, offsets must be taken at each point where direction changes. 
In either case, areas of the several trapesoids are computed, and their sum added to or 
subtracted from area within traverse lines. If offsets be taken at equal intervals, the 
computation may be made by one of the following methods. 

Trapezoidal rule. Area » d (Ae -f- 2 2ft -f- fte'), where d « common interval be¬ 
tween offsets, ft« and ft,' end offsets of the series of trapezoids, and Zft sum of inter¬ 
mediate offsets. This rule assumes that the boundary is a straight line between adjacent 
offsets. 

Simpson’s one-third rule. Area t/s d (ft« H- 2 Sftodd + 4 Sfteren + ftaO, where d * 
common interval between offsets; he and ft«' » first and last offset; 2 SAodd ■■ twice the 
sum of the odd offsets (3d, 5th, 7th, etc) ; 4 2ft«ven four times the sum of the even 
offsets (2d, 4th, 6th, etc). To apply this rule there must be an odd number of offsets; 
if the number is even, compute the area of one end trapezoid separately. This rule assumes 
that between adjacent offsets the boundary is a parabola, through 3 consecutive points. 

In Fig 12 the area of e/Zd by the trapezoidal rule Vz X 20 X [13.6 + 2(13.2 + 12.7 + 11.4 
■+■ 12.2) + 16.7] ■■ 1 293 sq ft. By Simpson’s rule the same area ■> V 3 X 20 [13.6 + 2 X 12.7 
+ 4 (13.2 -I- 11.4) + 12.2] + 1/2 X 20 (12.2 + 16.7) 1 286 sq ft. Area JiY/e is eomput^ by 

finding area of trapezoid Bgfe and subtracting triangle BgY, giving 235 sq ft. Similarly dZC is 
computed by finding area of trapezoid dZJC and subtraoting triangle ZJC, giving 58 sq ft. The 
length of side BC can be found by computing the several parts Be, eh, etc, by method of Art 10. 
For example 


eh 


20 + 


(16.7 - 12.2)* 
2 X 20 


20.5 ft. 


13. DETERMINING THE TRUE MERIDIAN 

The three methods best adapted to the needs of an engineer are: (a) by observing 
with ordinary tranmt the bearing of sun, found from its altitude; (ft) by use of the solar 
attachment for transit; (c) by observing the bearing of pole-star at its greatest elongation. 
The observations consist in measuring directly the horizontal anido between sun or star 
and the survey line of which the bearing is to be dotemiined; preliminary observations 
on other factors required for solution of problem, such as the altitude of sun or star, the 
latitude of place, or the time, are usually also necessary. 

In solar observations certain times of day are more favorable than others, while at 
certain times the observations should not be made at all. During summer (in northern 
hsmispheie) observations may be made at almost any time between 7 and 10 a m, and 
between 2 and 6 pm. Observations before 7 a m or after 5pm are usually imsatisfaotoiy, 
because the sun is so near horizon that atmospheric refraction introduces a large error into 
the ggeasuied altitude of the sun; for best results, sun should be at least 10® above horison. 
In midwinter it will therefore be necessary to wait until nearly 9 a m before making an 
Observation. Between 10 am and 2 pm astronomical conditions are not favorable for 
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an accurate solution, of the spherical triangle that must be employed to compute the sun's 
asimuth. In general, when sun is well to the east or west, conditione are favorable; when 
it is near meridian they are unfavorable. 

Observation of sun’s bearing. The only additional equipment necessary for an 
ordinary engineer's tranmt is a colored glass over the eye>pieoe. Even this may be dis¬ 
pensed with in the following manner: Draw out the esre-piece tube a little way and hold 
a card behind it; if telescope be then pointed at sun, an image of sun and of the cross¬ 
hairs can be seen on card. The image may be focused by moving card to or from eye¬ 
piece; the cross-hairs can not usually be seen except when projected on to the sim’s disk- 
In computing sun's azimuth it is necessary to know the time within 5 min or leas. If 
possible the watch used should be regulated to standard (railroad) time. 

The observation consists in measuring simultaneously the horiz angle from some 
reference line, and the altitude of sun's center. Set the vernier at 0°, and sight telescope 
along the reference line. Then unclamp the upper motion, and sight at the sun. The 
horiz and vert angles, and time of pointing ore recorded. For a comparatively rough 
result, say, when an error of 1 to 2 min is not serious, it will be sufficient to bisect the 
sun's disk, by estimation, with both vert and horiz cross-hair; for more precise results, it 
is necessary to observe upper and then lower edge of sun fur altitude, and right and left 
edges for horiz angle. The means of these pairs may bo taken as altitude and horiz angle 
to the center, as though they were both measured directly at same instant of time. To 
make these double observations on the sun with least effort, the edges to be righted should 
be so selected that only one tangent screw will have to be turned at a time. In the 
morning (in northern hemisphere) the sun is rising and moving to right. If telescope be 
set so that sun appears in upper left-hand quadrant of field, the sun will approach the 
vert and recede from the horiz cross-hair. If transit has an inverting eye-piece the motion 
will appear reversed. By setting the horiz hair a little above lower edge of sun's disk, the 
sun’s motion itself will bring cross-hair into contact with lower edge of the disk; it is 
therefore necessary only to keep vert cross-hair in contact with right edge, by means of 
the upper tangent screw, stopping this motion the instant both cross-hairs are simul- 
taneouriy in contact with the edge of disk. When this position is reached the watch time 
should be recorded, the vert and horiz circles read, and the index error of vert circle 
determined. The second half of the observation consists in bringing the disk into the 
lower right-hand quadrant, setting the vert hair a little to right of left edge, and keeping 
the horiz hair steadily in contact with upper edge of disk, by the vert tangent screw, until 
both hairs are again in contact. The watch time is recorded, both circles are read again, 
and index error of vert arc determined. The mean of the two vert angles is assumed to 
correspond to the mean of the two horiz angles, and to the aver of the two times. These 
two pointings should give sun's bearing to nearest min of angle; for greater precision, 
observations may be repeated, 3 readings being made in each porition of cross-hairs. 
If instrument has a complete vert circle, so that altitudes may be read with telescope 
inverted, it is advisable to take the second half-set of readings with telescope in inverted 
porition, thus compensating errors of adjustment (Sec 4). It is good practice, after observa¬ 
tion is made, to right back at the reference mark; if vernier reads 0”, it indicates the 
horiz circle did not move during observation. It is undesirable to let the observations 
extend over more than 10 or 12 min of time, since the curvature of sun’s path will intro¬ 
duce error into result. If observation be made in afternoon, the disk should be placed in 
upper right-hand and in lower left-hand quadrants. 

To calculate the aun’a bearing, take the mean of measured altitudes, subtract from 
it the refraction correction in following table, and call this h m formulas below. 

Refraction Correction to the Altitude (Minutes to be Subtracted) 



Next find sun's " declination ” for the instant of observation, from (a) American Ephemwis and 
Nautical Almanac, (b) Nautical Almanac, or (c) handbook of an> instrument maker who puUiahes 
a " Solar Ephemeris." (a) and (b) are published by Navy Dept, Wash, D C. In (a) the " apparent 
deelination '* is given for each day of month for the instant of “ 0 hr Qreenwidi Civil ‘Time,” 
together with the tabular difierenoe for 24 far. In (b) it is given for every 2 hr, together with 
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“ hourly differenoe.” In (c) it in liven ns in (a), togethw with the “ variation per hr." To correct 
the declination lor the number of hours since 0 hr (midnight), multiply, if (a) is used, the tabular 
^iTerenoe for 24 hr by the number of hr of Greenwich Civil Time, divide by 24 and add this correc¬ 
tion algebraically to the declination for 0 hr. To find mvnber of hr of Greenwich Time, add 12 hr 
if time is F M; then add 6 far if given time is Eastern Standard, 6 hr if Central Time, 7 hr if Moun¬ 
tain Time, 8 hr if Pacific Time. If given time is local, add west longitude in hr, min, and see. If 
given time is “apparent" (true sun time), first subtract from it algebraically the “equation of 
ti.'ne which is difference between Civil and Apparent time at any instant. Values of the “ Eq 
Time ” are given in the above publications in same manner as the declination. When converting 
" apparent time “ to mean time, it is necessary, since the Eq Time is tabulated for dvil time, to 
first find the civil time with sufficient accuracy to find the correct Eq Time. Corrected declination 
is called D in the formulas. 

Example. Compute sun's declination at 2 P M Eastern Standard Time, Jan 8, 1938. 

Sun's declJan 8,1038, at Greenwich Civ Time 0 » — 22° 21'25.0''. Tab dill for 24 hr470.2'', 
Greenwich Civ Time, corresponding to 2 P M, E .S T ■■ 19h. Hence, declination ■■ — 22° 21' 25.6“ 

470.2 X 19 ^ _ 22© jg/ 07.S''. 

►24 


Example. Compute the sun’s decl, Jan S, 1038, when the “ apparent time " is 12h (noon) in 
longitude 71° 04' W ( - 4h 44® 18* - 4.74 hr W). Sun's decl at G C T Oh - - 22° 21' 25.6''; 
tab diff for 24 hr *■ 476.2". Eq Time at O C T, Ofi •» - 6® ^>5*.00; tab diff. for 24 hr »» 25*.59. 
The Greenwich Apparent Time - 12h 00® 00* + 4h 44® 18* - lOh 44® IS* - 10.74 hr. The 
approx Gr Civil Time - lO** 44® 18* + (-6® 26*.6) - 16“ 50® 43*.6 - 16.85 hr, a value suf¬ 
ficiently accurate for ordinary purposes for computing the Eq Time. Hence, the corrected equation 

of time - - 6® 25».60 + ^ « _ 6® 43«.56; then the Gr C T - 16h 44® 18* 

24 

+ (-6® 43*.0) - 16“ 51® 01».6 - 16.85 hr. Required declination is -22° 21' 25.6" 


16.85 hr X 476.2" 
24 


- 22° 15' 51.3". 


The latitude of the place must be obtained either from a map or by direct obaervation. If taken 
from a map it must be obtained within about 1/2 If observed directly, it is found as follows: 

The max altitude of the sun should be found at noon, with the transit, by setting horix cross-hair 
on lower edge of sun- and following it as long os it ooiitinuos to rise. When sun drops below cross¬ 
hair, the altitude is read from the vert arc. This reading must be corrected for index error, refrac¬ 
tion, and semi-diameter. The semi-diameter may be taken from the Nautical Almanac at the same 
opening os the declination. Call the corrected altitude h. The latitude is then found from the 
equation, L 90° — (h — D). South declination must be considered negative. 

Example. On Jan 8, 1938, in longitude 71° 04' W (— 4“ 44® 18* W — 4“.74 W), observed 
meridian altitude of the sun’s lower limit was 25° 06'; index-error, -1-01'; refraction correction, 
—02'; sun's semi-diam, lO'.S; hence true altitude of sun’s center •• 25° 21'.3. Sun's declination 
(from Ephemeris) at 0 hr Greenwich Civil Time —22° 21' 2.5.6"; tabular difference for 24 hr 
n 476.2". Apparent time at place of observation is 12 hr (noon); hence Gr Apparent Time is 
1C“ 44*“ 18*. Equation of time at Gr Civ Time 0“ •» — 6® 2.5S.6. 'Tabular diff for 24 hr ■< 26*.59. 
The required Equation of Time is —6® 43*.66 (see preceding page); adding this to the Gr App 
Time »> 16“ 51™ 01* 16.85 hr is found for the Gr Civ Time. Declination D, at instant of 

observation, is —22° 15' 51.3". The formula then gives the latitude, L = 42° 23.1' N. 

The asimuth of the sun’s center at instant of observation is now found by the formula: 


eoa Z 


ain D — tin h stn L 
eoa h eoa L 


in which Z is asimuth from north point (either CMt or west). 

Example. Asimuth observation on sun, April 12, 1925. 
Instrument at sta 19 
Reading at sta 20 “ 0° 00' 

Upper and left edges Horis angle (to right) 84° 28' 

Lower and right edges Horis angle ■■ 86° 11' 

Watch, Eastern Time, 9“ 07® AM Mean - 85° 19'.5 

Greenwich Civil Time, 14“ 07® 

Declination at “ 0“ Greenwich Civil Time " - 8" 24' 44".3 

Correction »64" .09 X 44“.12 - + 12 56. 6 

D - -b 8° 37' 40".9 

’Angles Not Sin Log Sin 

D+8°37'.7 0.15002 

h 41°21'.8 9.82009 

L 42° 23'.8 9.82882 

product -0.44557 9.64891 

numerator —0.29556 

67° 48'.6 

Z - 122° 13'.5{N E) 

Angle - 85 19.5 
Bearing - N 30° 44'.0“ E 
As - 216° 44'.0 


Vert angle •• 41° 30' 
Vert angle >■ 41° 16' 
Mean - 41° 23' 
Refraction — — 1'.2 

h - 41° 21'.8 


Log Co* 

9.87637 

9.86834 

9.74371 

9.470g3n 

9.72692n 
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In cue it ie not convenient to uu the nettind functions, Z mny be found bgr ' ' ■> 

, e»f*- - 

, 2 \ eo* If cot h J 

in which p 90 ~ A nnd t V# (L + fc'4- p). 

In cue there is doubt nbout error of the weteh on atenderd time, local time may be obtained 
by formula: 

rtn* l/tP - « *»•» U - *) 

CM L <tn p 

i^gle P (expressed in hr, min, and see), added tp west Icmgitude of place gives Greenwich aAiarent 
time. To obtain Greenwich Civil lime subtract “equation of time” given in the Almanac. 

Solar attaeluneat ie a small appliance, which may be attached to an engineer's transit 
and used for finding the meridian by an observation on the sun. There are several different 
fonns, but the general principle is that the attachment itself can be rotated about a polar 
axis (parallel to earth’s axis), so as to follow the sun’s daily motion, while the whole 
instrument can be rotated about vertical axis of transit, to swing transit telescopd into 
plane of meridian. By a combination of these two motions the telescope of the attach* 
ment (or its equivalent) may be pointed at sun. If proper settings be made for observer’s 
latitude and sun’s declination, this pointing at sun can be accomplished only by bringing 
transit telescope into plane of meridian. 

The three steps required in the process are as follows; First lay off declination of sun 
in such manner that the solar telescope may be pointed at sun, while the polar axis is 


Etmm. 



Fig 13. Half Celestial Sphere 


paralM to earth’s axis. The method of doing this depends upon construction of instru¬ 
ment. In the Burt solar attachment the declination is set off directly on a special arc 
provided for this purpose. In the Saegmuller pattern it is set off by means of vertical 
arc of tranrit and an attached level, the small telescope being in same plane as transit 
teleecoiie when declination is laid off. In other forms of attachment, such as Shattuck’s 
and Smith’s, which contain mirrors, this setting is made by special devices depending 
ui)on construction of instrument. After the declination setting is made, the polar axis 
of the attadiment is given an inclination to horison equal to latitude of place of observa¬ 
tion. In the Burt and Saegmuller attachments this is done by making vert arc read 
the Godatitude of the place. In the Shattuck and Smith attachments the transit tele¬ 
scope is placed in position by setting vert circle to read latitude of the place. When 
these two settings have been made the solar telescope is sighted at sun, or, in case of those 
attachments having mirrors, the mirrors are turned so that sun can be seen in telescope. 
When sun’s disk is bisected exactly by the cross-hairs, the plane of transit telescope must 
bo coincident with plane of meridian. 

/ The declination referred to in preceding paragraph may be taken from the Nautical Almanac 
for given date and for the iiutant of Oh Greenwich Civil Time; the tabular differenee for 24 hr is 
given in the next column. To obtain correct declination take number of hours in the Greenwich 
Civil lime and x^tiply this by the tab diff for 24 hr 24. The number of hours in the Greenwich 
Civil Time is obtained as fotlows: If the time is P M add 12 hr; then, if it is liastern ^tendard 
(44 6 la, if Central Time add 6 hr, if Mountain Time add 7 hr, and if Pacific Time, add 8 hr. 
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If loeol tixM a givva, add tba wait loagitudfl ax pr eiaed ia hr« aiin, aad aM. Th$ ooRvotad deoliaa- 
tioa baa atiU to bo o<^reotod for offeet of'atauiapbario rafraetion, aa found in the handbooka of. 
inatrumant makaia, or determined by Oomatoek'a metbod, aa foUowa: Set vert hair on one e^e of 
Bun and nom time; aet vernier of plate 10 min ahmd and note time when aame edgii'of aui^ ia again 
an eroaadiair. If n be aeoondi of time between obeervationa and h the altitude, degreee, the refra<)* 
tion in minutea eqtiala 2 OOO A X n> Add thia oorreotion to north dedinationa, and subtract 
from Boutb deoUnations. The latitude uaed in solar obeervationa may ba taken from a reliablo map, 
or directly obeerved by method already described. 

Chief objeoticm to aolar attaohmenta is that, for even fair results, the adjustments must be’ 
frequently inspected. Direct sdar observations with an engineer’s transit are more aecurate, and 
take very little mwe time than with the attachment. 

Vor details of oonatruetion and use of diiTerent aolar attachments, see eataloge of makers. 
W. A L. E. Qurley, Troy, N Y, make the Burt solar attachment; Ainsworth dc Sons, Denver, Colo, 
the Shattuek; Young & Sons, Pfaila, Pa, the Smith. Nearly all instrument-makers manufacture 
attachments aimilw to the SaegmuUer Solar. 


Burt solar compass is an instrument for determining direction of the true meridian by 
observations on the sun. It consists of a horiz plate upon which are mounted two vert 
eights, like those of the ordinary needle compass and also a polar axis which is fixed in 
aame vert plane as sights; the whole instrument revolves about a vert axis. An arm, 
carrying a lens and a sorow is so attached to the polar axis that it may be set at any inclina¬ 
tion to it, and may be revolved about it. 

To determine the meridian, set the arm at proper inclination to jiolar axis by setting 
off sun’s declination on the declination arc. Next give polar axis an inclination equal to 



BotaHu 
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latitude of the pleute, by setting off this latitude on the 
latitude arc. If the arm is now turned about the polar 
axis and the whole instrument about the vert axis, so that 
the lens throws an image of sun on center (square) of 
screen, the sights are in plane of the meridian. 

Observations on the pole-star are- less conveniently 
made than those on the sun, but the calculations are sim¬ 
pler and accuracy is somewhat greater. To identify 
Polaris, first find Great Dipper, comprising 7 fairly bright 
stars forming a dipper with bent handle (Fig 14). The 2 
stars on side of bowl farthest from handle are (»lled the 
'‘Pointers,” because a line through them, prolonged about 
6 times the distance between them, passes through a point 
close to Polaris. Its position may also be verified by not- 



Fig 14. Circumpolar Stars 


ing that Cassiopeia (the W) is on opposite side of Polaris 
from the dipper. Once each sidereal day, Polaris de¬ 
scribes a amidl circle about the invisible pole, with radius 
(in 1938) of about 1° 01'. Twice each day the star is on 
the meridian; once when directly above the pole, called 
"upper culmination,” and again when below the pole, 
at “lower culmination.” Its extreme eastern poaitibn 
is the "eastern elongation”; its extreme western position, 
the “western elongation.” Observations are best made 
at either elongation. Fig 14 shows the constellations as 
they appear when Polaris is at its upper culmination; by 
looking at the figure inverted they are seen as they ap¬ 
pear at lower culmination; by looking at it from left 
and right margins of page, the positions are seen for 
western and eastern elongations of P(^aris. 


Xqalpmeat neeasaary, beaidea the {ranait, compriaea a Saab light or lantern, and a reflector to 
throw light into the teleeoope field and make the croea-haire viaible. It u not neMsaary to know 
aoouratdy the inetant at which elongation will occur, but it ia convenient to know the time within a 
few min, so as to have amide time to prepare for the obaervation. Poeitioa of the conateUations 
gives a fair idra U, the time before Polaria will reach the poeition of elongation. A doaer time 
eatimate can be made from foUowing table for latitude 40" N. 



Jan 1 
Fob I 
Mar I 
Apr 1 
May I 
Juna I 


Eaatern 

elongation 



Weatern 

elongation 


oh 59m 
22 52 
21 02 
19 00 
17 02 
IS 00 



Eaatern 

elongation 


}h lim 
23 Ofr 
21 OS 
19 07 
(7 06 
IS 08 


Western 

elongation 


13h 03« 

II or 
0 
3 
I 
3 
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IMm. Tbe fistitaa gimi mre looal otvil time (thou greeter thea 12 hr being P M): loenl time 
ef eaet or went alongntion does not nry morn ti»n • min in different iwrta of the V A To dmnge to 
etandnrd time, tnke differenee in longitude between etnndnrd meridUun end o b e err er’e meridinn, 
•ad convert thin into tinw; 1 br owreepondc to 15° tA longitude. Add tbki te lomd time if p)«oe in 
wait of etnndnrd moidian. mui vie* mtm. Standard meridiana are thoae diviaiUe by 1& To find 
tbe time for a date other than first day of month, interpolate between values given. 

Bnample. Find Central Standard Time of eastern elonntion of Polaris on Aug 3, at longitude 
91° W of Greenwich. The time for Aug 1 ia 23l> 06***, or 11« 06*o p M; the difference is about 2 hr 
for the month, or about 4 min per day. Hence, for Aug 3, the time is about lOh 58*o P M; tbe 
place is 1° or 4 min west of Centr^ (90°) meridian; Central standard time is therefore 11^ 03 *b P M. 

About 0.5 hr befor* time of elongation, transit should be set up and star bisected by 
vertical croes-hair. As it slowly moves right or left toward its greatest elongation it is 
followed by using lower tangent screw. At eastern dongation the star will be rising; at 
western elongation, setting. When extreme position is reached, the line may be trsns> 
ferred to a stake on the gground, or an angle measured to a reference line. For greater 
accuracy, a second observation ia made immediately afterward, with telescope in reversed 
position, the plate bubble being levded again before sighting. Mean of the results will 
be free from errors of adjustment. 

It now remains to find the true bearing of the line marked out, or the bearing of the 
star at elongation, which is computed by: 

Sin aaimuth = tin polar distance X sec latitude. To establish the meridian line, thia 
ang^e is laid off to right for western elongation, to left for eastern elongEation. This may 
be done by transit, or by a perpendicular offset measured with tape. 

Latitude used in formula need not be known with great accuracy; it may be taken 
from a map if it can be found within 1 or 2 min of true value. For a direct observation, use 
following method: If the altitude of Polaris be observed when above the pole (upper 
culmination), its max altitude found by trial is the meridian altitude. Latitude ia then 
computed by: L h — p. To obtain true altitude h, the measured altitude must be 
corrected for refraction and for index error. Polar distancb p is found by finding deo> 
lination of Polaris in Nautical Almanac, in Table headed "Circumpolar Stars," and 
subtracting it from 90°. If the star be observed at lower culmination, the polar distance 
must be added to altitude. 

Example, obsarvatioa for latitude. Observed* altitude of Polaris at upper culmination ■■ - 
43° 37' 00"; index correction •> + 30"; refraction correction 1' 01"; hence, true altitude 

43° 30' 29". Declination of Polaris is +00° 50' 24"; polar distance 1° 01' 30" and latitude is 
therefore 42° 34' 53" N. 

Example, obeervation for meridian. Direction of Polaris is observed at its western elongation 
Meh 11. 1938, in latitude 42° 30' N. Declination of Polaris is +88° 58' 27"; polar distance, 
1° 01' 33". Aaimuth is computed as follows; 

log tin p » 8.25293 
log «ec L - 0,13237 

log tin Z - 8.38530; henoe, Z - 1° 23' 29" W. 

This angle is to be laid off to the right, to fix a point on meridian 310 ft N of transit. The 
cffset is found as follows: 

log 310.0 - 2.49136 
log tan 1* 23' 29" ■ 8,38541 

10.87677; hence, offset 7.530 ft. 

Aximuth is obtained with greater accuracy by this method than by observation on the 
sun, provided ^e instrument is used in both direct and reversed positions, and plate ia 
releveled bcdore each pointing on star. 

14. OBSTACLES AND INACCESSIBLE DISTANCES 

Random Una is often necessary when obstacles occur on a traverse line. If it be 
required to run Une AB (f^g 15), neither end being visible from the other, and tiiere is 
no ittte^ediate point frc«n which both ends 
are visible, a random line AX can be run. 

Measure perpendicular distance CB and also 
AC. Compute AB by trigonometry (or by 
method of Art 10, if BC is short and AC long), 
and set any desired point D on AB as follows: 15 . nunning Random line 

AEmADX (AC + AB), and ED ^ BC X 

(AD >- 4 > AB). By this method points on AB can be set witbput running out and actiially 
meainurhig lihe AB. Tan CAB CB AC, 
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When a atraight lin« AX oan not ba run, a travaraa from A to B.eui be rw in vjbitih line AB 
would form doaing aide; ita direetion and length ean then be eompated by methode.of Art 12 and 17. 
Any point D oan be aet on AB by oomputing ita latitude and departure and comparing theae witit 
latitude and departure of nean»t tranait point H on the random travene, aa foUowa; the differenoe 
in their departurea divided by differenoe in their latitudee ^vea tangent of bearing of line HJ>, 
and length ia 

SD - Vdiff lat* + diff dap*. 

By aetting tranait at JI, pointing in direction of ealoulated bearing, and laying off diatanee HD, 
point D ean be acourately aet on AB, Since thia traverae method ipvolvee meaaurement of anglea, 
it will not lend itaelf eo readHy to accurate reaulta aa the eaae lirat deacribed, where random line ie 
atraiidit. In running any atraight line, when neoeaaary to produce the line by reveraing teleacope, 
the mean result of a double reversal should always be taken, the telescope being first erect and then 
inverted, to compensate errors in adjustment. 

Sutinlnf panillel line poet obstacle. One of the most exact methods of extending a 
straight line past an obstacle of limited size is to run a parallel offset line past the obstacle. 
The instrument is set at B (Fig 16) and BB' is laid off at right angles; BB' ia made any 

convenient distance which will bring ttie aux¬ 
iliary line beyond obstacle. Similarly, point 
.4' is set opposite point A\ although if AA' 
be short the transit need not be used for 
laying off right angle at A. Points A and B 
must have . been accurately set on line. The 
instrument is then set at B', backsighted on 
A', the telescope inverted, and points C' and 
/>' set on line. T.eaving telescope inverted, another backsight is taken on A', and process 
repeated to compensate instrumental errors; points C and D' will be set on mean of 
these two lines if any errors are evident. Transit is then moved to C, a right angle turned 
off, and point C sot, the distance C'C being made equal to B'B. By then setting at C and 
sighting ahead on DiDD' ■> CV'), the original transit line is then again xun forward. 
Distance B'C is measured carefully, to give distance BC\ this is why it is necessary that 
linos BB' and C'C shall be laid off at right angles by the transit. 

The other offsets A A' and DD' are not in any way connected with measurmnent along 
the line; they simply define its direction; hence, if convenient, it is often necessary only 
to show these distances as swing offsets for transitman to sight on. Offsets AA' and DD' 
should be taken 2(K) ft or more from olistacle, if practicable. 

Should obstacle be in a hollow, so that it is possible to see over it with instrument at 
A, the point D, or a foresight of some sort, should be set on line beyond obstacle, to be 
used as foresight when tranait returns to original line. The distance may be obtained, 
as above, by an offset line around obstacle. Sometimes it is possible to place a nail exactly 
on line on ridgepole of a building (if that is the obstacle), 
which gives an excellent backsight for extending line on 
other side. 

Bquilateral triangle traverse. In Fig 17, set instrument 
at C, lay off 120®, set stake D a sufficient distance away, 
measure CD. Then set up at D, lay off 60®, and set point 
E, making DE «« CD. Set up at E, lay off 120®, which 
defines line EB. Evidently CE = CD -» DE. 

■ To pass obstructed portions of main traverse an auxiliary 
traverse with small deflcrtion angles may bo run which will 
lie near the former. Since the deflection angles are small 
the distances measured on auxiliary traverse can be applied 
as though they were measured on main traverse, from point 
of departure to point where main traverse is again reached, 
an isosceles triangle is formed with main traverse as the base. Suppose at A on main 
traverse a deilecrion of 0' 24' R is taken to £1 on auxiliary traverse {AB ~ 421.7 ft); at 
B deflection 0® 48' L <2 X 0® 24') is turned and BC made 421.7 ft. Then C lies on main 
traverse and by laying off at C deflection 0® 24' R, the main traverse line is resumed. 
This method oan be extended to comprise a series of isosceles triangles, tiie bases of 
which arc cither main traverse line or lines parallel to it. 

To measure an inaccessible 'distance, where line is visible, such as across a pond, any 
of following mcl^ods may be employed: 

(nr Lay off from transit line AC (Fig 18) a line A3, which clears end of pond and can 
be taped, and set stake JV; then lay off ABC » 90® and set point C by intersecting main 
transit line. Measure angle CAB and side AB, from which AC -• AB 4 - &oa CAB\ or 


0 



Fig 17. Triangular Traverse 
Past an Obstacle 


The simplest case is where 
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Fig 16. Bunning Parallel line Past an 
Obetaole 
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better, AC • AS AS exBoc CAS. Angle C and diatanoe CB can be ootnputed, and 
(diecked against their field measurements. ■* 

(b) With instrument at A (Fig 19) and a siring offset of 100 ft from C (iasne point on 



Fig 18, 10, and 20. Measuring Inaoeeaaible Diatancea 


midn traverse line on other side of pond) measure angle between CA and a tangent AS 
to thd swing offset. AC 100 -i- sin CAB. 

(c) Any line AS (Fig 20) may be laid off along shore of a river, and a point C set on 
main traverse line across the river. Measure angles A and B, and also C as a check, and 
from AS as a base compute AC by trigonometry. If AB l>e made 
perpendicular to CA and some multiple of 100 ft long, computation 
is simplified. 

To obtain distance between two inaccessible points A and B 
(Fig 21), by ob&crvations from two accessible points C and D, 
measure DC and angles ADC, ADS, ACS, and BCD. Compute 
CB in triangle CBD, AC in triangle ACD, and then in triangle 
ACS compute AS. 

To obtain the inaccessible distance AS (Fig 21) between two 
accessible points, by observation on two inaccessible points C and 
D when distance CD is known, measure angles CAD, DAB, CBD, and ABC. Assiune 
AS =« 1. Then compute CD by process described in above paragraph. This gives a 
ratio between AB and CD, and since CD is known, the actual length of AB may be 
computed. 

16. RE-RUNNING OLD LINES 



In re-running old property lines, surveyor must first determine where original bound¬ 
aries of property lie, and then survey those boundary lines, lie should not attempt to 
correct original lines, even though sure that errors exist in them. He must first of all look 
for physical evidence of monuments or other marks, known to have existed on the boundary 
lines; failing in this, he should base his judgment ^ to their location on such evidence as 
occupancy, dimensipns stated in deedsr or the testimony of competent witnesses. It must 
not be'assumed that a boundary is missing because hot at once visible. Stone bounds are 
often-buried two or three feet deep; the top of a stake soon rots off, but evidences of the 
stake are often found many years after the top has disappeared, and the supiiosed location 
should be carefully dug over to find traces of the old stake. 

In interpreting a deed it is assumed that the document was intended to convey property 
the boundaries of which form a closed traverse. Therefore, if it bo found that the omission 
of a whole chain-length, or the reversing of direction of a bearing, will cause a deed descrip¬ 
tion to close, this change may properly be made. Where record of original survey does not 
close, deeds of adjoining property are often of assistance. Where artificial features are 
mentioned as boundaries, these ^wuys take precedence over the recorded distances and 
angles, but such marks must be mentioned in deed to acquire force or authority of monu¬ 
ments. When area does not agree with Iwundaries, as described in deed, the boundaries 
control. . All distances, unless otherwise spctcified, are to be taken as straight lines; but 
distances stated as so many feet along a wall, or highway, are supposed to follow these 
lines even if not straight. When a deed refers to a plan, the dimensions on this plan become 
a part of description of property. 

Legal bottadaries. Where property is bounded on or by a highway, the abutters own the 
to middle line, but where it is an accepted street each abutter yields his portion of street for public 
use. If, however, the etr^t be abandoned, the land reverts to owner if bis deed reads that the 
property ia bounded en the street; but if it reads that it is bounded by the street he owns no fee 
in street. If a street baa been opened and used for a long series of years, bounded by walls or 
fences, and there has been no protest regarding them, these lines usually hold as legal boundaries; 
but if street lines have been defined by proper otfieiala, and evidence of these lines is such that they 
can be re-run, then the law usually requires a much longer period of occupancy before a private 
Owner can acquire rights from the public in the street. In the case of a line between private owners, 
ncquisBoence in location of the boundary wUl, in general, make it the legal line; but if there be a. 
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mistake ia its loeatios, and it baa not been brought to attention of the interaated parties, nog any 
question raised as to position, then oooupan«y*for many yean dose not make it a legal linn. 

Propwty bounded by a noh-navigable stream eatends to the thread ^ stream, the le«tl meaning 
of which is a line midway between shore lines, not neoesearily the thread in time of drought. If 
property be desoribed as running ^ a river, it is interpreted to mean to low-water mark, unless 
othwwise stated; if dentidbed fs running to bank of a river, it means to edge of the mdandb; if to 
ohore line, it means to water’s edge when stream has its average regimen of flow. .Where cviginsl 
ownership ran to shore of a navigable stream, and the water has subsequently receded, the proper 
subdivision ia one which gives to each owner along shore his proportional share of river channel; in 
general, these lines will therefore run perpenchcular to channel of stream from the original intersection 
^ divirion and shore lines. A more complete statement of the principles mentioned above, par¬ 
ticularly with referenoe to V 8 Public Land purveys, will be found in an addrese on " Ihe Judicial 
Functions of Surveyors," by Chief-Justice C^boley of Michigan Supreme Court. (,Proc Mich Aasop 
of Eng and Surveyors, 1882, pp 112-122.) 

Should all evidence of artificial boundaries of a property be missing, smveyor will have to seoept 
deed description as beat evidence. If directions of lines be given as magnetic bearings, it k neees- 
sary first to determine declination of needle at date of survey. The declination should be stated in 
deed or cm original plan, but frequently it appears in neither. If the date can be eetablished, the 
deelinaiion for that year and place may be obtained from records of local aurveyora or from past 
U S Coast Survey records. If one line can be identified as a boundary, the difference between its 
present magnetic bearing and its original bearing gives difference in declination directly, and the 
remaining deed lines can be run out by correcting all bearings by this amount. The chain used in 
original aurvey may have been of different length from the one now used; this can be readily deter¬ 
mined by measuring length of any well-defined line of the property, and the differanoe thus found 
is applied proportionally in measurements locating lost corners. 


16. imiTED STATES PUBLIC LANDS 

The gyitem. The United States system of surveying public lands, inaugurated in 
1734 and rinoe mexiified by various acts of Congress, requires that pulriio lands " shall be 
divided by north and south lines run according to the true meridian, and by others crossing 
them at right angles so as to form townships six miles square,” and that corners of town¬ 
ships thus surveyed " must be marked with progressive 'lumbers from the beginning." 
Also, that townships shall be subdivided into 36 sections, each of which shall contiun 640 
seres, as nearly as may be, by a system of two sets of parallel lines, one governed by true 
meridians and the other by parallels of latitude, the latter intersecting the former at right 
angles, at intervals of a mile. Since meridians converge, it is evident that the require¬ 
ment that the lines shall conform to true meridians, and also that townships shall be six 
miles square, is mathematically impossible. 

A surveyor whose work lies in a district formerly a part of the U S publio lands should 
procure from General Land Office, at Washington, a copy of " Manual of Surveying 
Instructions for Stirvey of the Public Lands of the United States." In this will bo found ail 
general and many specific instructions regarding the system, only the general scheme of 
which is described below. 

Subdivision work is carried on as follows: Firat, the establishment of an initial 
POINT, a PRINCIPAL MERIDIAN, by astronomical obs^vations, which is a true meridimi 
through initial point; and a basb-unb, which is a true parallel of latitude through initial 
point (Fig 22). 

These operations ;|re performed in different localities as a basis for surveys in those regions. 
The principri meridian is a straight line and the base-line a curve, being at every pqjint at right 
angles to the meridian through that point. The base-line is laid out by first running a straight line 
and measuring offsets from it to locate points on the parallel of latitude. Two methods are used 
for this, called the secant method and the tangent method, complete explaqationa of which, with 
tables, will be found in the manual issued by the General Land Office. 

Second, the division of the area into tracts approx 24 miles square, by estal>lishment 
of BTANOARO PARALLELS, Sometimes cidied correction unbb, which are true parall^ of 
latitude extending east and west through 24-mile points on the prindpal meridian; and 
also establishment of ovide meridians, which are true meridians through 24-mile points 
on base-line and on standard parallels, and extending north to intersection of next standard 
parftllel o^ base-line. 

Since these;, guide meiidians converge, the traets will be 24 milee on their eoutharn and less on 
their northern boundarke (Fig 22). The southerly end of theae guide mnidiana, where thtqr leave 
the standard parallel or base-line, are called otandabb cobnbrh, and points where they mert the 
next standard parallel to the nwtk are ealled CLOsiMa cornbbs. 

Third, the divimon of each 24-mile tract into townships (Fig 22)^ esdh igipioximstely 
6 miles square, by establishment of hbridIoiiaL lines, or'RANOB lines, wMch are true 
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UecidiaiGi through standard township oomers, established at intervals of d miles on the 
bas^ne and on the standard iwralleU, and extending noi^ to an intersection with the 
next standard paralld or baae>line; idso establiAment of nAtiTuomAL linm, or towk- 
BHiP UMxa. joining township comers previously established at intervals of 6 miles <ni 
principal meiitUan, guide meridians, and range lines. 
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Fig 22. Subdivision of 24'inile Tract into Townships 


Neglecting discrepancies in fieldwork, the Sr and W boundaries of all townships will be 6 miles 
in length, but the north and south will vary in length, being a max of 6 miles at standard parallel 
or base-line forming southern limit of a 24-mile tract, and a minimum at that forming its northern 
limit* Townships are designated by numbering them in order north and south from base-line and 
east and weat from principal meridian. Any aeries of contiguous townships or sections situated 
north and south of ea<^ other constitute a banox, while such a series in an east and west direction 
constitutes a tibr. Thus “Township 2 North, 


range 4 west of the sixth principal meridian" 
locates its position; usu^ly abbreviated to 
"T 2 N. R4 W, 6 th P M" (Fig 22). The half- 
mile intervals on range lines are made full 40 
chains for the entire 24 miles, except the most 
northerly half-mile, into which all excess or 
deficiency due to irregularities of measurement 
is thrown. Similarly, corners on E and W 
lines are so placed that exeees or deficiency of 
measurements is thrown into the moat west- 
sriy half-mile of each latitudinal township 
boundary. 

Fourth, the division of each township 
into BBcnoNB (Fig 23), each approx 1 
mUe square (640 acres), by establishing 
BBonoK liiNBB, both meridional and 
latitudinal, par^d to and at intervals 
of 1 mUe from eastern and southern 
bounduies of towndiip. Sections in all 
townships are numbered. 

In staking out section comers, surveyor 
seta up instrument at southeast corner of 
township, observes the meridian, and retraces 
range line northward 1 mile, and township 
line westward the same distance. This is for 
a comparison of his Tetraeement of those liner 
wi( 
sil 
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Fig 23. Subdivision of Township into Sections and 
Method of Marking Corners 


the record field notes, to asoertain pos- 

_discrepancies to be dealt with. The retracements are extended where necessary. Then fr^ 

southwest ooraer of section 36 he runs north on a line parallel with east boundary of township, 
settiiqc B quarter-seotien corner at 40 chains snd s section comer st 80 chains. Then from 
seetioa oorher just set he runs east on a random line, parallel to S boundary of section, setting a 
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temporary (juartereection eoraw at 40 eluiina. On interaeotini the nnae line he netee the 
of hia random line end elao diatanee 4 overruna or falia abort of length of S boundary of aeotion. 
If the failing ia not mme than fiO linka (33 ft, repreaenting angular deviation of 21 min), and if dia* 
tanoe overruna or faiia abort of length of aouthern boundary of aeotion 30 by not more than aame 
amount, a return oourae which will join the two aeotion cornera ia calculated; thia new line ia then 
run toward the W, the permanent quarter-aection corner being set at ite middle point. 

From the aeotion corner juet regained, the survey is now continued north between eeotione 25 
and 26, parallel with E boundary of township, the direction being ehang^ slightly to E or W 
according to whether latitudinal section line Just complete^ exceeded or fell ehort of desired length. 
At 40 and 30 ohaina on thia line quarter-section and aeotion cornere, reepeotively, are set; from 
the section corner a random line ia run across to the range line, a return eourse Mng calculated 
and run as before. Itiis ptooeaa is continued until 5 of the 6 sectiona in the series are enclosed. 
Then, if N boundary of township'|s not a correction line, from the section corner last patablisfaed 
a random is run N to township boimdary, and from data thus aecured a true line ia calculated and 
run from aection corner on township line back to initial cornco'. If N boundary of township is a 
correction line, however, the point at which the random intersects this boundary ia established as a 
cnoaiNo ouRNXB, and its distance from nearest stamdabd cobneb is measured and recorded. In 
either case the permanent quarter-section corner ia eatablished at 40 chains north of the initial 
corner, the excess or deficiency being thrown into the most northerly half-mile. 

In a similar manner the succeeding ranges of secUuiis are onolueed, randome bang run eastward 
to section corners previously established, and true lines corrected back. But, from the fifth aeries 
of section corners thus established, random lines are projected to westward also, and are dosed on 
oorreeponding section corners in range line forming western boundary of township. In correcting 
these lines back, however, the permanent quarter-section corners are established at points 40 chains 
from initial corners of the randoms, thereby throwing all fractional measurements into the moet 
westerly half-miles. This method of subdivision is shown in Fig 23. 

Subdivision of eectiona. When public lands were parceled out to eettlem, the quarter-eeetion 
was usually the unit area granted as a '* homestead this required establishment of the quarter- 
section corner at center of a section. Also, the subsequent division of original “ quarters '* into 
“ eighties,’’ " forties,” or other minor subdivisions, has necessitated location of numerous corners 
in addition to those originally established by government. 

The interior quarter-section corner of a section is always located at the intersection of straight 
lines joining quarter corners on opposite sides of section. This holds wherever the section may be 
located within township; that is, it applies to those in N and W sides as well as to other sections of 
township., A modification of this method is required in W and N sides of a township; in case of 
eeetions lying in W range the meridional line from the quarter corner on N or S boundary of section 
is run paralld to E line of section; similarly, in case of sections lying in N tier, the latitudinal interior 
line initiated at the quarter comer on E or W boundary is run parallel to S line of section. The 
reasons for this procedure in these special cases are apparent from consideration of methods previ¬ 
ously described for establishment of original quarter-section corners in such sections. For subdivi¬ 
sions smaller than quarter-sections the same general methods are employed. Normally, no modifi¬ 
cation of this method is required, except that in a fractional section, where no opposite correepond- 
ing quarter-section corner has been or can be established, the center line must be run from the proper 
quarter-section earner as nearly in a eardinal direction as due parallelism with the section boundaries 
will permit. 

In current practice, beginning in 1908, all regular oornere are marked with an iron post having 
a bronse cap. an4 filled with concrete; older Corners are marked by various kinds of monument, 
depending upon diaraeter and importance of the corner to be perpetuated, the soil, and materiala 
available. Stone or wooden posts are common. Where theae materials are not available, a mound 
of earth may be raised over the corner, a small marked stone, a charred stake, or a quart of charcoal, 
being deposited beneath it. Occasionally, in timber lands, the corner falls on a spot occupied by 
a tree, which may stand as the moniunent. 

Stones or posts are marked with horia notehee, to indicate their respective positions in the 
township. Section corners on range lines, including under this term principal and guide meridians, 
are marked with notches on their north and south faces, the number of notchw being equal to num¬ 
ber of miles to next adjacent township corner north or south. Similarly, section oornere on town¬ 
ship lines, including base-tinea and standard parallels, are notched on their east and west faces. 
Township corners, being located on both range and township lines, are marked with six notehee on 
each of the four sides. Besides being notched, corners on correction lines are marked SC on their 
northern 'or CC on their aouthern faces, depending upon whether they are standard or cloeing 
cornere. Section corners in interior of a township are given notehee on their east and south fame, - 
corresponding to number of miles to esst and south boundaries of township. Thus, the corner 
common to sections 20, 21, 28, and 20 would have two notches on south and four on eut face, as 
indicated in Fig 21. Quarter-MCtion oornere are marked with the fraction ” i/ 4 ," titioee on 
meridional lines on their west and those on latitudinal lines on their north faces. Wberover poasiUe, , 
a monument set at a corner is witnessed by several nearby objects which may easily be found, are 
not readily moved or obliterated, and are oomparatively permanent. In timbered country the 
stone or poet is usually witnessed by " bearing trees,” situat^ near the comer. 

Field notes. Duplicate copies of ell field notes and plats of public land surveys are on ^ in the 
General Land Office. The notes contain complete deeoriptions of aU corner monuments, and giye Ut 
narrative form complete deta of alinement ahd topographic featiues craseed da near the Sms. 
Original notes and plats of these eurveys in the following states have been trenoferred to the state 
authorities, frota whom may be obtained copies on request. . 

Alabama, Secretary of State, Montgomery; Arkansas, Commissioitar of State Lands, Littie 
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Rook; Floridkt Commiasio&cr of AsrionHurot TollBhawm; IlUnoiSt Auditor of 8totB» Sittiacfiold; 
IndUua, Auditor of Mtato. Indionupoiia; Iowa, Secretary of State, Dee Moines; Kanaua, Auditor 
of State and Register of State Lands, Topeka; Louisiana, Register of State Lands, Baton Rouge; 
Miehigan, Director, Dept of Conservation, Lansing; Minnesota, Secretary of State, St. Paul; 
Mississippi, Cottimissioner of State Lands, Jackson; Missouri, Secretary of State, Jefferson City; 
Nebraska, Commissioner of Public Lands and Buildings, Lincoln; North Dakota, State Engineer, 
Bismarck; Ohio, Auditor of State, Columbus; Oklahoma, Commissioner of General {.and Office, 
Wash, D Q; South Dakota, Commissioner of School and Public Lands, Pierre'^ tV'isoonsin, Com¬ 
missioners of Public Lands, Madison. 

In many of ^e states, oopiee of the field notes and plats have been secured for the various coun¬ 
ties, and are kept for reference and inspection in office of County Register of Deeds, County Sur¬ 
veyor, or other official. 

Phqto-lithographic copies of township plats and field notee of surveys of area covered by public 
land surveys in above states may also be obtained from General Land Office, Washington, at 
nominal prices. In other public-land states, copies of records can be procured on application to 
SurvSycv General at State Capitol, except in California and Oregon, whose Surveyors General 
are at San Frandeeo and Portland respectively. 

Survesrs are continuing in the other public-land statee, where the records may be examined in 
the U S public survey offices, as follows: Arisona, Phoenix; Californin, Glendale; Colorado, Super¬ 
visor of Surveys, Denver; Idaho, Boise; Montana, Helena; Nevada. Reno; New Mexico, Santa F6; 
Oregon, Portland; Utah, Salt Lake City; Washington, Olympia; Wyoming, Cheyenne; Territory 
of Alaska, Juneau. 

Relocating lost comers. An act of Congress specifically provides that comers actually located 
in the field shall be established as proper oprners of sections or quarter-eections which they ware 
intended to deeignate, irrespective of whether or not they were properly located in the first place. 
A further provision is that " the boundary lines actually run and marked ’’ (In the field) " shall be 
eetablisbed as the proper boundary lines of the sections, or subdivisions for which they were intended, 
and the length of such lines as returned by . . . the surveyors aforesaid shall be held and con¬ 
sidered M the true length thereof.” The principles upon which present practice in lelooating 
corners of original surveys are baaed are given in ” Circular on the Restoration of Lost or Obliterated 
Corners and tiubdivisious of Sections,” published by General Land Office, Washington. 


17. SPECIAL PROBLEMS 

To Btraighton a crooked boundary. The new division lino AB (Fig 24) is to be a 
straight line, so laid out as to make no change in areas of lots P and Q. First run trial line 
AC. Measure necessary offsets to the crooked line and com¬ 
pute areas X, Y, and Z lying between A C and the crooked 
boundary (Art 12). The condition desired is that X Z 
Y. As difference between X Z and Y is the amount which 

the trial line has taken from one parcel and given to the other, 
the whole difference must be returned to proper lot. 

For example, suppose Lot P originally contained 20 000 
and Q, 30 000, and it is found that area X ■■ 500, Y « 800, 
and Z •* 600. The trial line has, therefore, made lot P 
- 20 000 ■+• 500 - 800 4- 600 = 20 300, and lot Q - 30 000 - 500 + 800 - 600 - 
29 700. Lot P has been made 300 too large ,and lot Q 300 too small, which is equal to 
X ^ Y — Z. This 300 must be taken from lot P and returned to lot Q by running line 
AB in such maanei; that the area of triangle ACB = 300. Multiply area of triangle ACB 
by 2 and divide product by AC. This gives perpendicular bB, from which, together with 
a n gin at (7, compute BC and set point B. Compute AB and its bearing. 

Supplying closing side of a traverse. If the latitudes and departures of the several 
courses of a traverse which does not close be computed, the algebraic sum of latitudes gives 
latitude of closing side, and the algebraic sum of departures gives departure of closing side 
(Art 12). The tangent of its bearing is its departure divided by its latitude; length of 
alnarwe side is the latitude divided by cos of bearing, or departure divided by stn of bearmg. 

To cut off a given area by a straight line MX from a given point M on one of the sides 
of a 6f» H Hot the field and known point; draw a trial line ML from this point to a 
corner on other mde of field, so as to lay off approximately the required area. The pur¬ 
pose of the plot is simply to determine to which comer to draw this trial line. As lengths 
and bearings of all lines except ML are known, its length and bearing can be computed 
as above, and the area of portion cut off by ML oomput^. The difference between 
this area a nd required area is a triangle MLX, of which trial line ML is the base; the 
altitude Xa can be computed by dividing twice the area by ML. The distanra along 
sida LX can then be computed, since it is tl» hypotenuse of right triangle LaX. The 
length and bearing of required closing ride MX, which is hypotenuse of ri|^t triangle 
UoX, can now be computed, and the total intercepted area ealcolated, aa aehesk. 
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Fig 24. To Straigliten a 
Crooked Boundary 
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To flad tret cut off by a line in given direction from given pdat Let the eutniff line 
be AM, Tint problem may be solved by drawing a line from A in the traverse to comer 
E, which lies nearest other extremity M of cut-off Une. The area of portion of traverse 
cut off by AE is then computed (Art 12) and to this area is added, or from it is subtracted, 
the area of triangle AEM. 

Setting batter-boards for a foundation. For a brick or stone foundation the lines to 
be defined are the outride lines of building, and the elevation desired is usually .the to^ of 
first floor. For a wooden building, the line usually given is outride line of brick or stone 
underpinning, and the elevation given is top of this underpinning, on which sill of structure 
is to rest. Sometimes the outside line of sill is desired, instead of outside line of underpin¬ 
ning; there should be a definite unaerstanding in regard 
to these points before work of staking out is begun! 

First stake out accurately the location of building by 
temporary stakes ''t all corners, as in Fig 25, at A, S, C, D, 
E, F, 6, and H. tiet stakes at J and K idso, so thatentire 
work can be checked by measuring diagonals AK and BJ, 
AC and BH. There checks should always be applied where 
possible. The posts for batter-boards are next driven into 
the ground 3 or 4 ft outride line of cellar, so that they will 
not be disturbed when cellar walls are being constructed. 
On the posts, which are usually 2 by 4 in, l-in boards ate 
nailed. The boards are so set by surveyor that their upper 
edges are level with top of underpinning, or with whatever 
other part of building of which the grades are required. 
After batter-boards are all in place, they should be checked 
roughly by sighting across them; all should appear at same 
level. Sometimes, however, on account of slope of ground, 
some of them have to be set a definite number of feet above 

i h Wr p grade. 

Fig 25. Retting Batter-boards The lines are then marked by nails driven in upper 
for a Foundation edges of batter-boards. The transit is set up on one of cor- 

* ner stakes of house, at B for example, and a right is taken 

on K. This line is then marked on the farther batter-board (at g) and on the one near 
transit (at c). A sight is next taken along BA, this line is produced both ways, and nails 
are set on batter-boards at I and d. All lines are rimilarly marked on the batters. 

Staking out lines and grades for streets, sewers, and drains. Street lines are usually marked 
by monuments, but best practice requires that accurate offsets to the underpinning of buildings 
along the line shall be measured and recorded, so that if monuments be disturbed, by building 
operations or road building, they can be exactly replaced. These monuments are usually stone 
bounds 3 or 4 ft long and 4 to 8 in square on top. The stone should be long enough to reach below 
frost. A drill-hole near center of top marks the point; this drill-hole may be filled with lead and 
a small copper tack driven into it, oi a copper plug may be inserted and exact point marked with a 
oenter-punoh. 

To set a atone bound to take place of a stake marking a corner, first drive four temporary stakes 
in such msnner that cords stretched between tacks in opposite stakes will intersect over the taek 
in corner stake. Then remove corner stake and dig the hole for the monument, going no deeper 
than is necessary to set it on firm earth. Then set monument plumb in hole, and fill around it with 
care, so that mark in top coincides with intersection of strings. Where a very substantial bound is 
required, or where ground is too soft to furnish a secure foundation, a concrete footing may be put 
in and concrete filled around monument to within 1 ft of surface. 

Grade stakes for sewers or drains are usually set parallel to line stakes and 3 to 6 ft 
to one ride of them, their tops being a full numl^r of feet above flow line of pipe. Some 
enginrars prefer to drive a grade stake to a good bearing and then mark on side of it a 
line which shall be a full number of feet above flow line. When ground Is hard, it is good 
practice to drive heavy spikes flush with ground and to take the elevation of their topi 
Record is made of amount by which the several spikes are above or below grade. 

A target rod is especially useful, although a self-reading rod is satisfactory, for ‘'shoot¬ 
ing in a grade,” which is done as follows: If grade from sta 0 to 5 be strught and if stakes 
have been Sft at 0 and 5, the instrument is set up just to one side of sta 0, the rod is held 
on that iprade stake, and target clamped at height of telescope; the rod is then held on 
stake At sta 5. the telescope is inclined to right target and clamped. The line, of rigdit 
ie now parallel to grade line, and any intermediate stake may be set by driving it untfl 
target is bisected by horisontal hair of telescope when rod is held on stake. 

After grade stakes are set, batter-boards are placed to span the trench, the upper edge 
of every board being a full number of feet above flow line of pipe; they are eo aet by 
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' levelmg from grade stakes by a carpenter's level. The center line is marked on batter- 
boards by measuring over from line stakes, which have been set on, say, a 4-ft offset 
line. In absence of engineer, all this work can be done by foreman. It Is well, therefore, 
to set grade stakes and offset-line stakes even though engineer be nearby, for the fore¬ 
man will then be able to check lines and grades at any time. 

To lay off any angle with a tape only, first lay off a perpendicular, say 100 ft from 
vertex ii.of angle, by the 3-4-5 method, using any of following combinations of dimen¬ 
sions for the two legs and hypotenuse of right triangle CAB: (3-4-S), (0-8-10), 
(9-12-15), (12-10-20), (15-20-26), (18-24-30), (21-28-35), etc. On the perpendicular, 
measure distance BC equal to 100 times natural tangent of angle; angle CAB is the 
required angle. 


LEVELING AND CONTOURS 

18. PROFILE LEVELING 

Profile leveling consists in determining dev of ground at enough points on a line so 
that its profile can be plotted and computations made from it. The line is first marked 
off in 100-ft stations, or at shorter intervals if desired. The level is set up and a reading, 
called a backsight (B S or -|- S), is taken on a leveling rod held on a bench-mark (B M), 
which is a point of which the elev above mean sea level or any other assumed datum 
plane has b^n accurately determined. The B S is added to elev of B M, giving height 
of instrument (H I), or elev of line of sight above datum plane. Rod-readings, called 
foresights (F S or — S), are then read on as many station points on line as can conveniently 
be seen from instrument, and elevations of these points are found by subtracting F S 
readings from H I. Rod-readings are taken at all distinct changes in slope which occur 
on the line, whether at full-station points or not; such intermediate points are located 
by tape (sometimes by pacing) and recorded as plus stations, as shown below. 

Example of Profile Field Notes 


Profile of proposed drain line from Shaft A to 
Pine Brook. 


Aug. 18, 1913 




Haddock, level. 
Kelley, rod. 
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When necessary to move level to a new position along line, a turhino roiht (T P) is 
selected and its elevation determined, to be used at the next set-up of level for computing 
its new H I. When new H I is found, by a backsight, F S read^gs are taken at points 
ahead on the line, after which the elevation of a new T P is establiidied, and so on. The 
turning point may be a regular station, or any other solid point. 

Usually B M's are establidied before profile levels are run, in which ease readings 
should be taken on those ^ M|s which are passed during profile leveling, and all such 
B M's should if posmble be used as T P's. If B M's have been previously, established, the 
closing cheok^ made on the B M nearest end of line of profile levels, as indicated in above 
notes. Sometimes the line of levels is made to fo*m a closed circuit by returning to original 
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B M. By comparing ita fiiuJ elevation with tlwt used at beginning of tiie work, Idte error 
of closure is ascertained ae a check on the T P readings, although a mistake may still occur 
in an individual reading at a station point. 

Bench-marks should be chosen with regard to permanence, and should be points 
readily destn-ibed and found. The rod readings on B M’s and T P’s riiouid usually be 
taken to one more decimal place than those read for profile. To eliminate errors of 
adjustment, the distances between level and rod, when held on a T P or B M, should be 
about equal for backright and foresight. The proper length of right will depend upoi) 
distance at which rod can be read distinctly, and upon the precision required. Generally, 
rights should not exceed 300 ft where elevations are required to nearest 0.01 ft, and even 
at a much shorter distsunce “boiling" of the air may prevent such precision. 

Criculation of level notes may be checked by computing the sum of the backsights and 
of foresights on the first and last bench-mark and on intermediate turning points; the 
difference of those sums should check the difference in elevation between first and final 
bench-marks. It is well to apply this check at bottom of every page of level notes. If 
station points have been marked in advance of the level party, two experienced men can 
run a line of profile levels over country smooth enough to permit a set-up every 600 ft, at 
rate of about 1 mile per hr, or say 10 set-ups per hr. 

Double redded lines are frequently adopted when it is impracticable to complete a 
circuit, or for a profile through new country, where no B M’s have been established. 
Instead of foresighting on a single T P, readings are taken on two different T P’s, near 
together and varying in elevation by at least 1 ft. From next set-up, a backsight is taken 
on each T P and two H I’s are computed, which should agree within whatever limit of 
error is allowable for class of work in hand. This is an excellent method; it requires 
little more time than to run a line of levels by the ordinary method described above, and 
gives a valuable check at every new set-up, by detecting mistakes as soon as made. 

Precise levels for establishing B M’s are sometimes run by a precise level (Art 6), or 
by taking the following special precautions with ordinary level. The observations are 
made in such manner as to eliminate the recognized common errors in leveling, which 
are; (a) settling of level on soft ground; (fi) unequal expansion and contraction of parts 
of instrument, due to changes of temperature; (c) variable refraction of air near ground; 
(d) unequal length of backsight and foresight; (e) selecting unstable turning points; 
(/) rod not held plumb; (g) bubble not in center of tube at instant of reading. 

Errors due to settling of tripod are eliminated by making two readings on backsight 
and two on foresight at each set-up, in following manner; first, B S is read, then F S; 
F S is then read again, and lastly B S once more; two rodmen are employed. Correct 
elevation of T P is obtained from average B S and F S readings. Errors due to changes 
of temp may be partly prevented by shortening time between reading of B S and F S; 
in all cases, the instrument should be shielded from sun’s rays, and from wind, by an 
umbrella or special shield. Rapidity is of great advantage in eliminating errors due to 
settling of tripod. Errors due to refraction of air may be partly avoided by using long- 
legged tripods, setting the level high above ground, and by making observations in the 
middle of the day, rather than in early morning or late afternoon. Backsights and 
foresights are kept nearly equal in length by reading these distances with the stadia 
hairs; notes should be so kept that they will show at a glance whether the sums of F S 
and B S distances are equal or not. A foot-plate or wooden pin may be driven into the 
ground to use for a T P, when a satisfactory point can not be found at proper distance from 
instrument. To aid in holding rod plumb various types of spirit-level are used. 

In work of precise character, allowance must be made for curvature of the earth and 
refraction of atmosphere. Those corrections are usually combined^ and amount to the 
following: for sights of 300 ft, combined correction is 0.002 ft; for 500 ft, 0.005 ft; for 
1 000 ft, 0.020 ft. The correction is applied by subtracting it from any single rod-reading, 
but if r^ be held equally distant from instrument on F S and B S. the effect of curva¬ 
ture and refraction is compensated. 

Allow able errors i n precise leveling of various sur veys are as f ollowa; U S Coast Survey, 
4““ X V kilometers; U S Lake Survey, 10“® X Vkilo meters; Mississippi River Survey, 
5®“ X Vkilometers; U S Geological Survey, 0.017** X V'miles. Results actually reached 
fall well within these limits. A high grade of leveling has been done on the Barge Canal 
Survey of New York with a n ordin ary Y-level of good construction; allowable error of 
closure was only 0.02** X Vmiles. An accuracy almost equal to that attained by a 
precise leveling instrument can be reached with ordinary Y-Ievel or the dumpy level, but 
not so eoonomi^lly. 
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19. CROSS-SECTION LEVELINO 

Lsreliag for crou-sectioiu is required for determining volume of material, whether 
excavated from a cutting or a borrow-pit, or removed by hydraulic mining, or occurring 
in a mine dump. The entire upper muiace of volume is divided by transit and tape into 
10 > to 100 -ft squares (or rectai^les); elevations to nearest tenth are taken at all corners 
of squarra, and at as many intermediate points as necessary, in case of irregular ground. 
Lines running in one direction are usually lettered, numbers being used for the other system 
of lines. Thus, point F, 8 lies at intersection of line F and line 8 ; and an intermediate point 
(not at a corner) is designated thus (jKf + 6 , 7 + 2), which means that it lies 6 ft front 
line H toward line I and 2 ft from line 7 toward line 8 . By laying out and leveling over 
the same system of cross-section lines, before and after exca\'ation, the differences between 
original and final elevations at comers give lengths of vertical edges of a series of vertical 
truncated rectangular prisms. Toward edges of a borrow-pit, for example, will probably 
occur several triangular and trapezoidal truncated prisms. If A area of horiz section of 
truncated prism, hi,ha,ht,h 4 lengths of vert edges of prism, and V o vol, then: 

For truncated triangular prism, F » 4 X (Ai + ^2 + Aj) + 3. 

For truncated rectangular prism, V .4 X (Ai + Aj -f h* -J- ftO + 4. 

When additional elevations are taken at intermediate points, a rectangular prism 
should be divided into triangular prisms; the additional measured height forms the 
vertical edge at one comer of each triangular prism. Where several rectangular prisms 
occur, having same area of cross-section, A, the computation of volume may be simplified 
thus: Voliune of assembly of truncated rectangular prisms ■= A(pi + 2 p% + 3 ps -j- i p*) 

4, in which pi » sum of heights common to one prism, pa sum of heights common 
to two prisms, pt ^ sum of those common to three, P 4 — sum of those common to four. 

If several intermediate elevations have been ascertained, it is well to compute volume from 
original surface down to some plane below final surface. Then make similar computations for 
volume between final surface and the same plane. The difference between these two volumes 
will give required volume. 

Road crogg-sectioiis, as a basis for estimating quantity of earthwork in railroad or 
highway construction, are taken by a method entirely different from the above. From 
plan of proposed road its alinement is staked out, a profile is taken along center 
line (Art IS), and is subsequently plotted. On this profile the grade line is drawn, which 
corresponds either to sub-grade or to finished grade of road. Roads are usually first 
finished to sub-grade, which is below the completed surface by an amount equal to thickness 
of road covering, as pavement of a highway, or ballast of a railroad. The width of base of 
road and inclination of side slopes are known. For ordinary earth the slope is usually 
1.5 ft horiz to 1 ft vert, called "a slope of 1.5 to 1.” 

For construction work the engineer sets grade stakes at every full station, or oftener, 
on center line, and slope stakes at both sides, where finished slope will intersect surface of 
ground. All three stakes are marked, stating amount of “cut” or “fill” to be made at 
center point, nr, in case of slope stakes, stating the vertical distance from base of the road 
to surface of ground at these points. Cross-sections are taken not only at every full 
station, but at every distinct change in slope along center line, and also where surface on 
either side of center line demands an intermediate section properly to represent the volume 
included between cross-sections. Cross-sections are taken perpendicular to center line 
of road, and radially on curves. 

• 

To find the cut or fill at the center, set up the level and find the HI to nearest 0.01 ft, by sighting 
on nearest station or bench-mark of wiiioh the elev is known. From the profile obtain grade elev 
at given etation. The H 1 minus grade elev gives bod-bbadino fob obade, which is computed to 
nearest 0.1 ft. Take a rod-reading on ground at center stake; the difference between rod-reading 
for grade and surface rod-reading gives cut or fill at that point. It is customary to record cute 
as -f and fiUs' —. The surface elev is obtained by adding the cut to grade elev, or by subtracting, 
in ease of fill. A grade stake on center line is marked with cut or fill, thus: “C 3.2” or “F S.7." 

Slope etakee are aet at the points where side slopee meet surface. These stakes are also marked 
with the distance the ground lies above or below base of section; it ia called the out or fill at the tide 
■lope, but, strictly epeaUng, there is no out or fill at slope stakee. The position of a slope etake is 
found by trial as follows; In the case of a cut, eetimate from the center cut just determined, and 
from slope of surface, what the probable eide cut will be. The distance from center stake to a point 
on aide sloiie having this cut ^uals (Vs base -f- out X slope). Make this computation roughly, 
measure out this distance from center stake, and take a rod-reading at that point. The rod-reading 
for grade (distance from H I to base of section) minus thie surface rod-reading ghree out at trial 
point. Compute the exact distance out from center stake to a point ou eide elope having this out. 
If thia computed diatance equids measured distance from center to rod, the trial point was correct* 
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if not, A second triol mxut be mode by holding rod on another point and repeating operation;- the 
difference between meseured and calculated distance aids in judging where to hcdd the rod for 
second trial. When correct point is found, at which the naeasured distance equals calculated dis¬ 
tance, the stake is marked “ C,” followed by the vert distance this point lies above the base. The 
depth of cut, and distance f{om center to slope stakes, are entered in notes. The same process is 
repeated for slope stake on other side of center. Rod-readings are taken at intamediate points 
on the cross-section, if needed to define shape of surface; their positions are located by measuring 
distances from center stake, while the cute at these points are the differences between rod-reading 
for grade and surface rod-readings. The field notes of a section of embankment having 30-ft base 
and slopes 1.5 to 1, which required 4 readings to represent its slope properly, would be 


entered thus: 


iLl iLI -3 2 iM. 
-4.2 -6 1 -1.4 


The area of each cross-seciion may be computed by dividing it into trianglee, or croes-eections 
may be plotted and their areas determined by planimeter (Art 0). By the end area method the 
volume between sections Ai and At — I /2 (Ax -f Ag) X distance between sections. 


Cross-sectioas for dams, canals, and other engineering structures are begun by making 
short profiles at right angles to line of structure, at intervals of 10 to 100 ft, depending 
upon conditions, and extending far enough on either side to include the possible location of 
structure. These cross-section lines, representing the surface, are plotted for each station, 
and on them are also plotted the cross-sections of proposed completed structure at the 
respective stations. This gives a complete record of conditions before work is started, and 
as it progresses a continuous graphic record of work may be kept from month to month 
by use of different colored lines on the various cross-sections. 

Masonry volumes are computed either by methods of solid geometry or by the Pris- 
moidal Formula: Vol "L-t-fifAiH-dAf-f- At), in which L is the length of the solid, Ai 
is cross sec area at one end normal to lengtli, At is cross sec area of other end, and M is 
cross sec area midway between the two ends, w'bich is seldom the aver of the end aioas. 


20. BAROMETRIC LEVELING 

The barometer is based upon the principle that atmos pressure is a ftmetion of elev 
above sea level, a change of 1 in in mercury column corresponding to a change of about 900 
ft in elev. Atmos pressure varies also with changes in temp and humidity, whence it is 
necessary, while measuring differences of altitude with a barometer, to determine these 
variations and make proper allowance for them. Both mercurial and aneroid barometers 
are used in surveying, but the latter, due to its compactness, is generally employed. 

Barometric leveling is used for reconnoissance, or for determining contours for a 
small-scale map. With an aneroid, results as close as 10 ft may be obtained, but not 
without repeating observations and using instriunent with great care. The error in eleva¬ 
tions determined by barometer is approx constant, whence the percentage error is smaller 
for large differences in elevation than for small differences. The barometer does not give 
actual elevations, but the difference between two readings will be a function of difference 
in elev of the two points, provided atmoepheric conditions have not so changed as to 
affect readings. 

The aneroid barometer has two scales, the iimcr one corresponding to inches of mercury 
and the outer one to feet of altitude, the zero of the altitude scale being, in most instru¬ 
ments, at 31 in on mercury scale. The outer scale should not be movable with respect to 
inner scale, for the number of feet of altitude corresponding to 1 in of mercury varies in 
different parts of scale. Aneroids marked " compensated ’* are supiKised to be so adjusted 
that changes in temp of the instrument will not affect readings. The instrument should be 
handled carefully, to avoid disturbing its delicate mechanism. When it is to be read, 
tap the case lightly to make sure that the instrument has adjusted itself to the changed 
pressure; it should then stand a few minutes to allow it to come to the true reading. It 
should not be heated by the sun nor by the body. It may be held in either vertical or 
horizontal position when being read, but aa the readings in these two positions are different 
it sboidd be held in same position at all stations. As accurate results may be obtained 
from small as from large aneroids. 

The best method of determining elevations by barometer is to use two instruments, 
one being kept at a fixed station of known elev and read at regular intervals to indicate 
changes in atmos pressure, while the other is carried to the various points of which deva- 
tions are to bo determined. The differences in elevation shown by the traveling barometer, 
corrected for differences indicated by fixed barometer, will be the true differences in ^ev. 
The time should be noted whenever Uie field barometer is read, in order to apply proper 
correction as indicated by the fixed barometer- Air temp should always be not^ whenever 
barometer is read. If only one barometer be available; it shotdd be read at initial station 
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aad again at same station after completing the other observations, attnos changes during 
the interval being interppla^ from difference between first and last readings. 


For Determining D^erence in Mevation by Barometer 


Barom 

Inches 

Feet 

Barom 

Indies 

Feet 

Borum 

Inches 

Feet 

Barom 

Incl'.os 

Feet 

Barom 

Inches 

Feet 

16.00 

12 280 

20.00 

18 no 

22.75 

21 466 

25.50 

24 457 

28.25 

27 133 

16.10 

12 442 

20.05 

18 175 

22.80 

21 533 

25 55 

24 578 

28.30 

27 179 

16.20 

12 604 

20.10 

18 240 

22.85 

21 590 

25.60 

24 559 

28.35 

27 225 

16.30 

■1111 

20.15 

18 305 

22.90 

21 647 

25 65 

24 610 

28.40 

27 271 

16.40 

m’. 

20.20 

18 370 

22.95 

21 704 

25.70 

24 661’ 

28.45 

27 317 

16.50 

I : nl 

20.25 

18 434 

23.00 

21 761 

25.75 

24 712 

28 50 

27 362 

16.60 

■ ^ 11 

20.30 

18 499 

23.05 

21 618 

25.80 

24 762 . 

28 55 

27 409 

16.70 

13 398 

20.35 

18 563 

23.10 

21 874 

25.85 

24 813 

28.60 

27 454 

16.80 

13 554 

20.40 

18 627 

23.15 

21 931 

25 90 

24 864 

28.65 

27 500 

16.90 

13 709 

20.45 

18 691 

23.20 

21 987 

25 95 

24914 

28 70 

27 545 

17.00 

13 864 

' 20.50 

18 755 

23.25 

22 044 

26 00 

24 964 

28 75 

27 591 

17.10 

14017 

20.55 

18 818 

23.30 

22 100 

26.05 

25 014 

28 80 

27 637 

17 20 

14 169 

20.60 

18 882 

23.35 

22 156 

26 10 

25 065 

28.85 

27 682 

17.30 

14 321 

20.65 

18 945 

23 40 

22 212 

26.15 

25 115 

28.90 

27 727 

17.40 

14 471 

20,70 

19 008 

23.45 

22 267 

26.70 

25 164 

28,95 

27 772 

17.50 

14 621 

20.75 

19 071 

23 50 

22 323 

26.25 

25 214 

29 00 

27 817 

17.60 

14 770 

20.80 

19 134 

23.55 

22 378 

26.30 

25 264 

29 05 

27 862 

17.70 

14918 

20.85 

19 197 

23.60 

22 434 

26.35 

25 314 

29.10 

27 907 

17.80 

15 065 

20.90 

19 260 

23 65 

22 489 

26 40 

25 363 

29.15 

27 952 

17.90 

15 211 

20.95 

19 322 

23.70 

22 544 

26.45 

25 412 

29.20 

27 997 

18.00 

15 357 

21 00 

19 384 

23 75 

22 599 

26 50 

25 462 

29 25 

28 041 

18.10 

15 502 

21.05 

19 446 

23 60 

22 654 i 

26.55 

25 51 1 

29.30 

28 086 

18.20 

15 646 

21.10 

19 508 

23.85 

22 709 

26.60 

25 560 

29 35 

28 131 

18.30 

15 789 

21.15 

19 570 

23.90 

22 764 

26.65 

25 609 

29.40 

28 175 

18.40 

15931 

21.20 

19 632 

23.95 

22818 

26,70 

25 658 

29.45 

28 220 

18.50 

16 073 

21.25 

19 694 

24.00 

22 873 

26 75 

25 707 

29 50 

28 264 

18.55 

16 143 

21.30 

1 19 755 

24.05 

22 927 

26.80 

25 755 

29.55 

28 308 

18.60 

16214 

21.35 

19 816 

24.10 

22 982 

26 85 

25 805 

29.60 

28 352 

18.65 

16 284 

21.40 

19 877 

24.15 

23 036 

26 90 

25 853 

29.65 

28 396 

18 70 

I 16 354 

21.45 

19 938 

24 20 

23 090 

26 95 

25 902 

29.70 

28 440 

18.75 

16 423 

21.50 

19 999 

[ 24.25 

23 144 

27 00 

25 950 

29.75 

28 484 

18.80 

16 493 

21.55 

Wf- (M 

24.30 

23 198 

27.05 

25 999 

29.80 

28 528 

18.85 

16 562 

21.60 

mf- il 

24 35 

23 251 

27 10 

26 047 

29 85 

28 572 

18.90 

16 632 

21.65 

20 181 

24.40 

23 305 

27.15 

26 095 

29,90 

28 616 

18.95 

16 701 

21.70 

20 241 

24.45 

23 358 

27,20 

26 143 

29.95 

28 659 

19.00 

16 769 

21.75 

20 301 

24.50 

23 412 

27,25 

26 191 

30 00 

28 703 

19.05 

16 838 

21.80 

20 361 

24 55 

23 465 

27,30 

26 239 

30.05 

28 746 

19.10 

16 907 

21.85 

20 421 

24.60 

23 518 

27.35 

26 287 

30.10 

28 790 

19.15 

16 975 

2i.90 

20 481 

24.65 

23 571 

27.40 

26 334 

30 15 

28 833 

19.20 

17 043 

21.95 

20 540 

24.70 

23 624 

27 45 , 

26 362 

30,20 

' 28 877 

19.25 

l7 111 

22.00 

20 600 

24.75 

23 677 

27.50 

26 430 

30.25 

28 920 

19.30 

17 179 

22.05 

20 659 

24.80 

23 730 

27.55 

26 477 

30.30 

28 963 

19.35 

17 246 

22.10 

20 718 

24.85 

23 782 

27 60 

26 524 

30.35 

29 006 

19.40 

17 314 

22.15 

20 777 

24.90 

23 835 

27 65 

26 572 

30.40 

29 049 

19.45 

17 381 

22.20 

20 836 

24.95 

23 687 

27 70 

26619 

30.45 

29 092 

19.50 

17 448 

22.25 

20 894 

25.00 

23 940 

27 75 

26 666 

30,50 

29 135 

19.55 

17 516 

22.30 

20 954 

25.05 

23 992 

27,80 

26 713 

30.55 

29 178 

19.60 

17 582 

i2.35 

21 012 

25.10 

24 044 

27.85* 

26 760 

30.60 

29 220 

19.65 

17 648 

22.40 

21 071 

25.15 

24 096 

27 90 

26 807 

30.65 

29 263 

19.70 

17 715 

22 45 

21 129 

25.20 

24 148 

27.95 

26 854 

30.70 

29 306 

19.75 

17 781 

22.50 

21 187 

25.25 

24 199 

28.00 

26 900 

30,75 

29 348 

19.80 

17 847 

22.55 

21 245 

25.30 

24 251 

28.05 

26 947 

30.80 

29 391 

19.85 

17913 

22.60 

21 303 

25.35 

24 303 

28.10 

26 994 

30.85 

29 433 

19 90 

17 979 

22.65 

21 360 

25.40 

24 354 

28, IS 

27 040 

30,90 

29 475 

19.95 

18 044 

22 70 

21 418 

25.45 

24 406 

28.20 

27 086 

30 95 

29 518 


Reprinted by pemussion, from the '‘American Civil Engmeere’ Pocket Book." 


Calculsting the altitude. The Laplace formula for calculating difference in elevation (neglecting 
small corrections) is: 

D - 60 158.6 (log ft — log ff) j 1 + (to' fo — M*) + 000 } . 

where D m difference in elev in feet; ft - height of meicury at lower sUtion in inches; H -« height 
of mercury at upper station in inches; to' aad to, the observed air temp, Fah. The temp c<wrection 
is the only one necessary to apply to the aneroid; it is often large. In ease u mercurial barometer 
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I* uaed, H is bright of mercury ai upper atetioo deduced to temp of mercury at lower etation by the 
equation: 

H - fc' U + 0.00008967 '((m - * 

where tm * temp of mercury at lower ctation and tm' temp of mercury at upper station. Table 
on preceding page, condensed from that of Guyot, is based on the Laplaoe formula; it gives the 
values of log height X 60 168.6. 

Example, tising one aneroid to find difference in elev between Neponset River and Blue Hill: 


Station 

Time 

Inches, barom 

Air temp 


1.00 p m 

1.45 " 

30.595 

53* F 

Blue Hill.... 

29.730 

47 

Jfeponaet River. 

2.25 •• 

30.390 

42 


Time going up 4&min; total time •> 85 min. Difference in readings atlcwer station 0.006. 
Probable reading at Neponset River at 1.45 pm— 30.395 — {45 + 86 X 0.006) — 30.302 in. 

From barometric table 30.395 in — 29 042 ft 

29.730 '• - 98 466 
Difference - 578 ft 

Temp corr « 676 [{I/2 (53 + 42) + 47j - 64] + 900 - + 20 

Difference in elev — 596 ft 

Boiling-point thermometer. Great differences in elev may be determined roughly by means of 
the boiling-point thermometer. Such measurements dhpend upon the fact that the boiling point 
of u’ater diminishes as atmos pressure diminishes and therefore the temp of boiling point is a function 
of the lieight of the instrument. The observation consists in noting temp of boiling water by a 
thermometer placed in a boiler made especially for the purpose. The approx height above sea level 
may then be found by referring to the following table. 


Boiling point 
(Fah) 

Alt in feet 
above sea level 

Boiling point 
(Fah) 

Alt in feet 
above sea level 

190 

II 720 

208 

2 050 

195 

6 950 

209 

1 545 


6 250 

210 

1 020 

202 

5 185 

211 

510 

204 

4 130 


0 

206 

3 085 


-505 


This table is taken from Wilson’s Topegraphie Surveying, 


21. CONTOURS 

A contour line is the intersection of a level surface with surface of the ground. The 
shore line of a lake is a contour, and if lake level were raised 1 ft the new shore line would 
be of different shape and would form a contour line of 1 ft greater elevation. Contours, 
therefore, connecting points of same elevation, can be uaed to represent the slope of 
ground, and provide a means for reading directly from a map the approximate elevation 
of any point. Contours are usually located a full number of feet above the datum and at 
regular intervals, say, every 5, 10, or 50 ft; the number marked on contour is its elevation 
above datum, . 

Characteristics of contours are: (a) All points on any contour have same elevation. 
(5) Every contour closes on itself, either within or beyond limits of map. (c) A contour 
which closes within limits of map encloses either a summit or a depression. In depressions 
will usnally bo found a pond or a lake; but where there is no water the contours are usually 
marked in some way to indicate a depression. •(<£) Contours can never cross one another, 
except where there is an overhanging cliff, in which case there must be two intersections, 
(e) On a uniform slope contours are spaced equally. (/) On a piano surface they are 
straight and parallel, (g) In crossing a valley, contours run up the valley on one side and, 
turning at the stream, run back on other side. Since contours are always at right anides 
to the lines of steepest slope they will gener^ly be at right angles^to the thread of stream 
at p<nnt of crossing. (A) Contours cross ridge lines (divides) at right angles. 

If a line be drawn across a contour map, the profile of that line may be constructed, 
since the elevations of points at which contours are cut by the line are known, and hori- 
sontal distances between these points can be scaled or projected from the map. 
Conversdy, if profUes of a sufficient number of lines are given, it is possible to plot thew 
lines on a map. mark the elevations, «md sketch the contours. 
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In locating contours it should be borne in i^nd that they can be interpolated on umform 
slopes and that the data necessai^ to obtain in the field are therefore elevations of charac¬ 
teristic points on profiles, such as tops of knolls, low places in valleys, profiles of ridgM and 
of streams. Contours are usually farther apart at top and bottom of a natural erod^ slope 
(where no wave action is present) than in middle. “Where contour interval is smaU, and 
much detail is desired, the ground may be cross-sectioned (Art 19) and from elevations 
thus determined contours may be sketched; or contours may be actually traced out and 
located in the field by stadia; in tliis case the rodman moves up or down slope until a level 
rod-reading shows that the foot of his rod is on a contour. The position of rod is then 
located by distance and azimuth (Art 23). 

A band level (Art 5) is often used to determine elevation of ailditional points, taking 
elevations of points on transit line as B M’s, as follows; First measure distance from 
ground to levelman’s eye, which may be, say, 5.2 ft. Then, from a reading of the rod held 
on a point of known elevation the height of levelman’s eye is determined. The levelcr 
then directs rodman uphill or down until rod-reading is such as will correspond to that 
computed for a contour; the point thus found is located by tape or by pacing. If contours 
are being located on a side-hill, the levelman then moves uphill past the located point, on 
which rodman stands, until be reads the contour interval plus 5.2 on the rod; he is now 
standing on a contour, which is then located by taping. The levelman remains on this 
point, while rodman travels uphill until levelman reads on rod 5.2 minus the contour 
interval; rod is now resting on the next higher contour. In going downhill, the rod is held 
on a contour while levelman backs down the hill until he reads 5.2 minus the contour 
interval, when he will be standing on contour next below rodman; the rodman then 
passes levelman and backs down the hill until the rod-reading is 5.2 plus the interval, 
which determines next lower contour. Hand-leveling is not accurate enough to be used 
for more than about 400 ft away from a B M. If several profiles be run along character¬ 
istic lines, to be plotted on map, and then a few necessary side shots be located by hand 
level, contours can be sketched. The best method of locating contours is by stadia or 
plane-table methods (Art 22 to 25). 


TOPOGRAPHIC, AERIAL, MINERAL AND RAILROAD 

SURVEYING 


22. STADIA METHOD 

The stadia method measures distances by observing, through telescope of a surveying 
instrument, the space on a graduated rod intercepted between two horizontal hairs, 
called STADIA hairs, which are spaced equal distances above and below the middle hori¬ 
zontal cross-hair. When rod is held at dilTerent distances from instrument, proportional 
spaces on the rod will be included between the stadia hairs. This is a rapid method of 
measuring distances while filling in details of topographic and hydrographic surveys. It 
has the great advantages that the intervening country does not have to be traveled, that 
inaccessible distances, as across water surfaces, can be measured, that errors of mrasure- 
ment are compensating rather than cumulative, while its accuracy is sufficient for many 
kinds of work, even for determination of area in some cases since an accuracy of one part 
in 500 may be attained with the stadia. Stadia rods are described in Art 1. 

Fundamental principle of the stadia is the geometric theorem that in similar triangtes 
homologous sides are proportional. The common vertex of the triangles, in this case, is not 
the center of the transit, but a point in front of telescope objective, at a distance equal to F, 
the focal length of objective. Hence the distance from center of instrument to rod, when 
the sight is horiz and the rod vert = (F t)» ■+ (F •+■ e), where i is distance between 
upper and lower stadia hairs, « is the intercepted space on the rod. and e the distance from 
center of instrument to objective. Evidently (F c) is practically a constant for any 
given instrument (varied only by focussing the telescope); for ordinary purposes it is 
taken as 1 ft for transits and 2 ft for plane-table alidades. The other function (F -f-1) s 
is a variable, but as it is customary to space stadia hairs so that F ■¥ i = 100, the equation 
for transit instruments reduces to; distance ** 100 a -j- 1. Every 0.01 ft on rod therefore 
corresponds to a distance of 1 ft. 

Inclined sights. It is necessary always to hold rod vertically when readings are 
being taken. When line of sight is inclined, the distance intercepted on a vert rod repre¬ 
sents a distance greater even than the inclined distance to rod, while inclined distance is 
greater also than horiz distance. All inclined readings must therefore be reduced to the 
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horiz, and if difference in dev between inctrument station and red station is dedred the 
vert distance aleo must be computed from the inclined sight. 

By trigonometry, making one slight assumption, it may be shown that in Hg 26a: 
Vertical Dxalanee — + i) s X ^/s «tn 2 a + Bin a. 

Horitontal Diatanee ■> (F + i) s X cos* a + (F + c) cos a. 



For the ordinary conditions (when F -i- i 100, and F + c — 1), and making the approxi> 
mations tiiat ain a » ain 2 a, and that coaa == cos* a, in last terms of above formulas, 
which assumptions are nearly true for small angles, 

Veriical Diatanee ■■ (100 X rod interval + 1) ^/s sin 2 a. 

Horizontal Distance ■> (100 X rod interval + 1) cos* a. 

These are the formulas used for ordinary stadia work. The reduction of field-notes can 
bo best accomplished, however, by use of tables, diagrams, or stadia slide-rules, all of 
which are based upon these formulas. 

23. STADIA FIELDWORK 

Points are located by (a) asimuth, (b) distanre, and (c) angle of elev or depression. If 
elevations are not required, the vert angle is read only to nearest 10 min, since that is close 
enough for determining horia distance; but if elevations are required, vert angles should 
be read to nearest minute, sometimes to half-minute, and vernier index correction noted for 
each important vert angle. Distance and azimuth angle are read with whatever refine¬ 
ment is necessary for work in hand; as a rule, distances are recorded to nearest foot, and 
azimuths to nearest minute, although for side-shots, which are to be plotted by protractor, 
the azimuth to nearest 5 min is close enough. Traverse lines which control the survey are 
measured by tape, or by stadia, as accuracy of survey may demand. Some surveyors 
prefer to run traverse lines by transit and tape; then to take a level over traverse to deter¬ 
mine elev of certain transit stations, boulders, or other bench-marks, thus establidiing 
an accurate skeleton for a stadia survey, which follows over same ground for filling in 
details. For large-scale maps it may be advisable to tape the courses of control survey, 
but for small-scale maps the stodia method is sufficiently accurate. In latter case, dis¬ 
tances should be read on both foresight and backsight. 

Admuths. In starting a survey, if the true azimuth of any course be known, all 
azimuths of survey may refer to the true meridian; but if no meridian has been estab¬ 
lished, as is frequently the ease, the azimuths may be referred to magnetic meridian, or to 
any other arbitrary direction. Azimuth angles are most commonly read from the south 
clockwise for 360°. The horiz vernier is set on 0°, the telescope turned to point toward 
magnetic S, and lower clamp tightened. The upper clamp is next loosened and telescope 
sighted on next station; the horiz arc is then read clockwise to determine azimuth of 
first course, referred to the magnetic meridian through first station. The azimuth to 
any other point is obtained by sighting telescope on it and reading the vernier, the lower 
motion remaining clamped. On moving to the next instrument station, the tdescope is 
oriented by inverting and backsighting, as explained in Art 11. Magnetic bearings of 
courses may be noted as a rough check on azimuths. 

Distances are read by setting one of stadia hairs ou a whole foot^nark, by vertical 
tangent screw, and noting the intercept between the stadia hairs to nearest 0.01 ft. Ciue 
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muflt be taken not to mlotake middle faorieontal croes-hair for a stadia hair; this can be 
avoided by always making a mental estimate of the distance, or by adding oblique hairs 
to the instrument. Occasionally a half^nterval may be read when an object obstructs 
view of the whole interval; it should be recorded as twice the interval read (or, better, 
the sum of the two “ halves ” taken separately). 

Vertical angles are read by lighting middle cross-hair on the point on rod corresponding 
to distance from horiz axis of telescope to station beneath transit. This distance is HEtonr 
OP INSTRUMENT (H I); it is not the same as H I in leveling, which is the elc^’atton of 
telescope above datum. The line of sight is thus made parallel to a line from station to 
station, and vert angle read is the inclination of this line, whence difference in elcv of the 
two stations can bo directly computed. Same vert angle is used in computing horiz 
distance. If it be impossible to sight on HI point of rod, ow’ing to obstacles in line of sight, 
the angle is noted when sighting at any convenient foot-mark on rod, this reading of middle 
hair being recorded in notes, with the vert angle. 

Fieldwork is carried on as follows: When transit has been set up and properly oriented 
for reading azimuth angles, the transitman loosens the upper motion and sights on a rod 
held on point to be located. He first reads the stadia intercept from that part of rod 
nearest the H I point, and records it; then sets middle cross-hair on H I point of rod, 
and the vert hair bisecting rod. He then signals rodman to go to next point, and mean¬ 
while reads the azimuth, vert angle, and index error, if necessary. If elevations are not 
required, he does not set on the H 1, nor read vertical arc unless angle is greater than 3“; 
if it exceeds 3°, it is recorded only to the nearest 10 min, since it is used only for horiz 
corrections. 

Stadia notes are kept on left-hand page in columns headed, from left to right, as 
follows: Station, Distance, Vertical Angle, Difference in Elevation. Elevation. The 
last two columns, as a rule, are computed in the office (Art 24). On the right-hand page 
should be drawn such sketches and details as are required to convey sufficient informa¬ 
tion to enable a draftsman unfamiliar with locality to plot the notes. Transit stations 
are usually designated by letters, and side shots by numbers. These numbers should be 
recorded on sketch within small circles, or in some other manner, so that they will not be 
mistaken for measured distances, which will also appear in sketch. Where purpose of 
survey is to produce a contour map, the accuracy of map depends in large measure upon 
the completeness of description given in notes regarding slope of the ground btdween 
located points. The elev of points on ridges, valleys, knolls, and depressions will be 
determined in the field; but, without a full description of intervening slopes, a correct 
interpolation of contours is often almost impossible. Notes like the following convey 
the required information: “Straight slopes from pt 16 to 17, 17 to 12, 13 to 17.” Supple¬ 
mentary sketches illustrating shape of the ground arc often necessary. The interpretation 
of field-notes, and their expression on map, are the weakest features of topographical 
surveys made by stadia; whence the importance of complete descriptive notes can not be 
overestimated. In open rolling country, where a 5-ft contour interval is required, a party 
of three men should cover about 5 acres per day. 

24. ST^IA COMPUTATIONS 

Reduction of stadia notes includes computation of difference in elevation (vert 
heights) and horiz distances (or horiz correction.'^). Computations are almost always 
made by tables, diagrams, or stadia slide-rule, the latter being the most convenient means 
for reductions both in field and in office. Horiz distances can be quickly computed also by 
use of HORIZ CORRECTIONS, whlch are the distances to be subtracted from inclined readings 
to obtain horiz distances; to the latter must be added the instrument constant {F c), 
provided character of work in hand requires taking account of this 1 or 2 ft. Since the 
rod intercepts are usually read to nearest 0.01 ft, distances are recorded only to nearest 
foot; hence, in most topographic work the constant (F -f- c) may be neglected, and there 
is no need of applying horiz correction for vert angles under 3°. 

The stadia diagram. Fig 26 (by J. K. Finch, C. E., of Columbia University), gives 100 X rod 
interval, on vert lines; vert angles, on inclined lines, diAerences in elev, oi. horiz lines; and horis 
corrections, on curved lines. The diagram is used as follows: Rod interval X 100, as recorded 
in field-notes under Distance, was 427; vert angle 3* 51'; instrument constant (F -f e) - 1 ft. 
Follow up vert line 428 to inclined line 3° HI'; horis line reads 28.7, which is entered in the field- 
notes in the column headed Diff in Elev. It is then applied to the elev of transit station to give 
elev of the point desired; if vert angle is upward (+) it is added to the elev of tranait point and 
if downward it is subtracted. The horis correction is read from the curved line which lies nearest 
the intersection of vert line 428 and inclined line 3* fil’; in this ease it is a correction of 2 ft, to 
be subtracted after the value of (F •¥ c) has been added, as foUov/s; 427 ■4* 1 — 2 * 426 ft. 
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This diagram will b« found of great aseiatanee in applying rot^h cheeka on eomputationa, eap^ 
ntally in the uae of plane table, if it be remembered that on a vertical angle of 34', the vert height ia 
1% of inclined diatance; on a vert angle of 2° 52', it ia and on an angle of 5” 46', it ia 10% of 
inclined diatance. 



Fig 26. Stadia Diagram for Obtaining 


Even without thia diagram, differencea in elov may be computed if the abort table of horiz cor- 
wetiona ia available. After boria diatance has been found, multiply it by tangent of vert angle, to 
et vert diatanee: thia can be conveniently performed on the tangent acale of an ordinary alide-rule. 

When vertical angle ia not read to the H I mark on rod, thia fact muet be taken into account in 
jonputing differencea in elevation, aa folluwa: Suppoae the diatance read waa 135; vert angle, 
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— 8* SO* on 2.6; H I, 4.6. From diagram, diff elev “ — 20.6. to which add 4-2.0. givins --18.6 
The 2 ft ia positive because the vert angle was measured to a point on rod 2 ft lower then H I point, 
which made observed vert angle greater than it would have been if sight bad been taken at H 1 
point on rod. 
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Beaman's stadia arc is an attachment to the vertical arc, giving readings which obviate the use 
of stadia tables, diagrams or slide-rule. It requires more manipulation of the instrument than the 
usual method, but is of advantage particularly when elevations must be computed in the field as 
work progresses. 
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26. THE PLANE TABLE 

The plane table is used for constructing a map directly in the field. The paper is 
fastened to a board, like a drafting board, supported on a tripod, with a device for leveling 
and clamping so that it can be oriented in any desired azimuth. The usual size of table 
top is 24 by 30 in, and the tripod most commonly used is the Johnson, which has an 
ingenious 'ball-and-socket leveling device and clamp. On the m%p an audade is used to 
define directions and measxire distances. It has a telescope equipped with stadia hairs 
and is mounted on a horizontal axis resting in Y supports; these are connected to a metal 
column which rises from center of a flat piece of metal about 18 in long, of which both 
edges are straight and parallel to plane of telescope. On this base are two spirit-levels 
for leveling the table. The telescope has only a vert motion and a vert aix. The entire 
alidade is moved about on top of map after table has been leveled. 

The use of the plane table has generally been limited to topographical maps drawn 
on a small scale, but its legitimate field is much broader than that. A system of triangu¬ 
lation (Art 26) or a transit and tape traverse may first be carefully surveyed and plotted 
on map; levels also may be run to determine elevation of triangulation or traverse points, 
which will then be used as a control for plrae-table survey. In this case the plane table 
is used only to fill in details, and accurate* maps on a sede as small as 40 ft to the inch 
can be rapidly made. The most important advantage of the plane-table over other 
topographic methods is that all the sketching is done in the field, where topographer can 
sec form of ground that he is mapping. He can sketch details at once in their proper 
position, without burdening his memory and without making elaborate notes. For this 
reason details may be accurately sketched from a much smaller number of located points 
than would be required, for instance, by transit and stadia method. 

If not practicable to run out a system of triangulation, or a transit and tape traverse, 
the plane table can be used for making such a survey graphically, as explained below. 
In all cases, however, the accuracy of those points located by plane table is limited by 
precision of the plotting rather than of the measurements. In the field the map must be 
protected from distortion by moisture, so as to preserve accuracy of plot. Celluloid 
sheets are obtainable, which can be used even in rainy weather. 

The plane-table method usually, though not always, requires more time for fie'dwork 
than transit and stadia methods; it .is also more dependent upon favorable weather. 
But taking into account both the field and the office work, the plane table has proved 
more economical than the transit and stadia for work in open country, and the results, 
as a whole, are more reliable. In open rolling country, a contour interval of 5 ft being 
required, a party of 3 men should survey about 8 acres per day. 

Locating points by intersection. To begin a plane-table survey it will generally be necessary to 
have on the map two plotted points corresponding to two points on the ground, distance between 
which is known, and of which one, at least, can be occupied with the table. A simple method of 
locating points, without measuring any distance, is os follows: The base-line ob is plotted on plane- 
table sheet, representing the measured base AB to the adopted scale. The table is first leveled and 
so set that a on the map is vertically above A on the ground (a special plumbing apphance is used 
for this adjustment). One edge of alidade is placed along base-line ab drawn on map, the table is 
turned in azimuth until telescope sights signal B, and horis motion is clamped. Line ab is now 
parallel to AB and the table is said to be oriented The alidade is now placed with its straight¬ 
edge passing through a, the telescope is sighted to some signal C, and an indefinite line is drawn 
toward C; the point e on map is somewhere on this line. Now moving table to B (setting b verti¬ 
cally over B) and repeating the process of orienting the table and sighting toward C, point e is 
located at intersection of lines ac and be. In similar manner any number of points may be located. 

Locating points by direction and distance. The commonest way to locate points by plane talAe 
is to obtain direction with alidade and measure distance by stadia, which is then laid off to scale 
along the straight-edge. If a control traverse has been run, the table can be set up over any of 
the plotted points and oriented as explained above. 

Locating points by resection. It is sometimes desired to locate a plane-table station from a 
jbsse of which only one end can be occupied by the table. A and B are the points on ground at 
ends of b.tse-line; C is the point to be located; and ab is base-line plotted on plane-table sheet. 
8 et up at A, the accessible end of the base, and orient table by sighting B with alidade pointing 
along ab. Then, centering alidade on a, draw an indefinite line toward C, for full length of the 
alidade. The table is then taken to C and oriented by the indefinite line just drawn, ^nce position 
of c on the indefinite line is not known, its position on map must be estimated for setting table over 
point C, The alidade is now sighted towaid B, with the ^ge of ite base on b and a resection line is 
drawn, which cuts the first indefinite line, thus locating point e desired. If point e thus found is 
pot over point C on ground, reset over C and repeat process. The position of c found by this method 
should be checked, if possible, by resection lines from other points of which the positions are known 
to be correct. 
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26. TRIANGULATION AND TRIGONOMETRIC LEVELING 

Trianguiatioii consists in locating certain points by observation of anises, starting 
from a 1;Mi8e<line which has been accurately measured; the method is often used as a 
control for a topographic or hydrographic survey. A trianguiation system comprises a 
seriM of triangles, the corners of which are the observing stations or points which it is 
desired to locate. In this system of triangles, the length of one side of some triangle must 
be measured; then if all the angles in each triangle be obseived, lengths of all 6ther lines 
in the system may be calculated by trigonometry. Three types of trianguiation system 
may be recognized: First, a series of approximately equilateral triangles; second, a aeries 
of central polygons, for example, a row of hexagons each having an interior station; third, 
a series of quadrilaterals with both diagonals drawn. The first system is the cheapest when 
it is desired to extend survey along a narrow belt, as in surveying a river. It has the 
disadvantage of having but few '* checks,” that is, few geometric conditions v/hich must 
be satisfied by the measurements. The second system is adapted to surveying an xrea of 
greater width than the first. The third is the most accurate, because it has the g- eatest 
number of checks. No attempt will here be made to describe the precise work carried on 
by the U B Coast Survey in mapping large areas, the following notes relating only to 
such work as the mapping of a few square miles. 

Fieldwork consists in first making a reconnaissance of the country, selecting suitable 
trianguiation points with due regard to shape of the triangles, which should bo as nearly 
equilateral as possible, choosing a favorable position for the base-line to be measured by 
tape, and ascertaining that the chosen points are visible each from the others. 

Base-line should be located on fairly even ground, for convenience in measurement, 
and its position should be such as to admit of accurate connection with the trianguiation 
system. After clearing line of obstructions, stakes are lined in by transit one tape length 
apart. Grade of each tape length is determined by direct leveling. In measuring each 
length the intermediate supports are lined in vert and horiz, proper tension is applied with 
a spring balance, and temperature is read on two or more thermometers attached to the 
tape. Marks indicating ends of tape length are scratched on metal strips tacked to tops 
of posts. At least 2 measurements of enfiro base should be mode. Invar tape (Art 1) is 
used by 13 S Geodetic Survey for base-line measurements. For description of methods 
of base measurement, see U S Coast and Geod Surv, Pubs 120 and 145. 

Angie measurements. The transit is set up at each end of base-lino and angles are 
carefully measured by repetition (Art II), to the signals erected at those trianguiation 
points which are intended to be connected directly with the base. The transit is then 
taken to the various points of trianguiation system, and the necessary angles are measured 
so that length of each line in the system can be computed, and as many as desired can be 
checked by computation through different triangles. 

Signals over trianguiation points are frequently made of a 4 by 4-in pole supported by a tripod; 
on the pole are tacked black and white cloth bunds of definite width, or The foot of pole is 

supported 7 or S ft above the ground, so that theodolite may be set up beneath signal when measur¬ 
ing angles. Tripod signals may also be made of young saplings, and in the smaller ones the pole 
usually rests on the station point; this necessitates removal of the entire signal when angles are 
measured at that station. Where necessary to build a high sigual, on account of forests, a tall 
mast may be made of 2 or 3 poles spliced together, and braced by wire guys. In all coses it is. 
advisable to tack a black and white band to that part of the pole which is vertically over the station,. 
BO that observations may always be made on that particular point. 

Trigonometric leveling consists in computing difference in elevation of two points on 
the basis of horiz distance and vertical angle between them; it is usually combined with 
trianguiation work, the vert angles being measured at same time as horiz angles. A 
vert angle is measured to some definite point on signal, the height of which above station 
was determined when signal was erected; the height of instrument above its own station 
should also be measured and recorded. In very precise work, angles are measured with » 
special vertical-circle instrument. In less precise work, an ordinary theodolite, th9 
vert arc of which reads to 30 sec or to 20 sec, may be used, but with such instruments only 
single readings can be made; in which case the best results are obtained by averaging 
several independent readings, half of which are taken with telescope direct and the other 
half with telescope inverted. In every case the index correction, or reading of vert arc 
when telescope is level, must be recorded. 

The chief difficulty in obtaining accurate results by trigonometric levying is the 
uncertainty in the coefficient of refraction of the air. This varies with locality, temper¬ 
ature, and atmospheric pressure, and the only way its effect con be eliminated is by taking 
simultaneous obwrvations between two stations. 
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Obserratioiu at one atation. Multiply horia distance by tangent of vert angle, and 
apply a single correction for curvature and refraction by the formula: h » K* + 1.7426, 
where K is distance between stations in miles, and h is correction in feet. If be in 
units of 1 000 ft, then h « 0.02 K* (nearly). This correction is applied to increase differ¬ 
ence in elevation if vert angle is positive, or to decrease it if angle is negative. 

When two timultaneoua observations can be made, hi — ht <m K tan 1/2 (as — eti) 
{1 + (hi -f- Aj) + 2B + K* + 12 R*\, where hi — hz ^ difference in elevation of stations 
in feet; K * arc of the earth subtended between plumb lines through the two stations 
(approx equal to horiz distance between the two stations) in feet; ai and as are simul¬ 
taneously observed vert angles; R >■ radius of earth at latitude of stations; for moat 
work it is close enough to take log R (in feet) » 7.32068. 


27. TERRESTRIAL PHOTOGRAPHIC SURVEYING 

A rapid method of locating topographic details for construction of small-scale maps 
(say 2 or 3 miles to 1 in) is afforded by photographic surveying. Best results, are obtained 
where country has characteristic shapes, and is not too thickly wooded to afford good 
positions for taking the views. To locate a point, it is photographed from two stations, 
the positions of which are known. It is necessary to know the direction in which camera 
was pointed when each photograph was taken and the focal length / of lens. For further 
details, see “Higher .Surveying,’’ by Breed and Hosmer, 6th Edn, 1938, Chap VII, VIII. 

Instrument used for this work sometimes consists of a transit, so constructed that 
standards and telescope can be removed and a camera mounted in their place, so that 
azimuth angles can be measured, or laid off, by the horizontal circle. The instrument is 
leveled and horiz angles between certain well-defined points are measured while telescope 
is on transit; when the camera is substituted, the same angles are laid off on the circle 
and the exposures are made. Such instruments cost about $500. 


a 



Notches on the 4 sides of the camera opening yield corresponding points on edges of 
every picture; lines are then drawn across photograph connecting these 4 points. The 
vertical line is known as the pbincipai. and the other as the horizon line; their inter¬ 
section is called the principal point. 

If photograph be held at distance f in front of the eye, and normal to line of sight, 
points a, b, and c on the picture will appear to cover corresponding points A, B, and C in 
the landscape. The photograph, when held in this position, thus gives a measure of the 
angles between various points in the view; a fact utilized in plotting. 

To plot map, first plot the base line XF to the desired scale (Fig 27). With each base 
station as a center draw a circle of radius / (true focal distance), intersecting the base at 
z' and 2 /'. Next i^ot the traces of the photographs. If the angle between the base and 
direction the camera was pointed has been measured, say 30°, lay off radial line Xm. A 
line op at in, perpendicular to Xm is the trace of photograph taken at X. If the angle is 
not known and the image of X appears in photograph takeh at F, as x', erect a perpen¬ 
dicular to base at x\ Lay off distance z'n' *■ to distance measured on print from principal 
POINT along horizon line to foot of perpendicular dropped from image of the base to horizon 
line. The intersection n, of n'F and the circle, is the location of the principal point. 
Line rq, perpendicular to n'F at n, is the trace of the photograph. To plot point a, first 
measure on photograph op, the distance from a to the principal line, and plot ^at distance 
on line po as ma'. Similarly, the distance na" is measured on the other photograph and 
plotted along trace rq. The plotte{i position of A thus lies at intersection of Xa* and 
Fa", or at a. In same manner are plotted as many points as desired. 
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Differences in eleretion are computed as follows: Scale the distance of point a above 
horiz line on photograph. This distance divided by distance fropi camera station to 
point a' (scaled from map) gives the natural tangent of angle of elevation or depression. 
The actual horiz distance Xa is then scaled from map, after the point has been plotted, 
and is multiplied by tangent of vert mtgle, to give difference in elevation between camera 
station and point a; or it can be found graphically. Details of map are sketched in 
from a study of the photograph, after characteristic points have been plotted. 

28. AERIAL SURVEYING 

For further details, see "Higher Surveying” by Breed and Hosmer, 1938 edn, Chap VIII 

and IX. 

Aerial photographic surveying is used for making maps for highway, railway, water¬ 
way, pipe-lino and transmission line location; for irrigation, water supply, flood control, 
river and harbor improvements, soil conservation, geological research, timber estimates, 
topographic and exploration surveys. 

Aerial photographs are classed as vertical, oblique or composite. In taking vert photo¬ 
graphs, the optical axis of camera is held as nearly vert as possible at instant of exposure. 
In oblique photographs, the camera axis is purposely inclined to the vert and may or may 
not include the horizon. In composite photographs, taken with a multi-lens camera, one 
photograph is usually vert and the others oblique. Some multi-lens cameras have no vert 
chamber. The oblique views of composite photographs are rectified (transformed into 
vert prints) before being used for plotting. Then all prints will appear as verticals, 
although the oblique prints will no longer be rectangular in shape. 

Aerial cameras are precision instruments, comparable to the engineer’s transit, and are 
of single or multi-lens tj^pc. The latter consists of two or more cameras mounted en bloc, 
all exposures being made simultaneously. For taking vert or composite photographs, the 
camera is mounted in gimbals attached to a frame rigidly fastened to the airplane. Expo¬ 
sures are made through a hole in the floor of the piano. By inspection of a level attached 
to the camera, the operator holds the optical axis as nearly vert as possible at instant of 
exi>osure. In taking single oblique photographs the camera is sometimes held in a stand¬ 
ard attached to edge of the cockpit, and may be moved in any direction. Present practice 
in Canada is to mount 3 cameras on a cross beam in the plane; they aie inclined at angle 
of 21° with the horiz when the plane is on even keel. 

The cameras are of the fixed focus tsrpe. At instant of exposure, the film is held flat 
in focal plane by a vacuum back or a glass pressure plate. To locate the principal point, 
notches or collimating marks in the focal plane are photographed on the negative at instant 
of exposure. 

View finders are commonly used. For taking oblique photographs the view finder 
has a sighting arm, which may be set at any desired angle. The camera is held at the 
required depression angle by directing the sight at the horizon. For vertical photographs, 
a vert view finder is mounted, between camera and photographer, over a hole in the floor 
of the plane. This instrument is essentially a camera with a ground glass plate in its 
focal plane, by which the terrain is viewed. It is leveled by an attached bubble and 
the instrument may be rotated about its optical axis. The vert view finder is to deter¬ 
mine: (1) when points are vertically under the camera; (2) the “angle of crab," so 
that the camera may be adjusted along the true line of flight; (3) the interval of time 
between exjKMures. The ground glass plate is ruled with lines 0.5 in apart in the direction 
of flight, and normal to these lines are 2 others. To determine the "angle of crab” 
(angle between longitudinal axis of the plane and direction of flight) the view finder is 
turned about its optical axis until objects on the ground ap]:>ear to move parallel to the 
lines ruled on the ground glass along the direction of flight. In order that succ^essive 
pictures shall be directly in front of one another, the camcia is turned alsmt its optical 
axis to an amount equal to “angle of crab.” The interval Ijetween exposures is deter¬ 
mined by the time it apparently takes a ground point to travel between the transverse 
lines ruled on the ground glass i>latc. 

Taking the pictures. When taking photographs of the area to be mapped, the airplane 
is flown back and forth over parallel straight lines (" flight lines”), and usually at a 
predetermined altitude. The proper distances between the flight lines ai'e computed and 
before the flight the lines are plotted on a map to aid the pilot in keeping his course. 
Altitude is given by an "altimeter.” W’here vert photographs are to tte used for com¬ 
piling maps, it is best to show the principal points of preceding and following prints in 
eBoh print. Hence, exposures are timed so t^t the overlap between successive pictures 
in direction of flight will be about 60%. To avoid hiatus between adjacent strips, the 
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flight lines are so spaced that the photographs will also overli^. This " nde 1^^ *’ is 
usually 30%-60%. 

Relation between scale of print and altitude of camera. Strictly, where the ground 
varies in elevation, there is no such thing as the scale of a photograph. It is only when 
the ground is level, and the photograph has been taken truly vert, that the print has a 

definite, uniform scale. However, any elevation rnay be 
selected as a datum, and, if the elev of the camera is known 
at instant of exposure, the scale of the print may be computed 
for the given datum. 

There ore two ways of expressing the scale of an aerial pho¬ 
tograph : (1) by the representative fraction (R F); (2) by the 
scale factor. The R F is the usual scale, express^ by a frac¬ 
tion in which the numerator is unity; it is the ratio of a dis¬ 
tance on the map to the corresponding distance on the 
ground, denoted as s. The scale factor, expressed as S, 
denotes the number of feet on the ground corresponding to 
1 in on the map. In Fig 28, if distance D on the ground (datum) 
is represented by d on the print, then the R F scale s ■> d-^JD. 
Also, d-r D = f-i- H, where / is focal length of lens and H the 
altitude of the plane above the datum, / and H being measured 
in the same units. If the scale factor is desired, S H -i- f, 
where H is in ft and / in inches. Both formulas show the relation between scale of 
the print and altitude of the plane above the datum. 



Example. 

'-i- 


Compute a and S, when / 
10 1 


and S 


10 in and 10 000 ft; 
ff 10 000 ft 1 000 

CK — 

/ 


that is, 1 in o 1 000 ft. 


10 000 X 12 12 000 / 10 in 1 

Another form of the scale equation is « » / -f- (ff — h), where ff is the altitude of camera above 
datum and h the elevation of the datum. From these formulas the altitude at which the plane must 
fly to give the print a desired scale above a definite datum may be computed. 

Time interval between exposures may be determined by the “view finder” (see 
ante). But, if speed of plane, focal length of lens, altitude of exposure station, size of 
print and end lap are known, then the interval between exposures can be computed. 


Example. Speed of plane 120 mile per hr; 10 in; altitude of exposure station, 10 000 ft; 
sise of print, 7 by 9 in (the 7-in dimension being in direction of flight); end lap 60%, then 

- 10 „ 1 
* “ 10 000 X 12 “ 12 000 

Total distance covered by the 7 in on print •• 7 X 12 000 -»■ 12 - 7 000 ft. Net distance covered 
by one print«» 7 000 X 40% •= 2 800 ft. Speed of plane, ft per sec ■= (120 X 6 280) + (60 X 60) *» 
176 ft. Interval betwee. exposures “ 2 800 -t- 176 15.9 sec. 


Humber of negatives to cover a given area. When the dimensions of the area, scale 
and size of print, and the end and side overlaps are known, then the number of prints 
required may be computed. 

Example. Siee of area, 15.5 by 20 milea; prints, 7 by 9 in; scale 1 to 1 000; end lap 60%; side lap 
30%. Total area covered by 1 print - (7 X 12 000)/12 X 6 280) X (9 X 12 000) + (12 X 5 280) 
■> 2.26 sq miles. Net area covered by one print — 2.26 (1.00 — .60) (1.00 — .30) » 0 033 sq mile. 
Required number of prints to cover area » (15.6 X 20) + 0.033 • 490 prints. To this value add a 
sufficient number of prints to cover the margins. It is customary to make 1 or 2 additional expo- 
Buree at beginning and end of each flight line, to ineme proper coverage. In the example, if 1 
additional print was taken at both beginning and end of each flight line, 26 prints should be added 
to the 494; total, 620. 

Scale errors. For mapping, the plane is often flown at a precomputed altitude. Aa 
altimeters are not precise instruments, and because of varying meteorological conditionB. 
the altitude will vary, thus causing a change in scale of photographs. II / ~ 10 in and 
H a 5 000 ft, the scale S is 1 in 500 ft. If, due to above mentioned changes, H is 
4 800, scale S would bo 1 in — 480 ft. Under good flying conditions the altitude should 
not vary more than 100 ft. 

Definitions. Nadir or ground plumb point is a point on the ground vertically beneatli 
the lens at instant of exposure. Its image on the print is the plate nadir or plate phimb 
point. '* Principal point ” is the point where the optical axis of the camera intersects the 
film. If it is not shown on the print, it is taken at the intersection of the lines between 
the reference marks on margins of the prints. When the optical axis is truly vert, the 
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nadir and principal point coindde. When the plate hae aome tilt (uaualir ^e eaael, 
theae pointa do not ooindde. A pdnt approx midway between nadir and prindpal point 
in a tilted photograph ia the ** iaocenter," or center of diatortion. Positiona of the plumb 
point and iao^nter could be located on the print, provided the amount and direction of 
tilt are known, which may be determined if the position and elevation of 3 or more ground 
control pointa on the print are known. 

Diijdacement caused by relief. Aa dl photographs are perspectives, all objects in the 
photograph, except the plumb point and those in the datum, are displaced. In Fig 29 
the top of chimney A will be shown on the datum at A'. Displacement on the datum is 
A"A" and on the print o"o. Displacement of point B is B"B'. Plumb point P' has no 
displacement. The displacement of points below the datum is inward, and, as it is in a 
vert plane, the error on the print ia radial from the plate plumb point, which in w truly 
vert photograph coincides with the principal point. Displac<mient on the print is calcu¬ 
lated as follows. The hill A (1^ 30) whose height above datum is h, appears on the 



print at o; gro\ind displacement is AiAo and displacement on the print is oog. By 
measuring distance Pa on the print and dividing it by / the angle a angle AgAAi may 
be found. Now aga : AgAi ^ f: H; whence ago ■* (/+ H) X AgAi *■ s-A tana. Another 
formula for computing the displacement is derived as follows. In the last equation, 
6 f -T- H and lana •= Pa -i- f. Substituting, ago - / -S- h-h-Pa Pa-h-i- H. 

Example. H ■< 10 000 ft, / =« 10 in, ft = 600 ft. Pa measured on the print — 3.075 in. By 
the first formula, displacement is ana - 10 -i- (10 UUO X 12)-500-12 -tan 3.076 + 10 - 0.154 in; by 
the second formula, oga = 3.075 X 500 4 - 10 000 — 0.1.54 in. Thus, by computing the displacement 
of a point, its correct position on the print may be plotted. 

Tilt. In taking vert photographs, the ideal position for the optical axis at the instant 
of exposure is truly vert; that is, the principal point and plumb point coincide. This 
condition seldom exists. The angle of inclination of the optical axis and the vert is 
called the " tilt," which experience shows may be kept within 1" and seldom exceeds 3®. 
When tilt exists the film, which is at right angles to the optical axis, is not truly horiz, and 
the images of objects on the film are displaced. If the tilt angle is known, the displace¬ 
ment may be computed. But, there is no simple way of determining the tilt angle. To do 
so, the image points of at least 3 ground-control points, whoso i>ositions have been found 
by ground surveying, must appear on the photograph. Then the tilt may be determined 
analytically, graphically, or by rectifying instruments. 

Effect of displacement on plotting caused by relief and tilt. Although displacement 
caused by relief is radial from the plumb point, and that caused by tilt is radial from the 
iaocenter, the 'positions of these points are indeterminate unless the tilt is known. In 
plotting, however, relief and tilt are assumed to be radial from the principal point. When 
both relief and, tilt are small, the error in plotting is negligible. 

Ground control is the term applied to points identifiable in the photographs, whose 
horiz positions utd elevations referred to a selected datum are known. Their locations 
wid elevations are determined by ordinary ground surveying. ' The amoupt'of ground 
control may compfise many or few points, according to accuracy required and the mapping 
method employed. In deciding the location of control points, it should be observed that 
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at least 8 points must be known, to fix independently the position of a vert photograph, 
from which a planimetrio map is to be compiled. Where stereoscopio processes are tis^, 
at -least 2 points known in position and elev, and a third point known in dev, must be 
available in the area of common overlap. In either instance, the control should be so 
positioned as to form as strong a geometrical figure as can be drawn with either the single 
photo or the overlap. Thtu, in deciding how control should be located, coiuideration 
shoiild be given to ibe propos^ use of the photographs. Note that triangulation stations 
are usually devated points, subject to large relief displacements in the pictxu-es. Traverses, 
on the other hand, may be run along highways, in valleys, near the level of the sdected 
datum, and are therefore nearly free from this objection. In taking levels, the points 
sdected should be easily identified in the pictures, and so placed as to give the best deter¬ 
mination of tilt. If the photographs are taken before the ground control has been estab¬ 
lished. points with little or no displacement and which can be identified on the photographs 
(as intersections of roads with other roads, railways and streams) are chosen for control and 
then located in the fidd. W'here there are no easily identifiable objects on the photo¬ 
graphs, it may be best to lay on the ground white cheesecloth about a yard wide in form of 
crosses or circles, so located in open spaces that they will show clearly on the photographs. 
These cheesecloth stations can be joined to the ground control either before or after 
photographs are taken. This should be done fairly promptly, unless the cloths are 
weighted down to prevent displacement. 

Photographic maps. This term is a misnomer, because, in general, a photograph 
can not be both a true photograph and a true map, or projection. As the photograph is a 
perspective, all points in it above or below the datum are displaced. When pictures are 
pieced together to form a continuous representation of the ground, the result is a mosaic. 
Maps made on a true horiz projection from data derived from photographs are true maps. 
In spite of geometric defects of mosaics, they are very useful for certain studies, and are 
more readily understood by the non-technical man than engineers’ plans. In estimating 
timber, and in other applications, the mosaic is often preferable to the map itself. For 



preliminary engineering investigations, engineers often like to have, besides the mosaic, a 
complete sot of photos for stereoscopic inspection. 

Photographic maps comprise: uncontrolled mosaic, a representation of the ground 
made by matching aerial photographs without reference to ground control points; con¬ 
trolled MOSAIC, a representation of the ground made from aerial photos by bringing 
them to a uniform scale and fitting them to ground control stations; planimbtric map. 
lowing the natural and cultural features in plan only, often called "line map"; topo- 
ORAPHic MAP, made from aerial photographic data, including contour lines derived by 
ground surveying; stereometric map, a relief map made by applying the stereoscopio 
principle to aerial or terrestrial photos. 

Orienting prints and compiling maps graphically. All photographs ore true perspec¬ 
tives, and for practical purposes maps may be considered as orthographic projections. 
The perspective or photograph is a -view in which the light rays from the object points 
converge to the lens of the camera, and diverge from lens to the negative. Excepting in 
the optical axis of the lens, the light rays are not perpendicular to the negative; but, in 
the map all objects are represented as they would appear if the eye were oh a line every* 
.where perpendicular to the plane of the map. The map compiler must take the per¬ 
spectives (photographs) and make an orthographic projection from them. A common 
method is radial TRIANOirLATION, RADIAL INTERSECTION, Or RADIAL LINE CONTROL, based 
on the assumption that the photo gives the true horiz angles at the principal point. 

In plottinp, it is assumed that relief and tilt displacements are radial from the principal 
point. Suppose that on 3 consecutive overlapping pictures the principal points are 
Pu Pi> P* 31)t and that from each a radial line is drawn on the corresponding print 





AERIAL SURVEYING 


17-53 


to the'corner of a building a. By superimposing the pictures (Fig 32) all 3 linea intersect 
at a common point, but this point of intersection does not coincide exactly with any of 
the positions of the building on the 
pictures, as would be supposed. The 
angles PtPia, PiPta, etc, are true angles 
because their sides are radial from the 
principal or the pliunb point. No ap¬ 
preciable error is caused in plotting 
by using the principal point for the 
plumb point. The true position of 
the comer of the house is at the inter¬ 
section of the 3 radial lines b. The 
error in position on the print may be 
due to the camera being higher in one 
case than in another, or to the elevation 
of the ground on which the building 
stands. If the 3 lines so drawn have 
no common intersection, an error 
should be looked for; if not discovered, 
one of the pictures is probably distorted 
by tilt and should be rejected when identified. If the point appears on 4 or *> prints, 

it is easier to identify the one causing the 
error. 

In applying radial intersection to a strip 
of aerial photos, the approx scale of the prints 
is first detei-niined. by comparing known 
distances on the ground with corresponding 
distances on the prints. When Uiis is done, 
a map projection of the area is made to this 
scale. All ground control points from ground 
surveys are located on the projection. The 
photos are next examined, the ground control 
points identified and marked on all prints 
on which they occur. In Fig 33 these points 
are shown on photos 1 and 2 at Ti, Tt and 
7'g. The principal point of each photo is next 
identified and marked on all preceding and 
succeeding photographs in which it appears. 
These points are shown at Pi, Pt and Pi. 
While the principal point is easily located 
on some one print, it may not be accurately 
identifiable on adjarsent prints. In this case, 
an identifiable point near the principal point 
is chosen, and used as if it were the prin¬ 
cipal point. When such points are near each 
other, the enor caused in plotting by the 
substitution is negligible. In Fig 33, print 
III, PSi is chosen in place of Pi (it is also 
shown on print II). The picture control 
points are next identified and marked on all 
prints where they occur: they should be well 
defined, and at least nine chosen on each 
print. However, the number of points depends 
on whether the terrain is flat, medium or 
heavily accidented. To insure correct plot¬ 
ting, the greater the accidentation the greater 
the number of picture control points; 3 
should be chosen across and near bottom of 
print, 3 across the center, and 3 across the, 
top. Print II (Fig 33) shows how these 
points should be distributed normal to direc¬ 
tion of flight. A stereoscope greatly aids 
in properly locating the points. 

After locating the ground control points, principal points or their substitutes, and picture 
control points, radial lines are drawn on each print (Fig 33) from the principal point or its 
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subatitute to all contrd pointa. The orientation of the successive pictures is based on 
the prindi^e of resection. Intersection of the radiais indicate their orthographic pro¬ 
jection, for which the tracing-cloth solution of the 3-point proUem is used. The first 
photo is oriented under the tracing cloth, so that the radial lines from center to ground 
control points fall through the plotted positions of these ^nts on the tracing. The center 
of the pnnt is then oriented, and so marked on the tracing. Without moving the photo, 
radial lines are drawn on the tracing to the selected picture control points, an^ to the 
photograph centers. The &st print is now removed, the second placed under the tracing 

and similarly oriented. Radiais are drawn from the 
center to the control points and to the centers, as in 
the first print. Some of the radiais on the tracing from 
the first print will be intersected by some of those traced 
from the second print. These intersections may now be 
used for orienting the third print. Fig 34 is the plot of 
radial control of the 3 prints in Fig 33, which is used for 
orienting the prints for making the finished map. The 
process is continued until a new set of ground control 
ixtinte have been reached, when a check is obtained. If 
the points on the tracing do not check with the ground 
control points, they are adjusted to correct the errors. 
Zn locating on each print the radial line to its center, 
radiais through the previously established ground con¬ 
trol or picture control points ere used. If these do not 
all fit, and no gross error is evident, each radial is shifted 
slightly, points on opposite edges of the print being on 
opposite sides of the ratiial line. Because of errors due 
to the assumptions that displacements caused by relief 
and small tilt-angles are radial from the principal point, perfect checks can not be ex¬ 
pected, but the tracing may be adjusted so that these errors are equally divided and a 
compromise position adopted. 

Controlled mosaics. From control established by ground survey methods, or as a 
result of a radial plot, it is possible to rectify the individual photographs and bring them 
to a common scale between control points. A mosaic may now be laid with these scale- 
rectified prints, which will contain very small displacement errors. 

Transferring details to the tracing. After the ^eleton of the map has been prepared, 
details are filled in from the original photos. In each case the photo is placed under the 
tracing cloth and oriented with respect to the points whose positions are now fixed. Detail 
is taken off along the line joining any two points. The print is oriented so that one point 
on the photo lies under its map position, and the second point lies on the line joining the 
two points on the map. Differences in scale between print and plot are then corrected by 
estimation in the compilation process, due regard being taken for any known relief differ¬ 
ences along this line. In the case of controlled mosaics, there will be no apparent difference 
in scale between positions of control points on the print and on the plot. Detail can be 
taken from the mosaic, or from rectified prints, and a planimetric map drawn. The 
operator must use his best judgment based on knowledge of the terrain in selecting the 
position of detail where mismatches occur as a result of relief. 

There is now used a projection camera, like an enlarging camera, into which a photo¬ 
graph may be inserted and its image cast on a drawing board. The drawing board may be 
tilted by 3 leveling screws. The map projection is placed on the board, and small sections 
of photographs made to fit the contr^ points by varying the enlargement of the photo 
and til ting the board. Details may thus be transferred to the map. 

Contours. There are two modes of obtaining the contours on a map made from aerial 
photos: (1) by the ordinary ground survey methods, after completing the horiz locations; 
(2) by tlm stereoscopic principle applied to overlapping photos. In the first method 
there must be enough lines of direct levds to furnish all bench marks necessary, as well as 
points located horisontally for the plane-table work. Planimetric locations can be 
checked, and any residual errors removed. For details of stereoscopic work, see Bib 
references to books listed under Photograj^ic Surveying. 
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29. HYDROGRAPHIC SURVEYINQ 

Bydrographic surveying is usually applied to the determination of shape of bottom of a 
hody of water, sometimes including a determination of character of material composing 
the bottom. It is customary first to establish points on shore, by triangulation or traverse, 
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to wbidt the hjrdrographio mrvesy may be referred, then to measure (usually from a boat) 
the depth of water at various points, arid determine position of these points. Besides 
ordinary transit and tape outfit, a soimding-pole (or leadline in deep water) and a boat 
with necessary equipment will be required. In tidal waters, and in lakes where water 
level changes rapidly, a tide gage shorild be installed. Sounding-poles are similar to self¬ 
reading rods, graduated to 0.1 ft;- a shoe is sometimes attach^ to lower end,'provided 
with a^pip-shaped cavity which, when smeared with tallow or soap, brings up samples of 
the bottom. The lead-line is a chain, or hemp line, to which is attached a lead weight. 
A brass sash-chain is satisfactory, having cloth tags of various colors for footmarios. 
Where there is little current, a 6- to 10-lb weight suffices for depths to 40 ft. 

Locating soundings. There are 6 general methods: (a) The boat is rowed on a range 
line, at imiform speed, and sounding^ are located by time intervals, (b) Boat is rowed on 
a range line, while positions of soundings are “cut in" by a transit rea«iing from shore, or 
by an angle taken with sextant from boat, (c) Boat may be rowed on a range line, or 
not, while its position is located by angles taken simultaneously by two transits on shore, 
or by angles taken simultaneously to shore stations from boat by two sextants, (d) Sound¬ 
ings are located by stadia method, (e) Soundings are defined by the intersection of fixed 
ranges. (/) In case of a stream, a wire or cord is stretched from shore to chore, and sound¬ 
ings are taken at measured points along this line. 

Locating by range and angle. In still water, where the boat is easily held on any desired course, 
soundings are conveniently located by proceeding along a range line of known position, marked by 
two objects on shore, such as range poles, and then "cutting in" the position of sounding pole by a 
transit angle observed from a previously determined shore point at instant the sounding is made. 
The ranges may be fan-ehaped if pivot-point of system bo a steeple or some other object of known 
position situated far enough back from shore so that the lines will not diverge too rapidly. The 
recorder writes in his notebook the depths as called off by leadsman, and also the times of sounding. 
He also notifies leadsman by calling out “Sound" about 6 see before each sounding is desired. The 
leadsman takes soundings as quicldy as possible, usually within 2 or 3 sec of the desired time. In 
hydrographic work of Corps of Engineers, U S Army, in which nearly all soundings are located by 
two angles taken with transits on shore, soundings are usually taken at 1&, 20, or 30-sea intervals, 
and an observation is made each minute by the instrument men at the instant signal ia ipven from 
boat. The chief of party usually acts as signalman, directing work in the boat, and seeing that 
boat is kept on the ranges (if any are used). The signal is given by holding up a flag for about 
10 sec snd dropping it suddenly at instant the sounding is taken, at which moment the transitmen 
on shore read angles to the leadsman, or to the pole, if visible. In work of U S Engineers, white, 
red, and sometimes black flags are used for eignaling. Both the recorder'! snd the instrument men’s 
notes should report color of signal, as well as the time for each located sounding, thus giving two 
means of identifying angles with their correeponding soundings. This double check is of particular 
value in taking long lines of soundings. In waters with changing level, the time record is required 
aleo, to reduce soundings to Mean Low Water, or other datum. The tide-gage readings are recorded 
at regular intervale throughout the day. 

When purpose of survey is to locate every slight change in shape of bottom, it is desirable to 
take soundings as frequently as leadsman can bundle the pole, instead of at timed intervals. In 
this case, the boat is usually rowed on a range and the instrument men on shore "cut in" only those 
soundings that are designated by signalman in boat, the time being recorded to nearest second. As 
a rule every sixth or eighth sounding is located. In plotting such notes, the soundings being quits 
close together, the points that were "cut in" are plotted on map and intermediate readings are 
interpolated, the eoundings of which are assumed to be equally spaced between the located onesi 
unices time record shows a different condition. 


30. SURVEYS OF MINERAL LANDS 

By Prof G. L. Hosmer, Mass Inst of Tech. Field notes furnished by Prof James 
Underhill, Ckilo Sch of Mines, author of “Mineral Land Surveying" 

Requirements of the U 9 Mining I.aws respecting location of a claim comprise: discovery of a 
mineral deposit, marking claim boundaries, posting location notice and filing certificate (Hee 24). 

Legal dimensioas of claim: Length, not more than 1 500 ft on course (strike) of vein; 
width, .not more than 300 ft on each side of middle of vein; normal claim is Uius 600 by 
1 500 ft. State legislation may make the width less than the maximum, as in N and 
8 Dak, Wyo, and in 4 counties of Colo (Sec 24). Two surveys are necessary; (a) location 
survey; (b) survey for patent. 

Location survey, which is comparatively simple, may legally be made by the claimant 
himself, even without use of instruments; but it is advisable to employ a competent sur¬ 
veyor, to avoid possible loss due to inaccuracies. In making this survey, the strike of 
the vein is determined as accurately as possible, and used as the center line of claim. 
This fine must pass through the point of discovery, its direction being referred to either 



17-56 


••SURVEYING 


ria. 


HBOor 

n.Olalre]sia 



S I! Cor 
okim 

Fig 35. Typical Claim. Not* —Corner angloe may be 
greater or less than right anglen (eee Fig 36) 


magnotie or true meridiaii; but, as the subaequant patent survey uses the true meridian, 
' th^ is advisable also for ^e loca^ 

tion surveyr (Art 13). 

Distances may be measured 
on slope when neceasaiy, and 
then reduced to horiz. Corner 
stakes are set, and mark^ with 
comer numbers and name of lode. 
A marked stake is also set at 
middle point of each side line. 
End lines must be parallel, but 
are not necessarily at right angles 
to center line. Claims may be of 
various forms (Fig 35-37), but 
always within legal dimensions 
At least one point on the survey 
(usually a comer) must be tied to 
a comer of a neighboring patented claim, to a govenunont survey comer or U S locating 
monument, or, in absence of these, 

to any permanent object. If other „ i*®'Ai 

reference points are not obtainable, 
bearings of mountain peaks may be 
taken. 

Location certificate may be writ< 
ten by the claimant, but is usually 
drawn up for him by the surveyor. 

It must state: name of lode, name 
of locator, date of location, number 
of feet claimed on each side of point 
of discovery, description of bounda¬ 
ries by bearings and distances, and 
tie lines to established points. Following is a form that may be purchased in blank: 



Claim with Broken Side Lines 



State of —-- 

County of 



Know All Men by These Presents: That - -, the undersigned, has this 

day of____ located and claimed and by theee presents does locate and claim by 

right of discovery and location, in compliance with the Mining Act of Congress, approved May 10, 

1872, and all subsequent acts, and with local customs, laws and regulations,_^linear feet 

and horisontal measurement on the - lode, vein, ledge or deposit, along the vein 

thereof, with all its dips, angles and variations as allowed by law, together with 300 feet on 

_side of the middle of said vein at the surface, so far as can be determined from present 

developments; and all veins, lodes, ledges, or deposits and surface ground within the lines of said 

claim,_feet running __from center of discovery_and ■ 

feet running_from center of discovery-- said discovery_being sit¬ 
uate upon SMd lode, vein, ledge or deposit, and within the lines of sud claim in_ 

Mining District, County of , and State of__ described by metes and 

bounds as follows, to-wit: 

Beginning at Corner No 1 (here follows detailed description). 

Said lode was discovered on the-day of-- A. D. . 

Date of location, , , .i.... A. D -- 

Date of eertifioate, , A. D. .. 

---(Seal) 
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Ftaccr e toiiM (n* S«e 24 wid Art 13). If aitttated on btnds nlrendy snrveyod uid 

the olnim boundnrief eonform to ■ov't >ub-diTiaiona, no further survey may be neeessary; else¬ 
where the boundaries must be aeceptable to tixt Com’r of the General lAnd Office. In (eneral, 
as the boundaries are meridians and east-west lines, an area much larger than the claim its^ msy 
sometimes have to be surveyed, to obtain a location that will be approved. 

Mill tftes are located and surveyed like mining claims, but may be on non-mineral lands only. 
Their area is limited to 6 acres, and boundaries must be straight Unm (Sec 24). 

Tnodbl site ^ves a right <rf way tax a tunnel, not more than 3 000 ft long. Rights covering vrins 
out by the tunnel, and not preidously located, extend 1 500 ft on each side of center line. A dump 
area not over 250 ft square may also be taken. Center line of tunnel is staked out so that each 
stake can be sighted from the preceding one. The boundaries are also staked, the bearings being 
obtained by true meridian. Claims on veins out by the tunnel may be patent^, but tunnel itself 
can not be patented. 

Survey for patent. Title to a mining claim is by deed or patent from |he US. A sur¬ 
vey must be made by a commissioned U B Deputy Mineral Surveyor, permanent monu¬ 
ments set at the claim corners, and a preliminary plat prepared. Notes, plat, copy of 
location certificate, and affidavits of surveyor and assistants are sent to Surveyor General’s 
Office, where they are examined and checked; if found correct, they are approved and 
copies returned to the Deputy, who delivers them to the claimant or his attorney. 

Before the surveyor is officially in charge of a survey, the claimant must pbtsin an order from 
the Surveyor General; application for which states name and address of claimant, name of claim, 
name and address of Deputy Mineral Surveyor, and is signed by the claimant or his attorney. This 
must be accompanied by a certified copy of location certificate, and a certificate showing that the 
required fees have been paid. The surveyor can not act as attorney for the claimant. When the 
OTder is issued, the designated surveyor is directed by the Surveyor General to make the final survey. 
Although the surveyor is not authorised to do the work before receiving the order, a preliminary 
verification of the location survey is advisable, to discover possible errors or inconsistencies. If 
modifications are required, an amended location certificate or a relocation certificate may be filed, 
saving time and trouble later on. The order for survey contains the survey number to be used, 
and is accompanied by a certified copy of location certificate, which shows name of claimant, name 
of location, date of location, date and place of record and certificate of County Clerk. 

In a patent survey the final claim must coincide with or lie wholly within tbe limits of the location 
survey. All bearings must refer to the true meridian (Art 13). Errors in closure not sxoeeding 
one part in 2 000 are permitted. 

If the claim overlaps or conflicts with clsima already patented or located, the surveyor makes 
all ties and measurements necessary for a closed traverse around tbe portion in oonfliot and for 
showing its exact relation to surrounding claims. The area of conflict is deducted from that of the 
claim being surveyed. Survey notes must give a complete statement of all such areas, and the net 
area claimed. 

Field notes are written on printed forms furnished by Surveyor General, and must follow tbe 
form given in the “ Manual of Instructions for Survey of Mineral Lands of the United States ” 
(Circular No 430, General 
Land Office). They include 
a deeoription of the clsim 
boundaries by true bearings 
and distances, distances to in¬ 
tersections, computed areas, 
ties to patent corners, and 
distance and bearing along 
the lode line on each aide of 
point of discovery. They 
must abo certify that at least 
$.500 worth of work or im¬ 
provements has been done on 
the claim. In making this 
estimate ^e surveyor sees 
that it conforms to decisions 
of General Land Office 
(Sec 24). 

SurT4yor*t plat (usoaHy 
on scale of 1 in ■■ 200 ft) 
shows the claim bounda¬ 
ries, with bearings, dis¬ 
tances, all adjoining or 
conflicting claims, and all 
ties to comers or monu¬ 
ments. It must show 

leni^s anfl bearings oi all , 

lines used in the notes. Fig 38 is the plat of the claims described in the following fi«a 
wftfaw (hy Prof Jamix UnderhiU). They contain additional data not on tike map. 


On. B». I 



//Cor. Mo. 1 

'Oor.ll«.s X\ //Sttr.Mo.21<t00A.aiidB. 

Denver and Boston IxkSss 
and London Milltfta 
C«. So. 9 Surveyed by 

Frank Jones 
U.B. MiB, Ssmgee 

Fig 38. U S Mineral Surveyor’s Plat of Patent Survey, sboudng 
Conflict (from James Underhill’s "Mineral lAnd Surveying, 

by permission) 
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Survey notes, prdiminery itUt, sIBdsvita of surveyor and sssUtants, copy of loeafion eertifleate. 
aa<i the order from Surveyor General are sent to Surveyor General’s office. When returned with 
approval, tihe D^uty surveyor delivers them to the claimant or his attorney. 'For his own proteo* 
tion and convenience, the surveyor preserves copies of all these documents, as he may have to make 
further surveys, or act as witness in court proceedings. 

Example. Mineral Survey No 21000 A and B, Denver Land District. 

Fiann Nonsa of the Survey of the Mining Claim of Txmotkt Bbowh, known as the^Denver 
and Boston Lodes and the London Millside, Coral Mining Distriot, Clear Creek Co, Colo. 

Unaubdivided Township 3 S. and Section 4, Township 4 S., Range 73 W. 6th P. M. Surveyed 
under instructions dated Sep 1, 1010. 

by Frank Jones 
U. S. Mineral Surveyor. 

Claim located.. 19...; survey b^n Sep 5, 1919; oompletCMl 

Oct 31, 1919. Address of clumant. Box 567, Denver, Colorado. 

Denver Lode, Survey No. SIOOOA. 

Beginning at Cor. No. 1. A spruce post 5 ft. long, 6 in* snuare, set 2 ft. in the ground with 
mound of stone, scribed cross (x) at corner point and D. 1-21000A, whence 
The N.K. Cor. Sec. 4 T. 4 S. R. 73 W. 6th P. M. bears 8 19" 30' E, 309 ft. 

Cor. No. 1, Sur. No. 1686, Paris lode, claimant unknown, bears S 19" W, 142 ft. 

Position of Cor. No, 4, Sur. No. 1686 Paris lode, bears N 66“ 36' W 269.93 ft. 

* A corner of the location bears N. 88" 26' E, 100 ft. 

A cross (x) and B. R. D. 1-21000A chiseled 4 ft. above the ground on a granite cliff 20 ft. high 
bears N. 46" E. 26.3 ft. Thence S. 88" 26' W. 

Feet 

333.02 Intersect line 3-4, Sur. No. 1685 Paris lode, at S. 40" W, 146.77 ft. from Cor. No. 4. 

770 Road, 10 ft. wide, course Southeast and Northwest. 

896.67 Cor. No. 6 Boston lode of this survey. 

1400 To Cor. No. 2; identical with a corner of the location. A rook in place 6 X 4 X 2 ft. 

above the general surface, chiseled cross (x) at corner point and D. 2-21000.4. Thence 
N. 1* 38' W. 

86 Creek, 4 ft. wide, Sows Southwest. 

800 To Cor. No. 3, identical with position for a corner of the location. Not set, as it falls 
in the center of the creek, 4 ft. wide, flowing Southeasterly, where corner could not 
be established. Thence N. 88" 26' E. 

65 Witness Corner to Cor. No. 3. A granite stone, 27 X 12 X 8 ins., set 14 ins. in the 
ground, with mound of stone, chiseled cross (x) at corner point and W. C. D. 3-21000A, 
whence, a pine tree, 8 ins. diam. biased and scribed B. T. W. C. X D. 3-21000A, 
bears N. 28" E, 16 ft. 

260 Road, 10 ft. wide, course Southeast and Northwest. 

1400 To Cor. No. 4. A cross (z) at corner point and O. 4-21000A chiseled on a ledge of rock, 
whence a corner of the location bears N. 88° 26' E. 100 ft. Thence S. 1" 35' E. 
73.17 ' Intersect line 4-5, Bur. No. 1686 Paris lode, at N. 82" E. 263.08 ft. from Cor. No. 4. 

300 To Cor. No. 1, the place of beginning. 

Boston Lodo. 

Lode Lines. As near as can be determined from present developments, the vein of the Denver 
location extends 936 ft. N. 88" 26' E. and 405 ft. S. 88" 26' W. from face of discovery cut. The vein 
of the Boston location extends 1000 ft. S. 33" E. and 125 ft. N. 33" W, thence 375 ft. N. 55" W. 
from the discovery shaft. 

Survey No. 21000B. London Millsite. 

Beginning at Cor. No. 1. A granite stone 24 X 14 X 7 ins. set 13 ins. in the ground with mound 
of stone chiseled cross (x) at corner point and L. M. S. 1-21000B, whence, the N. E. Cor. See. 4 
T. 48. R. 73 W. 6th P. M. bears N. 71" 32' E. 1331.22 ft. Thence S. 50" W. 

Feet 

260 Creek, 4 ft. wide flows Southeast. 

400 To Cor. No. 2. A pine post 4 ft. long, 4 ins. square, set 2 ft, in the ground with mound 
of stone, scribed cross (x) at corner point and L.M.S. 2-21000B. Thence N. 40" Ilf. 
260 To Cor. No. 3. Identical with Cor. No. 3, Sur. No. 17556B, Axtee mill site, claimant 
unknown. A rock in place showing 4 X 5 X 7 ft. above the general surface, chiseled 
3-I7656B, cross (x) at corner point, and L.M.S. 3-21000B. Thence N. 60" E. 

160 Creek, 4 ft, wide, flows Southeast. 

290 Cor. No. 2, Sur. No 175S6B, Aztec millsite. 

400 To Cor. No. 4. A granite stone 24 X 16 X 6 ins. set 14 ins. in the ground, with mound 
of stone, chiseled cross (x) at corner point and I..M.S. 4-21000B; whence Cor. No. 8, 
Sur. No. 21000A Boston lode, bears N 35" 40' E. 3.50 ft. Thence S. 40" E. 

860 . To Cor. No. 1, the place of beginning. Variation at all corners 14" 30' £. . No bearing 

objects available at the several corners of this survey, • 
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Area Aeree 

Total area, Denver lode. 9.643 

Area in conflict with Sor. No. 1685 Paria lode. 1.032 

Total area, Boeton lode. 10.330 

Area in eonfllot'witb Sur. No. 1680 Pane lode.. 0.910 

Golden lode, uneurveyed... 2.160 

Denver lode of this eurvey. 1.302 

Total area, London millsite. 2.206 


Surveys of Boston lode and London millsite are identical with th«r. respective locations aa 
ataked upon the ground. 

Xtocation. This claim is located in the unsubdivided T. 3 S., R. 73 W., and the N.E. I /4 ot 
80 c. 4, T. 4 S., R. 73 W., 6 th P M. 

Expenditure of five hundred ilollars. I certify that the value of the labor and improvements 
made upon, or for the benefit of, each of the lode locations embraced in said mining claim by the 
claimant or his grantors, is not less than five hundred dollars, and that said improvements consist of: 
The discovery out of the Denver lode, the face of which, being the discovery point, is on the center 
line 465 ft. from the center of line 2-3, 5 ft. wide, 10 ft. face, running i:). 88 ° 25' W. 20 ft. to mouth. 
Value, 3200. 

No. 1. The discovery shaft of the Boston lode which is on the center line, 1 000 ft. from the 
center of line 1-2, 4X6 ft., 25 ft. deep. Value, 3250. 

No. 2. A pit on the center line 775 ft. from the center of line 1-2, 4 X 4 ft., 10 ft. deep. Value, 
350. 

No. 3. A trench, the east end of which bears from Cor. No. 6 , S. 22° 20' £. 425 ft., 4 ft. wide, 
8 ft. deep, running S. 57° W. 130 ft. Value, 3000. 

A common improvement, being a crosscut tunnel 5X0 ft., the mouth of which, situated on 
London millsite, bears N. 77° 08' W, 050 ft. from Cor. No. 2 Boston lode. Tunnel runs thence 
N. 43° E. 350 ft. to breast. Value, 33 500. 

This improvement is in course of construction for development of Denver and Boston lodes, 
being all the contiguous lode locations owned in common within the range of benefit, and as described 
has been wholly constructed subsequent to the time since contiguity and common ownership have 
prevailed as between said lodes. The surface embraced in this claim ascends rapidly from mouth ot 
tuimel towards Cor. No. 4, Denver lode. Therefore, the tunnel, continued with laterals run there' 
from, will cut the veins of said locations at great depth, and thus afford an advantageous and eoo> 
nomical means of development. An undivided one-half interest in the value of the improvement is 
therefore hereby credited as patent expenditure to each lode. No portion thereof or interest therein 
has heretofore been credited as patent expenditure. 

Other improvements. A shaft on Boston lode, 4X6 ft., 30 ft. deep, which bears from Cor. 
No. 2, N. 23° 45' W. 510 ft. Claimant unknown. 

A cabin on Denver lode, the N. W. Cor. of which bears from Witness Corner to Cor. No. 3, 
6 . 83° 25' £. 445 ft.. 25 X 15 ft., course of long sides East. Claimant unknown. 

A compressor house on London milLdte, the S.E. Cor. of which bears from Cor. No. 1, 8 . 72° 25' 
W. 205 ft., 20 X 15 ft., course of long sides S. 75° E. Claimant herein. 

Instrument. These surveys were made with a Buff and Berger transit. No. 2 345. The oourses 
were deflected from the true meridian as determined hy direct solar observation. The distances 
were measured with steel tapes. 

Report. The boundary lines and eonneotions of these surveys, as well as the lode lines of the 
two lode locations, were run direetly upon the ground. The N.E, Cor. Sec 4, T. 4 8 ., R, 73 W. 6 th 
P. M. is a atone properly marked. The N. I /4 Cor. of said section is missing. The N.W. Cor. 
Seo 4, T. 4 S., R. 73 W. 6 th F. M. is a stone properly marked. The N.W. Cor. Sec 4, T. 4 S., 
R. 73 W. 6 th P. M. bean West 5 280 ft. from the N.E. Cor. said section. 

Sur. No. 1685 Paris lode: Cora. Nos. 1 and 2 are stones properly set and marked. Cor. No. 6 
is a post, standing, properly set and scribed. Cora. Nos. 3, 4 and 5 are missing. Lines 1-2 and 6-1 
were found eorreet as approved. Lines 2-3, 3-4 and 4-5 are shown aa approved. From Cor. No. 1, 
the N.E. Cor. Sec. 4, T. 4 S. R. 73 W. 6 th P. M. bean 8 . 43° 34' E. 216.71 ft., instead R 42° £. 
220.5 ft. as approved. 

Sur. No. i7556B. Astec millsite: Cor, No. 3, identical with Cor. No. 3, London millsite of this 
olaim, and Cor. No. 2 are rocks in place properly marked. Line 2-3 was found to be S. 50° W. 
200 ft. instead of 8 . 47° W. 300 ft. aa approved. 

Locatioa certifleatea. (Note by Editor of this Handbook: Certificates of above Lodb CuaiMa 
are drawn up in the form shown near beginning of this Art.) Certificate for the London millsite: 

STATE OP COLORADO) 

Coudty of Clear Creek 1 

TO ALL WHOM THESE PRESENTS MAY CONCERN: 

Know ye that I, James Fbamxmm, of Denver, Colorado, do hereby declare and publisb as a 
legal notice to all the world that 1 have a valid right to the occupation, possession and enjoyment 
ot all and singul^ that traet or parcel of land not exceeding five scree, situate, lying and b^ng in 
Cored honing District, in the County of Clear Creek, in the State of Colorado, bounded and deecribed 
as f^ows, to wit: The London millsite, beginning at Cor. No. 1; thence 8 . 50'* W. 400 ft. to Cor. 
No. 2: thence N.'40'* W. 250 ft. to Cor. No. 3; thence N. SO" E. 400 ft. to Cor. No. 4: thenee 8 . 
40* E. 260 ft. to Cor. No. 1, the place of beginning. Cor. No. 3 is identical srith Cor. No. 3, Sur. 
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No. 175MB Acteo Millaito, together with ell and singular the hereditaments and appurtenanoaa 
thereunto belongittg or in anywise appertaining. 

Witness my band and seal this 6th day of January, in the year of our Lord one thousand nine 
hundred and ten. Jamse f^ankUn, Suai,. 

Appended hereto are nNAii paths of the U S Min Surveyor and hu assistanta, that they legally 
made the above surveys, and that the improvements and expenditure on each claim are as stated. 

81. MINE SURVEYING (See Section 18, on "Undergmund Surveying*’) 

32. RAILROAD LOCATION 

Pralimliiary steps. Kbconkaissance is an examination of the country through which 
proposed railroad is to run, for purpose of choosing the genhral route (or routes) deemed 
worthy of further investigation. Pubuhinart bubvet is a detailed mapping of route 
chosen as a result of reconnaissance. Location survey follows, consisting in staking out 
the railroad as straight lines and curves. A mining engineer is often called upon to lay 
out highways, or branch railroad lines and sidetracks. The treatment here given will, 
therefore, refer to branch-line work, although the same principles apply to main lines. 
If reconnaissance be carelessly made, subsequent surveys will not rectify such defect. 

The first step is to obtain best available map of the country. For this purpose the 
U S Geol Surv maps are particularly valuable, because they give elevations-as well as 
flat topography. They can be obtained for lOff each from office of U S Geological Survey, 
Washington, D C. On these maps, a paper reconnaissance can be made in the office, 
probable grades and alinement can be studied, and a vtty good general idea obtained 
without going into the field. Such paper reconnaissance oug^t always to be followed by an 
examination of the ground, to determine character of excavation, bridge crossings, and 
oUiOT important details. Large portions of the country have not yet been surveyed by 
the U S Geol Surv, and it is not uncommon for an engineer to find himself without a map 
to assist him. In this case he should travel over the most favorable routes, obtaining dis¬ 
tances by pacing or stadia, and elevations by aneroid barometer and hand-level; these 
data are incorporated into a rough reconnaissance map. He should take into consideration 
not only first cost of road, but also that of maintaining and operating it, noting, therefore, 
grades, curvature, length of lino, earthwork, character of soil, bridging, tunneling, and 
drainage. Mosaic EiAps, based upon aerial surveys, are of great value. They may be in 
form of strip maps of different locations under consideration, and used in addition to or in 
BUbstitution for existing maps. They are rapidly made, give dependable results both in 
plan and elev, and may even eliminate necessity for a preliminary survey (Art 28). 

A ridge location usually has advantage of affording good drainage. A valley location 
usually permits better gr^es, but almost always requires more bridges and culverts, and 
is more subject to wadhouts. A sidehill location, where slope is not too irregular, usually 
has advantage that proposed line can be placed at any desired grade. Often, in moun¬ 
tainous regions, operative grades can not be obtained, even in bottoms of flattest valleys; 
the road must then be purposely lengthened by entering lateral valleys or by looping upon 
itself. In routes which cross drainage systems, it is important to determine the lowest 
passes and use these points as governing tlie location; in some cases it is advisable either 
to tunnel at the pass or to operate for a short distance over a steep grade, with a helper 
mgine or by breaking the train in halves. In such locations grade is almost always of 
much greater importance than length of line or amount of curvature, although due regard 
must be given to sharpness of curvature, for reasons given below. 

Preliminary survey is a topographic survey of the belt in which probable location of 
the railroad will lie; it will first be run as a transit and tape traverse to be used as a back¬ 
bone for topographic details. An accurate preliminary survey aids greatly in the location 
survey which is to follow. Distances are measured usually to 0.1 ft, and deflection angles 
to nearest minute; in some oases distances are read by stadia. This map is usually 
plotted on a 8<»le of 100 to 400 ft to 1 in. A pi-eliminary party in open countiy will cover 
from 5 to 8 miles per day. The level party flowing the transit party establishes bench¬ 
marks and determines the profile along preliminary line. 

Topographic details are sketched to scale on crons-seetion paper in the field, luung elevations 
given by level party as bench-marks; a stadia survey or a plane table ia well adapted to this wtsrk 
in open country; in wooded country a hand-level ia satisfactory. A 5-ft contour interval is customary, 
llie preliminary map and topopaphie details should be plotted at dose of each day, from whieh 
the locating engineer will judge from day to day whether to push ahead on the line adopted, or 
to retract run line over different ground. < Not infrequently prelimiaaipy surveys of more than 
one line are made. The kinde of material encountered sJong the route are noted and the cbarec- 
teristios of bridge eroesings. Upon the preliminary plan the locating engineer ean draw the location 
Une, oompoeed of straight linss and cirmdar eurvea, and from the eontoors a profile of proposed 
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loeation line enn be plotted. From a etudy of the different linee and profilee the eni^neer will deter* 
mine a final line, which will be drafted upon the preUminary map, and run out by the party as center 
fine of the location. 

Location line, aa laid out on the preliminary map. will be eo cboeen ae to paaa throiigb 
or lie near controlling points, such as bridge sites and passes, and to minimise total amount 
of earthwork. Due regard is given to grades and characteristics of the alinement. On 
curves, the rate of grade should be flattened about 0.04% per degree of curvature, to 
neutralise additional train resistance; called curve compensation. 

It is good practice to lay out grade line for a branch connection as nearly level as prac¬ 
ticable for about a train length from its junction with main line. Similarly a flat grade 
should be given for short distance in vicinity of a mine; this permits locomotive to start 
its train before climbing up-grade, or, if grade 'a down, it prevents loaded cars from run¬ 
ning away. These flat gradds are ad^dsable, from an operating standpoint, even if, to 
obtain them, it is necessary to steepen other grades. Wherever the line involves a cut 
more than 500 ft long, it is advisable to let this occur on grades as steep as 0.2%, to pro- 
\'ide drainage. In passing through low flat land, the line should be built a few feet a^ve 
meadows or swamps, with ample culverts for brooks, and the grade should be high enough 
to permit easy construction of such culverts. It is bad jucigment to economise on the 
size of culvert openings. The width of cuts, at the base, is usually made about 6 ft wider 
than Alls, to provide for side ditches. 

When the location line has tieen Anally drawn on map, it will probably cross and recross 
the preliminary traverse several times. Scaled distances along the traverse line will flx 
points on location line, to be used by the field party in laying out the tangents of location 
line. Sometimes when the possible location is constricted, as in a cafion, the Anal location 
is worked out by the field party and the preliminary survey omitted. While location line 
is actually being run out, minor changes are often made on encountering physical condi¬ 
tions not recorded on preliminary map. 

In staking out the center line of location, each tangent is first defined and run to an 
intersection with adjacent tangents; this locates vertices of the curves. The curves are 
then staked out by deflection anoi.es. Measurements are taken to nearest 0.1 ft, and 
angles to nearest minute; a stake is driven at every full station point and at the begin¬ 
ning and end of every curve. The beginning of the curve is called the "T C" (tangent to 
curve) and the end the “C T" (curve to tangent). A level party, immediately foUowing 
the transit party, obtains data for a profile, reading surface elevations to 0.1 ft, and T P’s 
and B M's to 0.01 ft. When final alinement has been staked out, the level party, using 
grade line of location profile as a basis, takes cross-scctions and sets grade and slope stakes 
for construction at every station (Art 10). 

Circular curves are used to connect tangents of a branch track, the refinement of 
transition curves not being necessary. The point at which two tangents meet is called 
the P 1 (point of intersection). The deflection angle at intersection of tangents is called 
the intersection angle, and is equal to the angle subtended between radii drawn to the T C 
and G T. The length of curve is distance from T C to C T, measured by 100-ft chords 
(a sub-chord may occur at one or both ends of a curve). Many engineers use the letters 
P C (Point of Cui^'ature) and P T (Point of Tangency) instead of T C and C T. The 
degree of curvature D is the angle at center subtended by a chord of 100 ft. A chord less 
than 1(X) ft is called a sub-chord and its central angle is a sub-angle. The relation between 
B and D is expressed by formula sin 1/2 ft ■■ 50 + U. 

In the metric system, the degree of curvature has been defined in two ways: (a) As 
the angle at center subtended by a chord of 20 m. (b) As the deflection angle of a 
chord of 20 m. 

Fig 39 represents a simple circular curve. Following terms apply to its elements: 
ob *■ Radius =>■ ft cd = Middle ordinate ■■ M 

ab >• Chord • C cPI “ K'»ternal distance — E 

aPl •“ Tangent distance = T fig — Offset from tangent I 

The foUowing relations between these elements are true when / is leas than 180^; 
tin i/j D -■ 50 + ft 

Dx* « 6 730 -4- ft:r* (approx) - Tx* (approx) - + ftx* (appro*) 

ft ■ 5 730 D (approx) •« 1/2 C + sin 1/2 / ^ T cat 1/2 I 

C » 2Rsintl2l » 2 Tcosi/il - 2McollUI 

L 100 i D (length of curve in ft ft and some rural highway praetioe) 

T R tan 1 / 2 1 + eos^lt I E cot 1 / 4 1 

E R exee ^ T tan 1 / 4 1 m M cos 1/2 I 

M • Rwntfil wmR — V(R -f 1/2 C) (ft - V* C) » C* + 8 ft (appro*) 

t “ chord fig* + 2 ft 
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In highway location the length (rf a curve is usually considered as its actual arc, in 
which case the degree of curvature. Di is defined as the central angle for an arc of 100 ft. 
The central angles of any part of the curve are then propotidonal to the arcs they subtend. 
In computing such cases, the above formulas for C. T, E, M, and t apply. 

Arc bca ■■ kBI + 180® JS X (length of arc for radius 1) ■■ <7 + (C* + 24 ^•) approx 

C ■» arc 6ctt — (arc bca + 24 /?*) approx 
JS - 18 000 + TtDv, L (arc) ^ \m 1 Di, 

Deflection angle is the most common method for locating simple curves. To lay out 
a curve by this method, set transit at the T C, the vernier reading 0®, and sight on A 



Fig 30. Elements of Circular Curve Fig 40. Laying Out Curve by Deflection Angles 


(Fig 40). Ley off deflection angles AB 1 and measure chord B 1, thus locating point 1. 
Angle AB 1 1/2 an. and m I) X B 1 -i- 100. Leaving lower plate of transit clamped, 

loosen upper motion, lay off AB 2 1/2 02 and measure chord 1-2, and so on, setting 

each stake and checking at end of curve on the C T stake. The total deflection angle to 
any point on curve is evidently half the central angle between T C and that point; where 
stations are 100 ft apart, the deflections increase by i /2 D for each successive station. 

Deflection angle for any sub-chord »• cD - 1 - 200 (in degrees) >= c X 0.3 X D (in 
minutes, when D is in degrees). 


Example. Find deflection angles of a fl® curve connecting T C S -{- 41.7 and C T 12 4* 73.4, 
the curve bdng to right. 

68.3 X 0.3 X 6 >- 106' - 1® 46' to Sta 0 

1" 46' -I- 3" - 4" 46' “ “ 10 

4® 46' -f 3® - 7® 46' “ ‘‘ 11 

7® 46' 4- 3® - 10® 48' “ “ 12 

78.4 X 0.3 X 6 - 132' - 2* 12' 

12® 67' to Sta 12 -J- 73.4 

C T12 73.4 - T C 8 4- 41.7 - 431.7 - length of curve. 

4.317 X 6® - 25®.902 - 25® 64' - I; and 12® 67' - l/gl. 

This oheda deflection angle from T C to C T. As a rule deflection angles should be computed to 
nearest half-minute. 

Main-line locomotives, as a rule, are limited to curves of 16®-20®, depending upon their 
length of wheel base and number of wheels having flanges. Some passenger coaches will 
not go around a 20® curve unless the truck swivel-chains are disconnected. A 4-whed 
switching engine will, as a rule, go safely around a curve of 75-ft radius, and a 6-wheel 
switching engine around one of 90- to 150-ft radius, depending upon its design. A single 
box oar can be pulled around a curve of 60-ft radius, and two box cars around curves of 
80- to 100-ft radius if a special long-link coupler be used between cars, and between tender 
and locomotive. On a curve of about 140-ft radius the comers of freight cars are liable 
to collide if the equipment has the ordinary M C B coupler. On all especially sharp curves 
the gage should be properly widened, the rails braced, guard rails set, and curvature main¬ 
tained uniform. Standabd oagb is 4 ft 8.5 in. The widening of gage may be as much 
as >/4 in on sharpest curves. It is advisable to lay guard rails on all curves harper than 
14®. It is of importance to lay out a branch line so that a main-line locomotive can run 
over it; this can be done if the curves are of not less than SOO-ft radius. 

Cost ci branch R R lines varies with amount of earthwork and bridging required. 
Under ordinary conditions, where cuts and fills average about 5 ft, total cost per mile of 
smgley^rack Iwanch line is about $20 000. Ballast and tracks in place wiH cost turn $2.00 
to $3.()0 per linear ft of track. Following estimate assumes ties at 80fS each, tiiat gravti 
ballaat is obtainable within a few miles, that ballast is 12 in dsep under ties, and that 
relayer rails are used, oostihg say $28 per ton (that is, rails previously used on mainline 
tirac^ elsewhere, but still serviceable for bran*^ firack): 
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Cost per ft of tarAok 


Gravel ballast @ $1.10 per cu yd in place. $0.55 

Ties, 24 in c-c, @ SOfi each. O.M 

Relayer 85-lb rails, @ $28 per ton. 0.75 

Rail splices, bolts and spikes. 0.20 

Layins and surfacing track, without tie plates.... 0 50 

Total. $2 40 


' Coat of tumoots, including roils of both tracks, turnout ties, frogs, switches and 
guard rails complete, is from $500 to $750 each, for lengths of 70 to lOO'ft from point of 
switch to point of frog. 

Wagon roads can be constructed, where excavation and filling is earth, where road 
follows substantially the ground surface, and few cuts are greater than 3 ft, for $1 000- 
$4 000 per mile. These costs assume that little material must bo hauled and placed upon 
subgrade, to make a suitable surface for heavy teaming: it also assumes a road with travel 
way 10 ft wide and occasionaUy wide enough for teams to pass. To surface a mile of road 
10 ft wide with 12 in of gravd, obtained within one mile, will cost from $2 000 to $4 000. 


BIBLIOGRAPHY 

Surreying instrumeats 

The Adjustment of Engineer’s Transit and Level. H. C. Ives 
Engineer’s Surveying Instruments. I. O. Baker 

Pr^lems in the use and Adjustment of Engineering Instruments. W. L. Webb 
General surreying 

Principles and Practice of Surveying. C. B. Breed and G. L. Iloamer. Vol I includes general 
surveying. Vol II includes stadia, plane table, geodetic, hydrographic, and photographic 
methods 

Geodesy. George L, Hosmer 

.Surveying. Davis, Foote and Rayner. H. Bouchard 
'Plane Surveying. J. C. Tracy 

Problems in Surveying, Railroad Surveying, and Geodesy. H. C. Ives and H. E. Hilts 
A Handbook for Surveyors. M. Merriman and J. P. Brooks 
American Civil Engineers’ Pocket-Book, Section 2, Surveying. C. B. Breed 
Topographic Surveying. H. W. Wilson 
Topographical Surveying and Sketching. T. H. Reed 
Elements of Predse Surveying and Geodesy. M. Merriman 
Text-book on Geodeey and Least Squares^ C. L. Crandall 
Determination of Meridian 

Asimuth. George L. Hosmer 

Text-book on Practical Astronomy. George L. Hosmer 
Field Astronomy for Engineers. George C. Comstock 
Text-book on Geodetic Astronomy. John F. Hayford 
Elements of Practical Astronomy. Nassau 
Rtilroad surveying 

Railroad Curves and Earthwork; Field and Office Tables.. Both by C. F. Allen 

American Civil Engineers’ Pocket Book, Section 2, Surveyine. C. B. Breed 

Field Book for Railroad Survwing. C. L. Crandall and F. A. Barnes 

A Field Manual for Railroad Engineers J. C. Nagle 

Manual for 1937 of American Railway Engineering Assoc 

Manual for Resident Engineers. F. A. Molitor and E. J. Beard 

Field Engineering. W. H. Searles and H. C. Ives, 2 vol 

Railroad Location, Surv^s, and Estimates; Hailwi^ Estimates. Both by F. Lavis 
Railroad Construction; 'Theory and Practice. W. L. Webb 
Elements of Railroad Engineering, W. G. Raymond 
' Railroad Field Geometry; Railroad Field Manual. Both by W. G. Raymond 
Route Surveying. Pickels and Wiley 

Hydragraphie surveying 

Hydrographic Surveying, Methods, Tables and Forms of Notes. S. H. Lea 
Principles and Practice of Surveying, vol II, by C. B. Breed and G. L. Hosmer 
Plane Surveying. J. C. Tracy 
River Discharge. J. C. Hoyt and N. C. Grover 

Hioeml land surveying 

Mineral Land Surveying. James Underhill _ _ , , 

Theory and Practice of Surveying. J. B. Johnson, rewritten by L. S. Smith 

Pbotogni^G surveying 

Photogrammetry. O. von Gruber 
Surveying from Air Photographs. M. llotine 
Appijra Aerial Photography. A. C. McKinley 
Aerial Photographs. D. M. Reeves 

Photogrammetry. H. O. Sharp r, i 

Analytical Computations in Aerial Photogrammetry. E. Church 
Photographic Surveying. E. Deville , , , , , . ™ 

An-Elementary Treatise on Photographic Methods and Instruments. J. A. Flemmer 
Engmeering Applications of Aerial and Terrestrial Photogrammetry. Capt. B. B. Talleys 
Hi^KT Surveying, 6th £dn, Vol 11, Part 111. Breed and Hosmer 









SECTION 18 


UNDERGROUND SURVEYING 

BT 

EDWARD K. JUDD 

FOBUEBLY ASSISTANT PBOFESSOB OF MINING, COLUMBIA SCHOOL OF MINES 


'.BT pace 

1. Stations: Selection and Marking. 02 

2. Illumination of Croaa-haira and Verniers 04 

3. Transit Alountiiigs and Plumb-bobs , 04 

4. Measuring Horizontal Angles, Travers¬ 

ing . 05 

5. Measuring Vertical Distances; Level¬ 

ing. 12 

Note.— Numbers in parentheses in text refer 


ABT PAQll 

6. Tapes and Taping . 14 

7. Underground Topography. 15 

8. Shaft-plumbing. 16 

0. Notes and Cornpiitations. 22 

10. Makeshift Methods. 24 

11. Mine Maps . 26 

12. Bibliography. 27 


to Bibliography at end of this nection. 




18-01 












UNDERGROUND SURVEYING 


Introdnctoiy. An underground survey is baaed on precisely the same principles as one on the 
surface. The methods of reading angles and measuring distances, of computing asimuths, bear* 
ings, latitudes and departures, coordinates, and elevations, and of plotting the results, are alike in 
all esseutiuls; for these principles, reference should be made to the preceding section. In their 
praetical details, however, a number of differences are introduced by certain peculiar conditions 
under which a mine survey has to be conducted. These conditions are: 1. Working in the dark 
requires that both the point to be sighted and the cruss-huira of a telescope must be illuminated. 
2 . Working in constricted places, and in passages through which traffic must not be interrupted, 
often reqtiires the use of special devices for mounting the instrument. 3. Stations must be placed 
in the roof, when possible, to assure their permanence and visibility. 4. Steeply inclined sights are 
more prevaletit, requiring that a transit shall be always in perfect adjustment; with very steep 
sights, an auxiliary telescope is required, involving a correction in the reading of angles. 5. A 
higher degree of accuracy is usually required than in ordinary land surveying; in this respect, mine 
surveying is comparable with the locating of bridge piers or the boundaries of city real estate. 
This is because, in most of the important problenia in mine engineering, aside from mere m .pping, 
an error means lues of time and money in the subsequent mining operations. Furthermore, it fre* 
quently happens that a complete circuit can not be made, whereby the error of closure can be 
determined and distributed, or a mistake located and corrected; hence careful work by refined 
methods is the only assurance of accuracy. 6. Shaft-plumbing is a special problem, peculiar to 
underground surveying. 


1. STATIONS 

Judicioug selection of the points to be occupied as stations will facilitate subsequent 
operations, and extra time devoted to this end is well sfient. In modern coal mines, where 
the workings are regular and long sights possible, it is customary for the head chain man 
to select and put in the stations as the party proceeds; but in most metal mines, especially 
if an entire new survey is to be made, it is advisable to select the points throughout the 
whole workings before beginning the instrumental work. Three men can do this to best 
advantage. At intersections of workings the point should allow sights to be taken in all 
directions; intermediate points should allow the sights to be os long as possible. Ordi¬ 
narily, little advantage is gained by attempting to set a series of points in line, with the 
idea of reducing ofhec calculations; an exception may occur in the case of a series of chutes 
along a straight drift, up each of which it is proposed to run short, independent surveys. 
Sub-stations for this purpose can be set in line with sufGcient accuracy by a transit in tlie 
drift. When dodging corners in a crooked passage, a longer sight can sometimes be 
obtained by making an abnormally low or high set-up, at the cost of a little temporary 
discomfort to the instrument man; this is particularly true of inclined workings, where 
projections in roof and floor, as well as in the walls, have to be dodged. In passages where 
traffic is heavy, or where the roof is so low that a projecting spad might be disturbed, 
stations ^ould bo near the wall. In setting a station at which the side auxiliary tele¬ 
scope must be used (Art 4), an additional allowance of space must bo left along both sides 
of both lines of sight. 

Fixing stations. In important surveys, and where permanency is desired, stations 
should be fixed in the rock roof of the workings. For temporary work, stations may bo 
fastened to timbers, or may be set on the ties or rails of a track, or in the floor; but in 
such cases, permanent roof stations should be placed at frequent intervals. This is best 
done by drilling a hole in the roof, inserting a wooden plug, and driving a spad into the 
plug. To save labor of drilling, the hole should be as small as possible; there is no advan¬ 
tage in having it larger than V* in. If the roof is high, or the rock so hard as to require 
double-hand drilling, a hole of 1 to 1.5 in diameter may be unavoidable. A special drill, 
8 in long, 3/4 in diameter, drawn out small at one end and sharpened to a chisel edge 
t /4 to 1/2 in wide, used with a 2 -lb hammer, is good for this work. In the soft roofs of 
some coal mines a twist drill will bore rapidly. In any case, the hole should be not less 
than 1.5 in deep. 

" tn eoal mines with thick seams, “jiRger” stations are still occsaioiially employed. A conical 
depression is drilled in the roof with a pointed steel bar, the other end of which has a device tor 
holding a plumb-bob string exactly at the renter of the hole; also a clip holding a paint brush with 
which to describe a circle around the station. 

Plugs should be of soft wood, preferably turned in a lathe, from dry stock, rather than 
whittled from wet wood; the diiy plug is less likely to drop out. Some surveyors soak 
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|dugi in creosote, to prevent decay. Still greater permanency can be secured by using 
plugs made of soft lead. Plu^ should be so proportioned to the size of the holes ttot they 
will drive in snugly without mashing, and be flush with the roof. 

Spade. The design and composition of spads in general depend upon the importance 
and permanence of the survey. In a wet mine, especially if sulphur be present, a plain 
steel spad will not last more than a few weeks; a soft-iron spad will last a little longer, but 
nothing will resist ultimate corrosion but copper, brass, bronze, zinc, or chrome-steel. A 
spad should be so designed as to insure that a cord of any size, at any time, will be oblig^ 
to hang in exactly the same position. A spad in the form of an open hook is better than 
one having an eye, because it facilitates the hanging and unhanging of the plumb-bob. 


The cotnmoniwt varieties of spads are (Fig 1): (o) Screw-eyes of iron or brass; an iron screw-eye, 
with a large eye, is objectionable because rust may prevent the cord from hanging always from 
the same point, while one having a small eye is generally too short on the screw end to hold flrmly 
in the plug, (b) Staples and screw books; open to the same objections as screw-eyes, (c) Finish¬ 
ing nail, with the bead bent to form a sharp book; excellent while it lasts, (d) Flat-headed wire 
nail with a notch filed in the edge; gives accurate position, but it is not easy to adjust quickly the 
length of a plumb-bob cord when setting up transit. This drawback can be overcome by carrying 
a short pic'ce'of cord with a loop in its lower end. through which the bob cord can he passed; the 
upper end is wound around the noil, (e) Horse-shoe nail, with head flattened, and a hole punched 
or bored through it; very satisfactory, but subject to corrosion. This spad is improved by making 
the hole triangular, point down, either 
by filing, or by using a triangular punch 
made from a file. The long point of 
the nail should be cut off, leaving a 
total length of 1.5 in. (/) Flattened 
horeeshoe nail with a notch sawed or 
filed in edge of head; if sawed, the slit 
should be made wide enough to allow 
for rusting, (g) Montgomery's spad, 
sold by survey supply houses, has the 
advantage of accurate centering and 
easy manipulation of cord; could be 
improved by making it of brass, or 
Cr-Ni steel, instead of soft steel. 

(A) Specially designed spnds, as used 
in the anthracite fields, cast from 
copper, brass, or zinc, are extra strong 
and durable, even in acid water. 

Tinned iron spads of the same design 
are serviceable, (i) Loop of fine copper wire (No 28 B & S) inserted into a l/i 8 -in hole, bored 
by twist drill, and held up by inserting a shoe-peg; limited to soft roofs, and is not durable nor 
easily manipulated. (;} Floor spad, as used in the Baltic and Champion copper mines, is made 
from a 3>in wire nail, by drilling an axial hole through the head, large enough to stick a match 
into. The nail is driven flush into a tie, a match inserted into the hole, illuminated by two candles, 
and used as a sighting point; subject to the drawbacks of all floor stations, and is specially 
unreliable when placed in a track-tie. Ik) A boiler rivet of convenient size and length, split 
pairt way by a saw, makes an excellent floor station for chambers so high that roof stations gre 
impossible. A hole is drilled in the sohd floor, the rivet is inserted, with a steel wedge to spread 
it, hammered snug, and the point marked in the head with a center-punch. (1) Spad used at 
Broken Hill South mine, NSW (19), is a strip of braes, 1/g by 8/4 by 3 in, with notched edges and 
beveled lower end, through which is a rounded triangular hole, point down; the spad is held in a 
1-in hole about 4 in deep by ramming with slightly moistened neat cement, which sets hard enough 
for use in 15 min; outer end projects only slightly and is well protected. 




Fig 1. Varieties of Spads 


Stationg gre marked most frequently by red or white paint, applied with a 1-in round 
bruah. A amall paint container, holding only enough for one day's work, should be car¬ 
ried, as the paint quickly becomes dirty. The 1-lb carbide container of an acetylene 
lamp, having a tight screw cover, is excellent for this purpose. Water, mud, or dust 
should be cleaned from the rock before applying the paint; for this, the flat bristle brush 
used for cleaning sinks is serviceable. A system of marks will prevent confusion of spads; 
thus, circles for transit points, squares for benchmarks, crosses for line points, etc. The 
number of the station may be painted near it, or it may be stamped with steel dies on a 
tag made of sheet copper, lead, brass, or zinc. When a tag is used, the spad should be 
driven through a hole in it, rather than to hang the tag from the spad by a wire. 

Systematic numbering has many advantages, though some important mines number 
stations serially in order of setting, and maintain a reference index to identify them. 
The advantages are; (a) Knowing where to go to find a station having a given number. 
(b) Knowing where you are by the number of a station-, this also simplifies the notation 
of samples and assays, (e) Being able to identify a station even if its tag or painted 
number has vaniriied. 
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The syetem must be adapted to the particular mine. In general, it is a good plan to 
reserve 100 or 1000 numbers for each level; if the workings extend in two general directions, 
odd numbers may be given to tlie stations on one nde of the shaft, and even numbers 
on the other. The numbwing of stations by their coordinates has been suggested (1), witii 
a letter or Roman numeral to indicate the level. This involves delay until the coordi> 
nates have Ijeen computed, and the use of unwieldy numbers in the notebooks, 

2. ILLUMINATION 

Of sighting point, (a) By candle or lamp held in back of a translucent screen behind 
the pluml>-bob string. A screen of tracing cloth is good in a dry mine; in a wet mine 
oiled paper or silk is lietter. The fabric can most conveniently be stretched smooth by 
a pair of embroidery hoops, of about 4-in diameter, (b) By acetylene lamp, having a 
3-in round reflector, or a special reflector with a white enameled face made for this pur¬ 
pose. When using this light, no translucent screen is required, as the 
reflector gives a bright background, (c) Special lamp targets, burning 
either lard oil or acetylene, used only in connection with the three-tripod 
rnethod of traversing, described later, (d) Plummet lamps, burning sperm 
or lard oil. These are so constructed (Fig 2) that the point of the 
t>ub, and the wick, hang accurately below the station. The hook 
may be hung directly in the spad, or from a piece of cord, by which 
ii.s elevation can be adjusted. W'ith long sights in a clear, still atmos¬ 
phere, the flame affords an excellent sighting point; with shorter sights, 
the wick tul>e is bisected. For surve.ving in gassy coal mines, a plummet 
safety-lamp has been made on the same principles, (e) Specially 
designed “backsights” of various forms are in use in many mines, their 
purix)sc being to economize the services of a man to hold the light. 
Probably the most satisfactory mechanical backsight is a light tripod, 
supporting an acetylene lamp, which can be quickly set behind the cord 
of an ordinary pluml)-l>ob. Instead of a lamp a candle sconce having 
a translucent screen is often used. 

Of cross-hairs. With short sights against an illuminated screen, and 
even with long sights against an acetylene lamp, no special illumination 
of the cross-hairs is necessary. When illumination is required, the 
oblique annular reflector supplied by all instrument makers, for attach¬ 
ment to the end of the telescope, is entirely satisfactory. A similar 
reflector can be improvised by curling a visiting card and putting it 
into the front of the ordinary transit sun-shade. Interior reflectors, 
receiving light through a hollow trunnion of the telescope, are not 
Fig 2. Plun^ntet I'C'Commended, owing to their partial interference with line of sight. 

Lamp Instrument readings are generally made with whatever form of light 

the surveyor carries. Compass readings must be made with a candle, 
or. a copper lamp. Electric flash lights are convenient for reading verniers. Instru¬ 
ment makers sell a combination electric lamp and magnifying lens for this purpose. If 
a plain lens is used, it should have a metal case, not celluloid or rubber. For all-round 
use nothing excels an acetylene lamp, with spherical reflector. The objection of some 
surveyors that an acet.vlene lamp, especially of the larger sizes, does not leave tiie hands 
free to operate the instrument, can be overcome by hooking the lamp on a tripod leg, 
or in a button-hole or collar of the coat, or on a strap around the neck. 

3. TRANSIT MOUNTINGS AND PLUMB-BOBS 

Tripods. For underground work, tripods having extension legs are a necessity. The 
clamps and rings should be extra loose, to allow for swelling 
of the extenmon piece in the mine dampness. The steel 
points of the legs should be sharpened from time to time, 
for working on inclined rock floors. Short tripods, allowing 
the.penter of a transit to t>e set comfortably within 30 in of 
tfafloor will be found convenient under low roof. For extra 
low set-ups or in awkward places, ias in a timbered stope or 
a shaft tottom, a trivet (Fig 3) can be set on a firmly 
faetenod plank. 

Bracket. In timbered drifts, where a tripod would be in the way of traflUc, and in 
oijastricted places where no trip^ cai; be set, the bracket shown in Fig 4 is useful. A 
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sound and firm timber must be selected; a hole is bored horisontally at the proper spot, 
and the bracket is screwed snugly into place with a steel bar fitting through the Wle pro- 
■ Tided for that purpose. The screw-plate is then leveled roxighly by the clamp joint, the 
transit is screwed on, leveled accurately, and brought exactly under the point' by the slid¬ 
ing head, the station having 
previotudy been fixed with 

this operation in view. I ’Tw ■ I 

Flumb-bobs. In draughty J j | 

workings heat'y bobs, weigh- iB*——" i^_ 

ing 14 to 18 os, should be 1 ^ ) f \ w 

used. The instrument bob I ^4n \ § \ S 

should preferably be of the \ fill ^ \ / \ I 

shape shown at a, Fig 5, with |J <l] ^ \J \1 

a fine point. For sighting i|r {I I ,^335^ ^ * V# 

bobs the shape shown at b is I b W 

better, aa the upper end gives ^ 

a more definite point to ol>- Ii^g 4 Transit Bracket Fig ,5. Plumb-bobs 

serve on inclined sights when 

reading vertical angles. Bobs with interior reels are unreliable in underground work, 
where the cord soon gets wet and dirty; neither are they necessary. 

Plumb-bob cord should be braided, not twisted, to avoid spinning of the hob, and 
raveling at the end; for the latter reason cord having a tubular weave with a core is objoc- 
tionatde. Linen is better than silk for underground work, because a wet knot is easier 
to untie. When a cord acquires a permanent knot, discard it. Adjusting devices of 
wood, leather, or buttons, tend towards inaccuracy and serve no useful purpose; a sliding 
bow knot can be tied in a second, untied by a single pull on the loose end, and readily 
adjusted with one hand. 


Fig .5. Plumb-bubs 


4. MEASURING HORIZONTAL ANGLES 

By compass. Owing to the omnipresence of steel rails, pipes and cables, trolley wires 
and electric lighting and signaling circuits, in modern mines, the compass can seldom lie 
relied upon for direct observation of bearings. For accurate work, also, readings to the 
nearest quarter-degree are not close enough. For less important work the compass can 
be used for reading an angle by noting the liearings of the two lines roi verging at the 
station, and computing it. Local attraction will not affect the accuracy of an angle 
reading made in this manner. Correct bearings are then computed from the angles, on 
any desired meridian base. The amount and direction of magnetic declination is imma¬ 
terial, and need not be set off for underground surveying, unless the compass is being used 
for supplying details, as in a stope, which are to be tied to an instrumental survey based 
on true meridian. 

The hanging compass (Fig 6) has great utility for traversing through tortuous chutes, 
or irregular stopes. A strong linen cord is stretched from station to station, which may 



Fig 6. Hanging Compass Fig 7. Brunton "Pocket Transit” 


be merely of temporary character, like a stick braced from wail to wfdl. Special brass 
lugs are provided for screwing into timbers, but a heavy nail answers as well, unless a 
compass reading is to be taken directly under the station. The compass is then hung at 
any convenient point on the cord; if the cord is inclined, wooden clips are provided to 
keep the compass from sliding. For reading angles, where local attraction is suspected, 
a special bulging appliance is provided, permitting the compass to be brought under the 
station, to read the bearings of both lines from the same position. 

The Brunton "pocket transit’* (Fig 7) is a magnetic compass designed for rapid work, 
usually being held in the hands while taking observations. The cover is hinged perpen¬ 
dicularly to the sighting axis, and has a mirror on its inner aide, on which a Mack line is 
scratch^ in continuation of the NS axis; the cover and mirror are pierced with two small 
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holea on this line, one near the hinge, the other neer the oppo^te ed|^. On the side 
opposite the hinge is n folding vane with a sii^tang slot. In use, the compass is held 
vertically below the eye, and below the station, ^e cover opened about 135**, the levd 
tube turned at right anises to the line of sight, and the sight slot lifted to the vertical 
position. Looking down at the mirror, the operator can then see the reflection of the 
forward slot and at the same time observe that the instrument is level: the compass is then 
turned until a beam of light from the other station is seen to pass through the stot and 
be bisected by the black line on the mirror. The needle is then read. Or the instrument 
is held on a level with the eye, with the lid open only 45*’{ sight through the hole near the 
hinge, and read the needle from its image in the cover. A similar instrument, the 
Vet^oyle ‘'i>ocket transit,” is preferred by some engineers. 

The transit is universally employed for accurate work. Any transit having a full 
vertical circle can be used for mining work involving no vertical angles over 60°, but 
where underground surveys of magnitude and importance are to be conducted regularly, 
it is advisable to have an instnunent^designed for the purpose. 

The special features of a mining tranut are as follows: (a) The construction should be sub¬ 
stantial. and not too light in weight, say not less than 12 lb (without attachments). In rough 
country, tor service both shove and below ground, and for subordinate surveys in stopss, etc, a 
light mountain triuisit is sometimes used, though the small sise of its circles and its lack of stalnlity 
, are drawbacks, (b) The horisontol circle should be of large diameter, 5 in at least, and should 
ivefsrabiy be graduated and numbered from 0* to 360" in one direction only. If gr^uated in 
both directions, the figures on the two circles should be inclined to right and left, to indicate in 
which direction the particular circle is to be read. Graduations should be marked with eztoa 
plainnr'M. (c) For very precise work, two verniers are desirable on the horisontal circle, reading 
direct lu singls minutes; finer graduations are confusing in underground work unless the verniers 
are provided with magnifiers, which are vulnerable points on a transit subjected to bard usage. 
Micrometer roadere are found on European mine transits, but are not favored in the 17 & The 
Verniere should be offset not more than 30" from the N~S axis, to avoid necessity of walking around 
tbs instrument to read it; also to avoid interference by side auxiliary telescope or its counterweight, 
(d) Compass may well be omitted from a transit intended solely for underground work; it is usually 
a waste of time to read it, though many surveyors rely upon it to check gross mistakes in vernier 
readings, and the transit can be made stronger without it, (e) Vertical arc should be a complete 
eircle, of same sise as the horisontal, and graduated from 0" to 90" and back to 0" in both direc¬ 
tions. Two verniers are advisable for the moat accurate work. The whole vertical circle should 
be enossed. Edge graduations offer advantages over the more common face graduations on transits 
likely to be used frequently at diflSoult or precarious set-ups, as they can be read without shifting 
position. (/) The level tube under the telescope should be extra long and sensitive, and so placed 
that both ends of the bubble are easily visible when level, (j) Striding level on the horisontal 
axis is recommended for accurate work; its sensitivity should at least equal that oi the telescope 
level, and it should be regularly employed at set-ups involving steep sights, {h) Eye-piece should 
be inverting, to secure better vision where poor illumination is the rule. A prismatic eye-piees is 
necessary for reading plus veriioal angles ol 46" or over, (t) Stadia burs are objectionable in a 
transit intended eolely for underground work. If they are retained, oblique hairs intersecting at 
the center end making an angle of 30" with the vertical hair are advantageous, as serving to identify 
the middle horisontal hair, and permitting more precise bisecting of a cord on short sights, 
O') Means of attaching an auxiliary teleecope at the aide or above the main telescope must be 
provided, and similar means for attaching the counterpoise. The auxiliary teleecope should have 
magnifying power nearly or fully equal to that of main telescope, so as not to add unnecessarily 
to the complications unavoidable when using the auxiliary, (k) A centering point must be marked 
vertically above the center of the instrument when the telescope is level; this should be fixed by 
the maker. <2) Illuminating reflectors to fit the ends of the telescopes are advisable, (m) An 
auxiliary lens to be attached outside of the objective, whereby sights as short as 2.5 or 3 ft can bs 
focussed, is often useful in shaft-plumbing operations, (n) Tbs interior focussing system with 
fixed objective, as supplied by certain makers, seems especially advantageous for mine transits; 
the telescope is permanently water-tight, its balance is not affected by focussing, and coUimation 
errors are more easily avoided. The slight loss in light transmission is compensated by a larger 
objective. 

Importgace of transit adjustments. While it is possible, by judicious duplication of 
readings, to make an accurate survey with a transit out of adjustment, time and worry 
can be saved by keeping it carefully adjusted; in fact, this is imperative if traverses are to 
be run by tire azimuth method. For methods of adjusting transits see Sec 17, Art 4. 
For underground work the most important adjustments are; (a) Plate bubbles, (b) Long 
bubble parallel to coUimation. (e) Vertical verniers to read 0" when telescope ia level, 
(d) Horisontal axis truly horisontal: this is particularly important because of the preva¬ 
lence of steep sights. A sensitive striding level attached to this axis is a valuable obeede 
on the. plate bubbles. 

Hf^ontality of transit axis becomes a most important consideration when taking 
steep sights. If i is deviation of this axis from horiz and a is inclination of line of sight, 
the error in the single reading of a horiz angle is closely ti: i tan at, which obviously may 
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be relativeljr large with ateep aighta. If lack of horiaontality ia due only to absence of 
paralleUam between thia axia and the upper plate, errors in horis angles can be fully com¬ 
pensated by doubled readings (tel48Cope direct and inverted); but if it is due to obUqoi^ 
between the two vertical axes of rotation (upper and lower horia motions) it can not be 
fully compensated by dbubled readings. 

OUiquity between vertical axes can be detbotbd in several ways (14); following are 
the simpleat. (a) Level the plate accurately by striding level or telescope bubble, leaving 
either one of the horia motions clamped; then loosen this motion and clamp the other; 
if the plate remains level throughout a revolution, the two axes are either coincident or 
parallel. (6) Sight telescope (not necessarily level) at a distant sharp point and clamp 
horia axis. With both horis motions loosened, slowly rotate the lower motion with one 
hand, while holding the upper plate stationary with other hand. If line of sight leaves 
the point, note the approx reading on the horia circle at which the max vert displacement 
of line of sight occurs. Dbtebmination of amount of obliquity between vert axes. 
Clamp upper plate at the reading approx corresponding to max divergence of the axes, 
as observed by method b, above; turning only the loiver motion, take reading on a level¬ 
ing rod held a known distance away and clamp horiz axis of transit; loosen upper motion, 
turn 180^ and re-clamp; turn 180° on the lower motion and read rod again. DilTerenca 
in rod readings divided by distance to rod is tangent of twice the angle of obliquity between 
vert axes; it is recommended (15) that this angle shall not exceed 4 or 5 sec in a transit 
intended for surveying steeply inclined workings. 

Setting-up transit. The practice of transferring a roof point to the floor, and then 
setting over this point, should be condemned. It introduces inaccuracies, wastes time, 
and is more trouble than setting under the roof point. Hang the pliunb-bob so that the 
cord falls under the center of the spad, not tangent to one side of it. Set the vertical 
verniers at 0°, to bring centering point into the vert axia of the instrument. Move the 
tripod under the plumb-bob by shifting and extending the legs, keeping the head of the 
tripod fairly level and centered approximately under the point, regardless of the transit 
itself. Level the transit roughly by plate bubbles, adjust the plumb-bob until its point 
almost touches the centering point on the telescope, and observe the direction and dis¬ 
tance by which they fail to coincide. Loosen all leveling screws by the same amount, 
and shift the transit on the tripod head, without turning it, until the points coincide. 
Tighten the screws, and level accurately by means of the long bubble and striding level. 
It may be necessary to repeat the shifting operation once more. If transit has 3 leveling 
screws, set one plate bubble parallel to 2 screws; this bubble ia then controlled by turning 
these screws in opposite directions, while the other bubble moves when the screws are 
turned in same direction. 

Methods of traversing. The manipulation of the transit, and the several methods of 
traversing, have been fully described in Sec 17, Art 11. Much uncertainty can be avoided 
by adopting an invariable rule for observing and recording all angles, whether exterior, 
interior, acute, or obtuse. It is recommended that angles be read always clockwise, sight¬ 
ing first at the backsight, and invariably recording in the eame maimer as read. The 
record that the angle 8-9-10 is 178° can then have but one meaning, namely, that the 
transit was set on station 9, backsighted on station 8, and turned 178° to the right to 
station 10. If defiections or azimuths are read, instead of angles, it is understood that 
the recorded reading refers to the course indicated by the last two numbers. If by force 
of drcumstances it is more convenient to read an angle backwards, that is, in direction 
opposite to that in which the traverse has been proceeding, the angle should neverthelees 
be recorded as read; vertical angles, also, should be designated plus or minus, as read, 
leaving it to the oMce to compute supplementary angles and transpose signs into con¬ 
formity with a continuous traverse. 

Azimuth traverse. This is the method most commonly employed in underground 
work requiring only a medium degree of accuracy. For the actual process see Sec 17, 
Art 11. Advantaqss: (a) More rapid than other methods, (b) Simplifies office calcula¬ 
tion and plotting, especially when numerous side shots are taken to locate points off the 
traveim. (c) An error of closure in angles is discovered as soon as final course is read. 
DtSADVANTAaBs: (a) Accuracy of any one reading is limited to 30 sec. (6) Truisit 
must be kept in perfect adjustment by daily inspection, because instrumental errors are 
oumuiative. (TUs objection can be overcome by taking the backsight with telescope 
alternately direct and inverted, although, by so doing, each course will be distorted by 
the amount of instrumental error.) (c) If a closing angular error is discovered, there is 
no sore way to asrartain whether it is cumulative, or occurred at one set-up; nor, if the 
latter, at which one. The poasilnlity of checking a single error at a station is the only 
argument in favor of compass readings, but under mine conditions the compass is more 
likely to be in error than the olMerver. (d) Azimuth tiraverse is not readily applied in 
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its simpls form where' thwa are steep sights. Since the top telescope can not be sighted 
either up or down in its transited position, it beca«i^ neo^is^ in a steeplsr intehing 
azimuth traverse to ns* both tdeacopes at each station. This introduces possible errors 
of adjustment which would not Oeeur if both sights were taken with same telescope. Also, 
since faulty adjustinenta in general produce exaggerated effects on readings at steep 
inclinations, it is questionable practice to adopt any method for traversing under such 
conditions that does not permit compensation of instrumental errors so far as possible. 

Deflection traverse. The vernier being set at 0°, sight the inverted telescope at the 
back station with the lower motion; then erect, and bring by the upper motion to point 
at the station ahead. Record the deflection to R or L. Loosening lower motion, turn 
instnunent back to rear station and clamp. Invert telescope, and turn off tiie deflection 
again. Record the final reading, divide by 2, and call this the correct deflection angle. 
In this manner instrumental errors are compensated, and possible error of each individual 
reading is reduced to 15 sec. Mistake most likely to occur while traversing by this method 
is to confuse right and left on very small deflections. If the circle is grsMduated in clock¬ 
wise direction only, and deflections to left are recorded as read, the mistake is less likely. 

A plan reoommended by M. B. Evans (20) combines the arimuth with the deflection traverse 
and overcomes the chief weaknesses of both methods as follows: In starting a traverse, the vernier 
(continuous cirde) is set at the doubled asimuth of the first course, lees 300* when in the 3d or 4tb 
quadrant. At each set-up, the transit is manipulated in same way os for deflection traverse (but 
with no re-setting of vernier), and the 2 readings, compared with last reading at the preceding 
station, give 2 values for the deflection angle, of which the average is taken for calculating the 
asimuth of the course; this should check with half the final vernier reading (plus 180* when neces¬ 
sary). Besides increasing instrumental accuracy of the usual asimuth traverse, this method per¬ 
mits immediate discovery of a mistake in reading. 

Angle traverae. By the system of repetition the error of an individual angle reading 
can be reduced to almost any desired limit. For ordinary mine traversing two sets of 
four repetitions will give the correct angle with an accuracy greater than can be- obtained 
in the taping of distances, as usually practiced. Method of repeating angles is described 
in Sec 17, Art 11. Note precautions for recording angles, in previous paragraph on- 
"Methoda of traversing." The only drawback to this method for regular and extensive 
work is that it adds to the burden of office computation, which, however, is often wai'- 
ranted by the higher degree of accuracy attainable. 

If a transit is known to have obliquity between ite two vert axee of rotation, horis anglee involr- 
iag steep sights can be read with fair accuracy by following method; Clamp lower motion approx 
in the position it will occupy when first taking the backsight; center and level accurately by etriding 
level or telescope bubble, while rotating only the upper motion; take a set of repetition readings of 
the horis angle, with teleseopee erect and inverted. Then turn the lower motion about 90* from its 
initial position and clamp it; re-center and re-level with the upper motion only, and take another 
compensating set of readings; average of the two seta should be close to the correct angle. For 
more predae methods for minimising or correcting the effects of obliquity eee Bib (14). 

Thrae-triped method requires the use of specially constructed interchangeable transit and two 
targets. Vertical spindlwof the transit is inclosed by a thimble which fits into a socket in the 
leveling head, and is held inhere by a clamp and a spring plug engaging a groove on the thimble. 
Sidadlea of the targets fit the same eocket, and the center of the target is at the same height above 
the levding head as the heater of the transit. The target standard carries a poir of level bubbles. 
The method of traveiaing is ae follows: While the transit is being set up, an aaeistant acts one 
target accurately under the forward station and one under the back station, the leveling head being 
■et level by the bubbles. The instnunent man then reads the angles with at much repetition as he 
deeires, while his helpers art otbwwise occupied. Tapings are made from the eide center of the 
telescope to the side center of tiM target. The transit and the forward target are then interchanged, 
above the leveling heads, and rear target and tripod are set up at nest station ahead. After the 
interchange, it is advisatfle to teat for centering, and for level. Advaktaobs: (a) applicable to 
large and high chambers where roof etatione are not feasible; (b) saves transit man's time in setting¬ 
up: (e) allows assistants to be enfaged in taping, plotting, note-taking, or otherwise, while instru¬ 
ment man is reading anglesj (d) permits a degree of accuracy in angle reading limited only by the ' 
meo^nical perfection of the inatrument and the personal error of the observer; (e) eliminates or 
reduces liability of error in aetting-up, in measuring inclined distance, H I and H S (Art S), and 
in reading vertical angles, since all these measurements can be repeated under ideutieal conditions 
during backsight operations, when a failure to cheek will be noted. DbawsaCxb: cost of the 
extra apparatus, and labor of transporting it. For routine surveying in email mines the refinements 
d method are unnecessary, and it is used in only a few locidities in the tJ S. 

8 t«ap aighti. For aightiRg at an. an^e exceeding 60^ either up or down, when the 
line of ^fflit of an ordinary^ transit would be intercepted by the horizontal plate, three 
espedimits are availablet Auxifiary telescope; prismatio telescope; eooentric tdleecope. 
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A i u rili > f y t^cMeepe ioof. be mtta^ed either to the ri|^t-haod end ot .the horisontal 
axis, or to A lug on top of t&e jtnun'tiMecope. A oonnterwwil^t is attached td the opposite 
pdnt to prevent distortion and unbalancing (Fig 8). 


The awdUsry ie eometimes described as an “int««huigeable'' telescope, but this does not kuean 
that it should iw interchanged, front aide to top or vice versa, at a given aet-up, with t8e idea ol 
saving the eidoulation of angular corrections. Under conditions requiring ita use it is not easy* 
after eetting up, to adjust this teleecope with the necessary precision if it is to be depended upon 
for the single reading erf either a vert or a horia angle, and the diffiiculties are multiplied if two eets 
of adjustments have to be made. Therefore, it is much eafer to let the auxiliary tpmain in the 
same place while reading both horis and vert 


angles. Also, becavue of the exaggerated influence 
of certain maladjustments in the transit itself upon 
single observations made at steep inclinations. 



some method of duplicated readings (direct and 
inverted) should be followed, in order to compen* 



sate unavoidable instrumental errors. This requires that tbe auxilia^ be at the aide, sinee 
a top telescope can not be sighted while in transited position. 

The following aniCsraiiiMTs of the auxiliary telescope must be tjpp|igd’irith pgee^ angles 
are to be meaeured by single readings; if compensating observatione^wie w be madei;‘ tbe adjustment 
becomee largely a matter of convenience only. . . > / 

. To bring the two linee of colUmation into the same plane: After soniving on the auxiliary anugla^ 
sight the main teleacope at some sharp point and bisect it carefully. Then, ujth its capstan tan¬ 
gent screws bring the auxiliary to bisect the same point, with ita vertical hair if above the main 
telescope, or with its horiaontol hair, if at the side. This adjustment must be made every time tbe 
auxiliaty ia mounted. 

To the two lines of sight parallel: Determine tbe diatatuse between eenten of tbe tde- 
acopes, by dkeet measuring or by marldng the two Imea of sight against a wall 8 or 10 ft away. 
Set a rule, a leveling rod, or a piur of accurately spaced marks, at % distance of 200 or 300 ft, and 
ahift the eruHhhaira the auxiliary until the correct epaoe ia intcreepted by the two Unee of eight. 
It sboi^ not ,be neesasary to repeat this .adjustment except at inte^ais. 

Tfqi. '^en the auxiliary » placed on top of the ouiiU tdeaeope, horixontal 

ai4dag^ Ittd auQiatha, are read directly on the vernier, aa uauaL Vertical ani^eg mugt ba 
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oorrected in th« manner ahown in Fig 10. The ainfnii^t the eorreoiton, o, ia obvhmaljr 
that angle whoae aine ia eqvat to the diatance fae^een’^teteBoopea, e. divided the ineliaed 
distance, d, as taped from the hciriiontal axis of the transit to the point a^^ted. '^.If the 

an^'e ia negative, the correction, is sub¬ 
tracted from the angle as read; if the.angle 
is positive, the correction is added. 

Side Mescope. 'When using thia vert 
angles are read directly, as usual, la the 
single reading of a horix angle, or azimuth, if 
the backsight is taken by the main telescope, 
it is obvious by reference to 1 ig 11 that the 
correction, p, is that angle whose tangent 
is c divided by the horiz distance k to the 
point sighted; this* horiz distance, however, 
is equal to the taped distance d multiplied 
by the cosine of the vert angle. That », 
(an p c'-i- {taped diatanee X eoa vert angle). 
If the auxiliary is on the right of the main 
telescope, and if the angle is read clockwise, 
the correction must be added td the angle 
as read. If the side telescope is used for 
both backsight and foresight in the single 
reading, of a horiz angle, the correction for 
Fig 10. Correetion for Vertical Angles each sight must be computed separately; 

from the angle as read (Fig 12) first sub¬ 
tract correction fii, for the backsight, and then add correction P% for the foresight, the 
auxiliary being on the right, and the angle read clockwise. 

The reading of horiz angles with the side telescope can be much simplified, instrumental 




errors compensated, and all computation of corrections eliminated in the following man¬ 
ner: Bisect the backsight with either the main or the side telescope, turn the angle and 
bisect the foresight with side telescope; invert the telescopes and turn the angle again as 





Fig 12. 

hslore, without 
angle. Referring 
•m true angle — a -h 


orisoiital Angles; Both Sights with Side Telesoops 

Vernier at zero. One-half the final reading wfil be the true 
the first reading « true angle a — /9; the seiond lending 
:oe first reading -f eeeoiid reading « 2 X ^rae anglg. Saafisad 


df making the two readings separately, they me added automatioaUy <m the dz«le of the 
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trsiurit. There ie no object in obeerving or recording the first readme, since tins will not 
even approximate the true angle unions the horiz distances of the two courses happen to 
be about equal, that is, unless a ^ nearly. 

If an asimuth traverse is being run, and the use of the auxiliary telescope is only occa¬ 
sionally required, the angles at such set-ups can be quickly determined with the side 
telescope by the above method, the azimuth computed, and the traverse continued, after 
setting the vernier at the computed azimuth. 

Prismatic telescope. By placing a mirror or prism, which will reflect the line of sight 
by 90°, on the objective end of the telescope of an ordinary trtmait, boris angles of steep 



sights may oonvraiently be read directly on the horizontal circle. The reading of vert 
angles by this means involves two difSculties: (a) the reflection may not bo eximtly 90°; 
(b) the movement of the objective, for focussing, altera the degree of eccentricity and 
thereby tire amount of correction to apply to the reading. The Bausch A Lomb prismatic 
telescope (Fig 14) surmounts both difficulties; first by its “penta-prism,” so constructed 
as to cause an invariable reflection of 90°, and second by its interior focussing device, 
which renders unnecessary the moving of the objective. The prism may be attached to 
the main objective, or to a side objective mounted at the right-hand end of the horiz 
aads, which is hollow. In the latter case the line of sight is reflected a second time by a 



Fig 14. Bausch A Lomb Prismatic Transit. 
(Sec Fig 9} 



smaller prism which can be inserted, when desired, into the optical azu of the telescope 
by turning a milled head on the left-hand end of the axis. 

Adjaatments and corrections. Prism <m main objectivo. Before attaching the prism, sight 
the telsseopeon a sharp prnnt at as great an angle as possible above or below the Wanrit point, and 
biaect accurately with the vert hair; the vert axu of the transit remaining clamped, attach the priam 
to the end of the teleeoppe, bring the point again into view, and means of ka tangent ecrew turn 
tile i»fam until the point is again bisected by the vert hair. Hons angles can then be read directly. 
The reading ^ a vert angle by this nmthod involvee two compntfhtldBS Fig 15). Angle 
8 ■■ 90^ — d, 1 ^ hex the sign odpoeite to that of the angle fi as aetueny^read. True vert amde 
v ■« oi ^ S, and Hn i • d. If the backrigbt, for example, i* steeply inclined upward from the 
Inetruamt atation,'aiiii this feresigot downward, it is more oonvenient to invert tho teleooqpe for 
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the baekaicbt «nd nad the hoeia defleetion, than to read the actual angle, which would Inyolve 
adjuatment ol the itriain for each aight. 

Priam on aide objective. Sight the teleecope on a aharp p<dat, and Uaeot aoouratdiy witii the 
horia hair. Attach the priam to the aide objective, and bring ^ interior priam inio-poaitioo. 
Turn the former by ita tangent aerew until the pmnt ia again biaected. Vert anglea can now be 
read directly. H«»ia anglea are eorreeted, or correctiona |aay be avoided, in predaely the aanw 
manner aa with an auxiliary teleecope. 

Bccentrie teleacope. Several American manufaoturera until recently made apecial tranaita on 
which the main teleacope waa permanently, or could be temporarily, offaet &om ita central poaition, 
thoxigh etill awinging in anme vert plane. They have been diacontinued, mainly beoauae, like the 
top auxiliary teleaoope, they could not be uaed for compenaating (direct and inverted) readinga. 

Fig 16 ahowa two types of transit with permanently eccentric teleacopea. A, the Whitehead 
double>t(3eaeope theodolite, by E. R. Watts A Son, London, has given excellent service at the 
Ooregum mines, India, where vert anglee of over 80* are common; ita usefulneaa is obviously not 
confined to ate^ aighta. B, by Otto Fennel SShae, Caaael, Qermanjr, repreaeata a type often 



employed in Europe, for general work aa well aa for that involving steep aighta. For reading hcris 
anglea with type S an eocentrio target may be used, or the compensation method Uluetrated in 
Fig 13 may be followed. 


6. MEASURING VERTICAL DISTANCES, LEVELING 

In moat metal mines, and in many coal mines, vert distances and elevations are 
obtained by computation on the basis of vert angles; the leveling method is sometimes 
used, but even then the leveling is often done with a transit. Whwe muph leveling has 
to be done, it is advisable to use a Y>level, because in important mine i^oblems the 
respective devations of various points diould be known with no less accuracy than their 
Iwrisontal coordinates. 

Computation from vort anglos. Anglea below the horis are called negative, and thoae 
above are called positive. In Fig 17, if t is the taped distance from the center of inatru- 
ment at A, to the piant sighted B, and a is the vert angle, with its appropriate sign cai6> 
fully noted in the field, then the vert distaiice ia: s i* (rinct, tad takas the iamosigp as a. 
The height of insriument, H /, or t, is the vert distance from the center of instrumebll 
vy?) io the bpttom oi the spad, imd height of sight, H 8, or s, iH the 'corresponding die* 
ttaes from the point sighted at up to its spad. Th* (hfference in etev between the two 
^pods,, d, is time the a^hrmc sum: dm + t — idetv. That is, when tite vert angle is 
posithrs. add v to « and subtraotwhen tito an^e is native, add «to i, and subferaet $i 
Samd^oa a negative angle wiQ be read, while the acriud difference hx elevfetion.ii pioaiti\*» 
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fUBd vice Tenm, but if the aigebraio signs are kept finnty in mind, no confusion will xesult. 
Knowing the etev ot A, the dev of B is computed by the invadable rule: EU B » 
El A ~ t sb V + s. In practice it is usuaUy more accurate, and involves iMit little more 
office labor, to read vert angles to a definite point on the tdomb-bob string (say, the top 



Fig 17. Computation of Elevations from [Vertical AngleB 


of the plumb-bob) just as they come, rather than to attempt to set the sighting point at 
the same distance bdow its spad that the instrument is below its point. The H I and H S 
are read with a rule, or with a pocket steel tape graduated to feet and hundredths. In 
measuring the H1 ot b transit it is customary to tape obliquely from bottom of spad to 
the center of the end of the 
horis axis; this does not intro¬ 
duce much error unless the 
distance is short. The accom¬ 
panying table gives the cor¬ 
rections to be subtracted from 
the oblique distance as mea¬ 
sured on a transit of which 
tile end of the axis is 0.25 ft 
from the center of the tele¬ 
scope. 

Clinometer (Fig 18} is a cximpanion instrument to the hanging compass (Art 4), being 
hung on the same cord before or after the compass has been used. The bob is attached 
to a fine black hair, which is fastened at the center of the arc. Owing to the catenary sag 
of the cord, ancl the weight of the clinometer itself, two readings must be made, equidis¬ 
tant from each end, and as close thereto as possible, and the average taken. If tiie elope 
of the cord is not over 10°. a single reading at center of span will give the correct angle. 
Although not an instrument of precision, the clinometer is useful for subordinate surveys 

through tortuous, steep, or narrow openings, and in 
stopes difficult of access, its readings being at least as 
accurate as those of the compass with which it is usuaUy 
associated. 

Brunton "pocket transit” (Art 4), when used to 
measure vert angles, is operated tiius: Open the slotted 
sighting arm to its fullest extent, turning up its hinged 
end, containing the sighting hole; also open the lid 
about 45°. Standing under the station, hold the body 
of the instrument vertically and sight through the hole 
in end of slotted arm, and through the round hole in 
edge of lid close to hinge, to a light at the next station; 

Fig 18. Hanging Clinometer At same time move the indicator arm carrying the 

levd vial until the bubble, as eeen in the mirror, 
registers horis. Then read ,ithe vernier on the graduated end of the arm. Many other 
types of hand clinometers, as the Abney, are just as satisfactory for underground as for 

surface work. 

1 

Frismstie and eccentric transits. The use of these instruments for rending vert an^es k 
d«eribed.in Art 4, in connection with horis angles, since the correction of one angle usually involvae 
tiw reading of the other. 

Ddteniiiiiatioa of vert anises by transit Since vert angles can not be repeated, in 
the same manner as horiz, they must be duplicated and averaged. Every vert angle of a 
traverse of any importance should be read at least twice, once with the telescope normal 
and (ktee with it inverted, and the average taken, in order to diminate sero error of the 
vert vamier. For uoaportant work it is advisaUe to read both verniers, in both positions, 
and taM the aver of the four readings; this further oompensatee any eoeentrieity error in 
the vert orela. 



Corrections to Subtract from Oblique Measurements of HI 


Oblique 

distance 

Correction 

Oblique « 
distance Correction 

Oblique „ 
distance Correction 

0.6 

0.091 

1.1 0.026 

1.6 0.012 

0.7 

0.066 

1.2 0.022 

1.7 0.011 

0.8 

0.050 

1.3 0.019 

1.8 0.010 

0.9 

0.039 

1.4 0.016 

1.9 0.009 

1.0 

0 032 

15 0 014 

2.0 0 008 
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While traversing by repetition angles, or by double deflections, no time is lost by rending vert 
angles with the telescope in both positions. On an asimuth travene. the only oheok is to read the 
vert angle on the baoksight as well as on the foresight, making two complete sets of .readings of 

taped distance, the H /, and the H S. This checking of an asiniuth 
traverse oaii be siitipliii^ by adjusting the H S ti, both foreeif^i and 
backsight to correspond with the H I aX instrument station, ^though 
this practice is not altogether recommeflded tar the more preciee metho4b 
at traversing. The auxiliary telescope, when attached to the horis axis, 
gives vert angles direct; when on top of main telescope, a correction 
must be applied (Art 4). 

Uadergroand leveUng is performed in a manner the reverse 
of that employed on the surface. The sero end of the rod is 
pressed upward against ilie bottoms of the spada, or other desired 
points; backsight readings are thus negative in sign, and foresight 
readings are positive. (Compare Sec 17, Art 18.) Eiev of a 
point on the floor is obtained by holding the rod right end up 
and recording the reading as negative. 

Form of notes end method of cuuiputing elevations are otherwise 
exactly like those used on surface work. A selbreading rod can not 
usually be employed, unless the air ie clear, the sighte short, and a 
strong light la available. The target for underground eervice should 
have a V 4 -in hole and a l/a-in slut cut on the horis line, behind which a light is iield (Fig 19). 
A 3-ft rod, extending to H ft, is convenient for mine work. Hooks or other devices for hanging 
levying rods from survey spads, to relieve the labor of holding the rod in inverted position, are 
open to criticism since a epad may be dislodged by a weight for which it is not designed. 



Fig 10. Underground 
Target 


6. TAPES AND TAPING 

Underground oonditions require a tape to be light in weight, because measurements 
ore usually made with the tape unsupported between the two points; strong and durable, 
to withstand unavoidably rough treatment and sometimes acid water; and its numerals 
to be as large and distinct as possible, to avoid mistakes of reading in a poor light. 

If the graduations are marked on copper or brass sleeves, these should be soldered in place, 
as well as clamped, to keep the water out. Riveted aleeves are not recommended. Nickel-fdated, 
broiute, and stainless steel tapes are most resistant. A steel tape, plated with white metal and 
having its graduations, at every foot, stamped on thin bosses of babbitt metal, is on the market. 
Tapes shoi^d be standardized fur a constant pull, say 2U lb, and for^constant temp, say 62° F. 
It ia seldom necessary to apply corrections for temp, because mine temperatures are fairly constant, 
although not necessari^ corresponding to the standard temp of the tape. Temperature may, 
however, become a noteworthy factor in correlating surface and underground surveys.' For cate¬ 
nary and temp corrections sec Sec 17, Art 11. It is rarely possible in mine surveying to tape a dis¬ 
tance exceeding 300 ft, and for general purposes a length of 100 or 200 ft is satisfactory. A clamp 
handle for gripping the tape anywhere along its length adds td convenience as well as to the accu¬ 
racy of the work, besides avoiding sharp bending of the tape. 

Grtduationfl are commonly at 5-ft intervals. Exact distances must then be ascer¬ 
tained by marking on the tape with a pencil, or by holding the thumb-nail on the point, 
and measuring to neare.st 5-ft mark with a pocket tape., This is troublesome, and likely 
to be inaccurate. The diflioulty can be le.ssened by having the zero mark of the tape 5 ft 
from the end, the outer length being graduated to single feet. The foresight man then 
holds the nearest 5-ft mark at his point, and the transitfhan measures the exact distance 
with a 6-in rule, graduated by hundredths from 0 to 0.5 ft on one side, and from 0.5 to 1.0 ft 
on the other, for con^'enience in reading in either direction to nearest foot-mark. Inaccu- 
r^es in reading can be best overcome by using a steel ribbon tape graduated to feet and 
hundr^ths throughout. These are more exiiensive than fiat-wire tapes, and require 
more cautious handling. Practically the same convenience is secured with a cheaper 
tape graduated only to single feet, and having an extra foot at one end graduated‘to 
hundreefths backwards from zero point. 

Taping practice, ' Distances should ordinarily be taped along the line of sight, from 
the center of the horis axis to the point sighted for reeding the vert angle, usually the top 
of the plumb-lx)b. An exception is in the case of nearly horis drifts, where ele'i^tions 
are sub^uently to be obtained by leveling; the tape may then be stretched on the floor. 
At Cerro de Pasco (30), where elevations are determined by leveling wherever possible, 
the unsupported tape is stretched horisontally by noting, on the cord of the sighted hob, 
the level with the transit; this,'makes measurement of vert angle, H J, and H 8 
uapi^lmsstHy, and leaves the telescope in the correct position tor the next set-up. ~ Ppr 
f^|j||ijippbrted taping, a steady pull of 20 ib should be given, a spring balance being uied 
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uptil the operaton become expert et judging the pull. For lurveye tlamundlng h«g h 
accuracy, and permitting or requiring taped dietancea much in exceaa of 100 ft, the cate< 
nary correction for the tape ueed should be ascertained by referring to accurately eetab* 
lished reference points. In general, taping as usually practiced is more subject to error 
than an^e. reading and, especially if there are long spans, the error tends to accumulate. 

Tape reels for underground work should be larger and stronger than for surface work. 
If the type shown at a. Fig 20, be employed, for a ribbon tape 100 ft long, the reel should 



have a capacity of 150 or 200 ft, to prevent clogging by dirt. Type b is preferred for long 
flat-wire tapes. Type c is as simple and satisfactory a reel as haj|i4fei^ devised. It is 
made of sheet metal, preferably tn-ass; in tlie turning of the si^uld^^n the spacers, 
plenty of metal should be sdlowed with which to form the riveted , &e two wooden 

handles should be fastened by screws to prevent them from tw^pg^^jn^e the ferrules 
and wearing small enough to drop out. A reel of this type, of 1K) in djitmeter and 2 in 
width, will hold 500 ft of fiat-wire tape. Ho much of the tape asi||^j|(g needed for con¬ 
stant use is tied to the reel by cord or leather thongs. 

Care and repair of tapes. Tapes used underground should be cleaned, dried, and oiled every 
day. When a tape breake, it is nut neecssHry to send it to the maker for repsire. Obtain a few 
pieeee of eoft sheet brass, about t/g in lung nnd of a width euffioient to wrap around the tape with 
a double lap on one side (V2 in is about right fur a flat-wire tape). These 
pieces are tinned on one side, and then folded as shown in Fig 21. 

Straighten and dean the broken ends of the tape, apply tine chloride 
solution, and tin with a soldering iron for a distance of 1/2 in on both eldce 
of the break. Fit the broken ends closely together lueide one of the brass 
sleeves, dose the latter with pincers or by hammering, apply more (lux, 
hold a hot soldering iron on the sleeve until the solder flows, add a little 
more solder at the ends of the sleeve, and finally wash oil carefully any ezrcee of sloe chloride, to 
prevent rusting. A neater job can be made by cutting out the S-ft length in wj^ch the break 
oocnired, and inserting in its place a 5-ft length cut from a-i old tape, then etamiffiql the figures on 
Um new Sleeves. This plan avoids multiplicity of braes eleeves. 
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By offsets. This method is best suited to rooms, entries, drifts, and narrow stopes. 
While the tape is stretched between stations, either before or after the distance has been 
measured, lay it on the floor in a straight line approximately under the two points, with 
the sero end preferably at the instrument. At every 5- or 10-ft mark, or at any other 
intermediate points opposite salient features of the walls, such as corners of pillars, chutes, 
etc, measure thb distance at right angles from the tape to the walla on both sides, using 
a rod,« rule, or a linen tape. 

If the object of this work is to compute excavsted volumes, as a basis for payment of wagM, 
for example, the widths should be read to the nearest tenth of a foot, and considerable care sliould 
be exercised to measure at right angles to the line of the traverse. For less important work, mea¬ 
surements need be only to nearest foot. If all offsets are measured at about waist height, errors 
due to irregularity in the walls will compensate themselvea in the long run. The readings may be 
plotted immediately to scale on the right-band page of the note-book, which should be ruled coordi- 
natriy, with a eenter.Iine corresponding to the line of sight. Or the readings may be recorded to 
the right and left, opposite their appropriate points on the eentw line. Another way is to record 
tbereadings tbua: fiO >/{, meaning that-at the 50-ft point the right wall was 3 ft and the left widl 
ft from the fine. Distances to roof and floor are taken at instrument points by direct measure¬ 
ment. and at intomiediate points by a levding rod sighted from the transit, the target being bisected 
at each point by the line of sight. Roof and floor notes are,best recorded ip the form of fraeUone, 
as abovg, but ahouid be diatinguisbed from wall notes by drawing a circle around them. 
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Sadifttlfic offsets. Wlisto mors detailed inCorms^iioit k desired ss to the complete 
oroBS-eeotional profile of im opening, as for example in estimating fot a masonry or eon- 
orete lining, the principle of Heller A Brightly’s suntlowbb is serviceable. 

As used many years ago la N Y aqueduct tunnels, the "sunflower” was a brass disk, 14 in diam, 
graduated around its edge, and having a centrally pivoted arm which served aa guide for a measur* 
ing stick long enough to reach all pmnts on the perimeter of the section. The disk, mounted ver* 
tically on a tripod, was brought into the center line or traverse course and its elevation adiusted 
or observed by trsnut at the nearest station; distances to the roof, walls, and floor were then recorded 
at as many radiating angles in the plane of the disk as dMired. 

For smaller-scale work in a' metal mine the same principle can be adopted in nmiiler manner, 
eti.: a light board, about 12 by 14 in, is held vertically at an adjustable heiidit by damping to a 
leveling rod or other easUy portable device, which acts as a supporting column Srhen braced between 
floor and roof or between walls. A pad of durable paper is tacked to the board and a thin finishing 
nail driven part way in at the cen'ter. After adjusting the board so that its cedter is on the line 
of sight between two stations, or otherwise determining its position, a light wooden rod graduated 
to feet and tet^bs is met d on the center nail and its sero end brought against the walls at as many 
points as desired; its posit'on is scribed directly on the paper and the corresponding distance noted. 
The distances are then reduced to scale and the profile is sketched in somewhat like a plane-table 
survey, ushtg a fresh sheet cf paper at each set-up. 

By angles and disfiksaas. This method is applicalde to broad open chambers, and 
lends itself particularly to the aaimuth method of traversing. Having set up at a station 
and oriented tl::^ lotvcr plate by a backsight, take sights to a light held at as many points 
as desired, recording the azimuth, the vertical angle, and tlie distance to each. As these 
notes are commonly plotted by protractor, duplication of angles is not necessary. After 
all the sights have been taken, observe the azimuth and distance to the next station, and 
proceed. If the traverse is being run by defiections, or by angles, the method of taking 
the side shots is the safne, but in plotting the notes the protractor must be separately 
oriented at each station. 

By tape alone., This ia auitable only for large open ebambera unobetructed by pillan or tim« 
ben, in which all of ^ prints are nearly in one plane. From each of two traverse stations measure 
the distances to each desired point, and plot by swinging intersecting arcs from the plotted stations. 
Ttda gives the situation of the points, referred simply tO their own plane; to project on the horia 
plane, an observation must be made on the prevailing slope. 

By anglea alone. Two traverae stations are required, from both of which all the desired points 
can be observed. With the vernier at aero, set up at one station and sight the other station with 
the lower motion. Then read angles, both horis and vert, successively to each of the desired prints. 
Set up on the other station and read angles to the same prints, having the sero directed to the first 
atation. ^Tlme is saved by using two instruments, sighting simultaaeously at the same print. 
Plot wit&.pmtraotor, by intersecting lines. Labor of plotting with protractor may be reduced if, 
instead of pbaorving angles os just described, each transit is oriented to same meridian and asimutha 
to the sevrial pointa are recor^d. If elevations are required, they can be computed by multiidring 
the horis distances, scaled from the map, by the tangente of the vert anglee. 

If the point# ia the chamber are inacoeeeible for the man holding the light, the following expedi¬ 
ent baa been foundeuoceeeful. Two tranaita are required, aet up at two traverae atationa eommantfing 
aa much aa possible of the excavation, and having their aero prints oriented. Take the ground- 
glasa plate out of the back of a camera bos, and hold in its place an acetylene lamp. This will 
throw a narrow beam of light through the leue, which can be proj'ected against'the roof and walls 
of the chamber, the bright spot being observed simultaneously by the two transits. Hot and ‘ 
compute as above. A third transit at another station may inaqre a more complete capture of all 
the points in the chamber. 

Ike Tonneaen method (2) wae devised for estimating atoped areas in the Transvaal grid mines, 
where the slope ia often regular for long dietances, and wages sre based on area excavated. It 
aims to reduce the office labor involved in first converting inclined distances to the horisontal bssk, 
and then roprojeeting to the inclined plane the areas thus calculated. Tonnesen's instrument, the 
"stMuometer,” is based on the same principle aa the nautical sextant, and reads angles in the plana 
of the three points. At least two accurately located points are set in the stops, in convenient posi¬ 
tions, and the side shots to the faces of the stope are taken either by angles and distances from one 
station, or by intersecting angles from both stations. Or, a traverse may be run, in the i^ane of 
the stope, close against the face, offsets being measured to the solid ore. If the uniformity of slope 
is interrupted by faults or folds, the area is divided into panels, each having a uniform alope, -a^ 
each is separately measured. 


8. SHAFT PLUMBING 


Wirflii used for shaft plumbing are of iron, steel, copper, braw, or fdioqidwir bronse. 
In any case, the sise of the wire should be as small as will safe^ oarry the we^h 
bobf JB A S No 20 or 24 is convenient. Zrem wirp is easily ob^nable, and,its ductility 
its bob to stretch out its kinks without Iswaking. If much plomblnff has ip bar 
at intervals, iron wire is Ust:de to deteriorate by ruslingl Steel Wire (pbmo 
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it xnuoh Btronser, but it not dwayt easy to proeure, muit be b*n«iled oautiotii^ to prerent 
k in kin g, and it subject to mtt. Copper wire it easy to get, is ductile and non-oonr^ble, 
but as a fine copper wire will not carry much weight, and therefore can not be stretdied 
tiiditt its position in a shaft is more subject to ^sturbanoe by air currents and failing 
water. Brass wire is stronger than copper, but is 
subject to kinking, and if it breaks under tension its 
springiness makes it troublesome to untangle, Fhoq^hor^ 
bronae wire is strong, durable, and not too springy. In 
general, iron and copper wires are more suitable for 
Atdlow shafts free from rapid air currents and falling 
water, while steel and phosphor broiue are better 
adapted to deep shafts and troublesome conditions. 

Bobs range in character from fiat'irons and sash 
wdghts to carefully turned and centered instruments, 
and in weight from 10 to 125 lb. lrrcgula]>fihai>ed 
weights are objectionable because in twirling Ihey im¬ 
part a wobbling motion to the wires, which adds to 
Ij^ie diffiinilty in determining tbeir mean position. Cast- 
iron bobs have been suspected of being susceptible to 




Big 22, Shaft-iduffibing Bobs 


magnetic influences, tending to deflect them from their true position. This was once 
observed in a case where a pile of steel rails lay in the magnetic meridiun, with their 
ends dose to an iron bob. Ordinarily, m^netic influence on iron bobs is probably 
negligible. Lead bobs, used in connection with copper wires, are wholly free from this 



Fig 23. Shaft-plumbing Board, Butte, Mont 



suspicion. The Handley (3) sectional bob has a brass shell, accurately turned and 
centered, with threaded connections, permitting a bob of any desired weight to be put 
tog^er (Pig 22, o). The brass shell is poured full of lead, each section weighing 10 lb. 
An iron bob fitted with fins to reduce twisting and vibration, when submerged in a bucket 

of liquid, is shown at b. The fins are soldered to a 
tin-plate jacket closely fitting the bob. An excellent 
bob can be turned from a piece of steel shafting; addi¬ 
tional weight, if desired, can be obtained by mi^ng it 
hollow and filling with lead or mercury. 

Supporting wires at top. If the shaft survey it only 
an isolated case, tiie simplest means will suffice for 
fixing the position of the wires at the surface. The 
wires may hang over notches in the edge of a board or 
in the head of a nail, and the excess wire may be kept 
on a spool. If the plumlung operation is likdy to be 
repeated frequently, it is well to provide better designed 
and more duralde apparatus. It is a oonvenienee to 
support wires in such manner that their position can 
be readily s^ted to bring them into line, or to vary tibeir distanoe apart; flso to keep 
the (sxcess^wve on a rasi, where it can not be injured,, l^e apparatus used at Butte (4), 
«diL awwn in Fig 23. A type of adjustaUe bracket is shown in Pig 24. Anothm’^type, 
imd reel used in connection wi A it, are shown in Fig 25. Still more elatxirate forma 
have been used, but age not necessary for otdinary eaeea. 



Big 24. Shaft-plumbing Bracket 
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WlMn two York ohofto witli conneetiag workiiigo ue Kvt^ble, only a liiiglo wire in- 
eaoh shaft is needed, preferably hung near the center. Having determined the ^rdinatee 

of the two wires by a closed surface traverse, set up 
underground at a station as far from wire No 1 as 
it can be plainly seen, and sight the mean position 
of the wire. This operation need not be performed 
wi^ such extreme precision as whaa only a sini^e 
shaft is available, since the base-line for &e under¬ 
ground survey may be several hundred or thousand 
feet long, .^utne any bearing for the line.,from 
the wire to the first station, and carry the iaaverse 
on that basis through the workings to wire No 2. 
From the underground notes, calculate the length 
and bearing of a straight line connecting the 2 wires 
(see Art 9); this length should correspond closely to 
the similarly computed length on the surface, as a 
chock on the underground work. Compare the 
computed underground bearing of the closing line 
with its true bearing as determined on the surface, 
and correct all underground bearings accordingly. 

Hanging two wires in one shaft. If only one 
vertical shaft be available for connecting an under¬ 
ground survey with the surface, two wires must be 
hung as far apart as possible in this shaft, and their 
coimecting line used as a base for the underground survey. Extreme care is therefore 
necessary in every detail of the work. 

It has been found by experiment (5) that wires are liable to deflection if air is traveling 
faster than 100 ft per minute in the shaft. The amount of deflection is proportional to 
the veloc of the current, but whether the direction is up or down the shaft is immaterial. 
A wire hung in the corner of a rectangular shaft is more strongly deflected towards the 
long side of the shaft; hence, if two wires be hung in opposite comers, tlieir deflections 
will be in opposite directions and the bearing of the line connecting them at the bottom 
will be doubly displaced. This is a more serious source of error than a mere divergence 
of the wires. It is therefore recommended that in a shaft having a strong current of. air 
the wires should be hung at about the middle points of the ends, rather than in the cor¬ 
ners. If possible, the ventilating current should be reduced or stopped while shaft 
plumbing is going on. If this is not feasible, for important work, board flues can be built 
from the top to near the bottom of the shaft, and the wires lowered inside of them; these 
will afford protection also from falling water. A light bob should be used for lowering 
the wires, and the heavy bobs attached below; a snap hook facilitates interchanging. 
Freedom of a wire from obstructions can be ascertained: (a) by watching, from above, a 
light slowly rotated around the bob; (b) by comparing the swing period of the bob' with 
the correct period computed from the known length of the wire; (c) by wrapping a little 
ring of wire loosely around the plumb wire at the top, and letting it drop; (d) by causing 
the point of support to be moved a definite distance and direction at pre-arranged intervals 
of t^e, noting whether corresponding movement occurs at bottom. Adjusting wires in 
a deep shaft is nervous work; it may be greatly facilitated if telephone extensions can be 
provided at top and bottom, or a 2-wire cable installed with push-button and busser 
for transmitting signals. 

Three-wire system. As a means of detecting angular displacmnent of the line con¬ 
necting two plumb-bobs in the bottom of a shaft, it is recommended (6) that three bobs 
be hung, and that no angles be read until the three wires at.bottom are precisely the same 
distance apart as at the top. If this be the ease, since it is highly improbaUe that all 
three bobs would have been displaced by exactly the same amount, and in the same 
direction, the angular positions of the bobs can be accepted as correct. At HoUinger and 
other deep Canadian mines (21) the third wire is used, not merely for the purpose just 
described, but as an additional sighting point, both above and below ground, thus per¬ 
mitting a check on position of any one wire by calculations based on 2 or 3 independent 
sets of observations. Follovring paragraphs assume that instrumental observations are 
confined to 2 wires. 

Ohaenrafio&a at top of shaft It is usually convenient to bring the transit into line 
with the wires; if not, their respective positions may be triangulate as desiiribed below. 
Hsndeg'hung the wires approximately in position, .set the trmisit on a point from which 
wires ohn be seen. If the position of the wires Is adjustable, they liiay be ix'ou^t* 
{Mb line with ihe transit by slitting first at one and then at the oU;ier; if Ihe wirel ate 
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fixed, the tranait must be brouidit into Une witJi them, by the shifting head. The raioorom* 
«ter bead shown in Fig 26 is a help in this operation. All being set, measure the distances 
from wirf to wire, from tire nearest wire to the transit point, and from the tranait pdnt 
to the last traverse station. Also measure, by repetition, the angle from the last station 
to the line of the wiree. From these data compute bearing of the line of wires, aiul tire 
coordinates of either or both wires. 

Before leaving the transit station, both 
it and some other point accurately in 
line with the wires should be perma* 
nently marked for future reference. 

ObiMrvations at bottom of shaft. 

If a suitable instrument station con be 
found at the right spot, the transit 
may be lined in on the wires; if not, 
their position must be triangulated. 

European engineers generally favor the 
ti-iangulation, or Weisbach, method. Fig 26. Micrometer Head 

with angles as small as 1 to 3 min 

(preferably not exceeding 25 min) subtended at the transit by the wires, even when the 
alinement method could be used. 

Compenaation of instrumental errors by repetition can probably be made more readily when 
triangulating than when alining on the wires. Methods for increasing the precision of alinement 
practice are given in Bib (IG). For an alinement method permitting check calculationa from 
observations at both top and bottom, see Bib (29). 

If the shaft is not deep, and is free from air currents and falling water, eighta may be taken on 
the free wires; otherwise, the mean imsition of each wire must be ascertained, and the wire held in 
that position, at least until tapiugs are finished; for reading angles the asoertained mean positions 
of the wires can be used for sighting points. In any case an illuminated screen or scale must be 
fixed behind each wire. 

Alinement is obtained by a series of approximations, as at top of shaft. The microm¬ 
eter head is particularly helpful for this purpose. If distance from transit to the nearer 
wire is not much greater than the distance between wires, it is possible to focus a sharp 
image of the farther wire even when both wires are exactly in line with the transit (16). 
Hence it is not necessary to insert rings or chain links in the nearer wire, unless the transit 
must be set farther away. 

Triangttlation. hirst measure the distance between wires. If this indicates a diver¬ 
gence of the wires, it is highly probable that the line connecting them is also deflected in 

azimuth, and all necessary means must bo 
used to reduce interference of air currents 
and falling water. Set transit on a point aa 
nearly in line witli the wires as convenient, 
and as close to one of them os focussing 
permits. Measure distance from transit to 
both wires, and to next underground station; 
also the angle from each wire to that station, 
and the angle between wires. These moa- 
Buroments are not all essential, but serve to 
check one another. 

In Fig 27, if A and B are the wires, C the 
inatrument point, and a, b, c, the sides opposite 
the angles, the known parts of the triangle are C, 
a, h, e Angles .1 and B can be computed ia 
Fig 27. Triangulation at Bottom of Shaft several ways: 

1. iSin JJ — 6 sin C + c and tin A « » sin C + c. As a check, A + B + C • 180* 

2. Tan i/i (A - B) - tan 1/2 (A + B) - tan (90* - I /2 C) 

A - Va (A + B) f Va (A - B) and fl - 1/2 (A + B) - I /2 (A - B) 

„ K» — <<)(s — c) 

3. Sin 1/2 A — V -r:-, where t » t/t (a + h + s) 





Ako. sin 1/2 B Pi 


(s — a)(s — c) 
ae 


and tin Va C 
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Eq 1 gtvM mo(« prwsUw raiulte for mall Taluea of C; heiue tha advantaca of aattfng 
the traturit doaely in Una tlw wiraa; a furtliar advantage is tibat tiie error oanaad bgr 
inaocurate measuring of distance is dii^t. Accuracy is fu^er gained kaiHIting the 
ratio of AC to AB as mall as possiUe, preferaUy not exceeding unity. £q 2 should 
be used whm it is not possible to set up on a point nearly in Une with the wires. Eq S 
is independent of angle C, but inamuoh as the transit must be set at C to read tiie uigle 
to next station, angle C may also be read. Knowing bearing of AS from the surface 
survey, compute the bearing, first ot A C <x B — C, and then of C *- X, and finally 
the coordinates of C and X. 

While occupying Sta C (by whatever method determined) and siidtting Sta X, it is 
advisaUe to set another point accurately on this line, as at Y, particularly if Sta C has 
not already been permanently marked as a triangulation point; point Y then serves as 
backsight when continuing the traverse from X, 

Sighting on the firee wires. AmpUtude of osciUation and amount of locid vibration 
can be redu(»d by immersing the plumb-bob in a pail of water, oil, or molasses. At 

Anaconda (7) they use a pail 18 in deep and 10 in diam, having 
a t/ 4 -in pipe through the side, near the bottom, with its outlet 
2 in below top of pail. The pail is filled with witor to this 
levd, and i/g in of engme oil is poured on top to prevent splash¬ 
ing of falling water. Further protection is given by a qiUt 
conical lid with a 2-ia hole. Fig 28 shows a pail used at 
Broken Hill South (22) designed to hang from timbers at the 
comer of a shaft. 

Determining mean position of wire, (a) If period of swing 
gives enough time, the wire may be foUowed with the upper 
tangent motion of toe transit, the extreme right and left position 
being noted on the vernier. The aver of a aeries of readings 
will give toe mean position, (h) If toe transit has oblique 
cross-hairs, these, in connection with either of the stadia h^rs, 
will serve as a guide in bisecting the amount of max displace¬ 
ment of the swinging wire, after which the mean position can be 
marked on toe timbering, (e) Fix a strip of dean wood behind 
toe wire, approx at right a^es to line of sight of transit, and 
mark a succession of extreme positions; bisect these and set a 
Fig ^ ^m^bob fine nail at toe mean position, (d) Instead of a wooden strip, 

tag Bttek^^moken uiU, graduated rule may be used, toe extreme positions being read 

tlmugh the transit and toe mean calculated, (s) Draw a 
graduated scale on a translucent screen placed behind the wire, and read deflections 
as above. (/) A graduated slide for inserting in the eye-piece of too telescope, as in 
microscopic work, has been suggested. 

Note.—In all the above methods involving the use of a scale to cdculate the mean 
position, it is important to take a large and an even number of readings; 100 or more are 
not too many in a deep shaft, with air currents and falling water. Due to local vibration 
toe bob seldom makes a complete swing. Prof. H. S. Munroe suggested that observations 
at regularly timed intervals would give the mean position with accuracy. To obtain toe 
exact mean point for purposes of taping, toe preceding methods all require 2 sets of obser¬ 
vations on each wire, from pontions giving Itoes of sight as nearly as praoticaUe at rigiit 
angiea One set of readings can be made on each wire from a first position of the transit, 
whito will toen be set up at another point for the second set; or, any kind of a telescope 
can be fii^ at the second point, and toe readings made simultaneouriy. Another method 
(g) obviates use of scales and telescopes. Bore alto 2-in hole in a board, and fix it 
horisontally so that the wire passes ^ough nearly toe center of the hole. Cause the 
bob to swing in various planes and mark points of contact with droumference of hole, 
indicating which marks correspond. The usual pail of liquid should be omitted. Remove 
toe wins, set a plug flush in toe hole, draw lines to connect corresponding points, and set 
a nail where toe majority of toese lines intersect, (k) An elaborate system is the Roberts^ 
“Shadow Method,” used at East Qeduld mine, Transvaal (23). 

Fixing the wires. It is generally advisable, and, if sights are to be made on them at 
upper levds of toe mine, it is essential to fix the wires in toeir mean positions. A rimple 
method, under favorable conditions, is to bring the wire gradually to rest against the 
edge of a bo«rd so set in toe timbering as to be brought forward gently against the wire. 
The board is toen nmled fast, and the wire tied to it. If the mean position is known, from 
observations made as above, any mmple combination of boards, tacks, and strings will 
•Irte to fix the wire. 

The Schmidt apparatus (Fig 29) is useful when much work of this kind has to be d:ne. 
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ItiawsMwvdtoafaottrdbAvioaial X/f-inhole, aetintliediafttimlMn. Tha nawa positioa 
' of tha wire ia (mlnulated by obaervationa oa the two soalaa. The bob ia than liiaeon* 
neotad. and the wire threaded through a fine hole in. the braaa pliig aorewad into tha square 
block; tha latter ia then placed between the adjust¬ 
ing acrewa and shifted by them until the wire is 
seen to occupy its mean position, the bob having 
been attached again. This operation can be simpli¬ 
fied by having a slot sawed to the center of the 
square iron block, the brass plug being unscrewed 
and threaded on the wire before the plumb-bob is 
attached; this saves trouble of removing the bob 
and then replacing it. Or, if no observations have 
to be made at higher levels, both bob and wire may 
be laid aside, and a needle inserted in the fine hole 
to serve as suiting and taping point after being 
adjusted to mean position. One advantage of retain- 



Fig 29. 


Sobmidt Sbaft-plumUng 
Apparatus 


ing the wires is that all tape measurements can then be made horisontally, ttam transit 
to both wires, and some computation thereby eliminated. 


A method for brioginc a idumb-bob gradually to rest in its mean position and bolding it there 
as long as needed has been suggested (17), though not yet tested in practice; it woidd obviate both 
the instrumental determination of mean lotion and the fixing of the wire by meohanieal aids. A 
can or small pail, only large enough to give the swinging bob clearance on idl sidn and only deep 
enough to submerge lower half of bob, is rigidly fastened by cleats and wedges to a jdank nailed 
aeroee shaft timbera. A warm aolution of agar-agar (1.5 os per gal thoroughly diosolved by boiling) 
is poured into this receptacle; as aolution cools it slowly increases in viscosity and at ordinary 
temperature sets to a jdly rigid enough to hold the bob securely. The receptacle must be protected 
against falling water. If desired, the jelly can be dried out and used again. 

Initnunentsl methods of pJumbing. The side or the top telescope of a transit may be 
used to project the meridian of a survey with great accuracy down a vertical shaft; special 
eccentric transits (Art 4) are particularly useful for this. A plumb-bob must also be 
lowered, to give the coordinates at bottom, but as a slight error in coordinates is not so 
serious as one in the bearing of an underground base-line, the combination of instrumental 
observation and a single plumb-bob has great advantages. Observations may be made 
from either top or bottom. 

Transit at top of shaft. Set the transit on heavy timbers in such a way that it can 
see to bottom of shaft. Sight along a line having a known bearing; then right down the 
shaft. Stretch a wire across the shaft on the bottom level, as nearly as oan be estimated 
under the transit, and in same plane as the telescope. The wire should have a weight on 
one or both ends and at each end it may be laid in the thread of a long screw mounted 
horisontally on a heavy trestle; by turning these screws manipulate tiie wire until it ia 
Insected by the transit throughout all its visible length. This wire then gives a bearing 
on which to start the underground traverse, and a single plumb-bob g^ves coordinates of a 
starting point, which may be situated anywhere in the shaft. Instead of a wire, a plank 
having an illuminated righting point at each end may be shifted by repeated trials into 
the plane of the teieecope, the two points then being used os the underground base-line (8). 
In all work of this kind repeated observations should be made, with ^e tdesoope normal 
and inverted. 

Tranrit at bottom of shaft. A method exactly similar to the preceding mi^ be 
employed, stretching the adjustable wire across top of shaft, the bearing of which wUl be 
ascertained later. Or, the wire may be fixed in known bearing, and the tranrit brought 
into same plane with it by repeated trials. It is not necessary for the tranrit to be verti¬ 
cally under the wire, provided the latter is horis; it may be tilted by its leveling screws 
until the wire is seen to lie in plane of rotation of the telescope, even though this plans is 
not vert. If then two points be fixed in the workings at equal deealiana, whethsr abova^ 
OT below center of tranrit, the line connecting these two points will be parallel to Abe wire' 
at the top, and its bearing can be used for starting the imderground survey. Coordinates 
must be transferred, as before, by a single iriumb-bob. 

Measiuiag depth of shaft (a) By direct measurement with tape along the timbers. 
■oaAt by two men, one on the roof of the rage, and one on a seat attached to the hoisting 
rope about 100 ft above tiie cage. It is well to have a third man on the cage to give 
^gnjJa promptly. Direct measurement is relatively simple if the shaft baa a manway. 
(1^ By m ^ag u riiq c a plumb-bob wire. Place a small pulley in Uie head-frame so that tito 
»owl pass over it while hanging freely in the shaft, with plumb-bob attached. Set one 
mark (A) riose to the shaft and another (B) kt any convenimt place on the surfaos^ but 
asaotly 100 ft from A; ttw two points should be as nearly aa praetioable in line witii tho 
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{njlley. Haviac noted the dev of the hob with reopeet to a bench-mark at the ehaft boi* 
tom. fasten a mwker on the wire opposite point A and walk with it to point B, whm.' 
another marker is to be attached at A... Continue reding up the wire, measuring off every 
100 ft and the final fraction, until the bob arrives at surface and can be referred to a 
bench-mark. This method compensates for variation in dretch of the wire, due to its 
diminidung weight as it is drawn out of the shaft. 

9. NOTES AND COMPUTATIONS 

There is no best form of notes, and every engineer is entitled to his own preference, so 
long as his system is equally clear to him and to the engineering staff. In general, it is 
advisable to use a printed form, with headings printed or written in, having no more 
columns than necessary. The transit man can then tell at a glance whether every item 
of information pertaining to each set-up is recorded, before proceeding to the next station. 
If a certain measurement is not required at a given set-up. a check-mark should be made 
in the appropriate space, to indicate that it was not overlooked- The following headings 
are suggested for ordinary underground traverses. 

Azimuth Traverse 


Coune 

Asimuth 

Tope 

Vert angle 

HI 

HS 

Itemarks 









Deflection Traverse 


Course 

Deflection 

Double def 

Tape 

Vert angle 

HI 

HS 

Kemarks 


□ 









Angle Traverse 


Angle 

first reading 

Second reading 

Tape 

Vert angle 

H I 

HS 

Bemarka 










In the form fat deflection traverse the narrow column under “Deflection" ia for entwing initials 
S, L, After dividing the doubled deflection (or angle) by 2, the final value may be ebtwed in first 
column, on line below. If duplicate readings of any meastirement are taken they may be enterad 
one below another ir same cdumn; it does not pay to economise note-book space. Side-ebota, 
entered one after another in regular order, following the traverse data taken at that station, ars 
preferably lettered to distinguiBb them from numbered traverse stations. In case of an angle 
traverse by repetition it ia well to devote a whole or a half page to each aet-up. Angle readings may > 
be recorded thus: 

Angle 7-8-9 



First reading 

Fourth reading 

Final value 


0 / yy 

0 y F/ 

• 0 .H 

VMkniivp A ffi.t t80^. 



_ _ _ 


Average. 


-- - - 


Tbs data relating to courses 8-9 and 8-7 would then be entered lower on the page in 
their appropriate columns. Sketches and remarks are made on the right-hand pages, 
wbich idlould have coordinate ruling. 

Lcoae4eaf aystema. Among the advantages are: (a) Pages are kept cleaner, aince a 
particular page need not be kept more than one day underground. (6) It ia possible to 
^e togethm idl the notes relatiilg to a given section of the operations, though they 
have been taken by different engineers at different times, (c) A complete record of all 
notes is coiutanily on file in the office, (d) While working at a distance from the offiqf^, 
the nptas can be sent in daily for computation and ihapping. * V 

The ftMnai ahmdd be printed on bend paper wds, say fl 7 ia, pnaefaed to fit the dasps of a * 
;l|ilithsr or dluadnum cover, tdiioh should be larjpi enough fully to iwbteot the edges of the thsMis. 
'jilMidioata o^es are eometimee desiraUa^ ia order that the engineer may have a eemplate at 
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M tha On* way to ntaka tliaaa ia to have a^dto aavdopaa ralad asd punehad aaaetly, 

the earda. into wbioh tbe earda flt ann^. One oard and a carbra copy ara put into taah' 
anvatopa, aid a number of ranlopea ara put into the cover for the day’a work The enginear 
then retaina tihe empty envelopw, and returna the aarbon oopiaa to the ofl&ce. 

Comptttetioits. The first step ia to convert asimuths. defieotions, or angles, into 
hearings, as in Sec 17, Art 11. Next, reduce inclined distances to their horis>ntaI and 
vertical components, multiplying by the cosine and nne respectively of their vertical 
angles. ^ Qurden’s traverse tables or mechanical calculators are great hdps in this opera* 
tion. Next compute latitude differences and departures of all courses, or take them from 
traverse tablesi If a closure can be made, compute and distribute the error in proportion 
to the length of the courses alone. From the balanced latitudes and departures, compute 
tbe coordinates of the stations. If no closure can be made the coordinates are calculated 
from the unbalanced latitudes and departures. Lastly, compute elevations of the sta* 
tions, from the vertical distances, the H I and the H S, as described in Art 5. The fol¬ 
lowing form will be found convenient for assembling the data and the computations. 


J 

Azimuth 

Bearing 

Indined distance 

Vertical angle 

1 

=3 

3 

f 

n 

1 

9 

<*» 

S 

Departures 

Cmrected latitudes 

1 

1 

i 

1 

*1 

*1 

1 

c 

1 

J 

Coordinates 

Vertical distance 

Height of instrument 

eh 

m 

eh 

1 

Elevation 

Station 

Remarka 

+ 

BO 

1 

+ 

1 

2 

+ 

CO 

1 

+ 

1 

3 

1 

I.J 










1 


1 

1 











The whole aim and object of a mine survey is thus to determine the coordinates and 
elevations of as many points as possible. If the whole system, above and bdow ground, 
be based on the same set of coordinate axes, nearly every problem in mining engineering 
can be readily solved by the application of the principles of trigonometry, or analytical or 
descriptive geometry. (See Sec 36 and references 9 to 12 in the bibliography.) To mini¬ 
mise the possibility of error in computation it ia well to take as the origin of coordinates 
a point well to the south and west of tbe entire workings; negative coordinates are thus 
avoided. For the same reason elevations should be referred to a plane well below the 
deepest workings. 

The following problems are the ones most frequently encountered in laying out new 
mine workings. 

To establish the line connecting any two points. If xa, Va< ‘a are respectively the 
longitude, latitude, and elevation; of station A, and xb, ps, ‘b are the corresponding data 
for station Bi 

1. Bearing of the line A-B is that angle whose tangent •• (za — xb) *>' (ps Pt); 
inspection will indicate in which quadrant the bearing lies. 

. 2. Horizontal distance A-B — V (*o “ *6)* + (Po ~ Pft)*. 

^ 3. Difference in elevation between A and B •• Za — Xh- 

4. Vertical slope of the line A-B is that angle whose tangent m 

<»o - *b) + V(*a — Xb)* + (Pa — Pfc)*. 

6. Inclined distance A-B ■« V(i* — xb}* + (Po ■” Vb)* + (*a ” *6)*< 

-Starting at Sta A, run a traverse by the shortest available route tp Sta B; H this 
traverse does not form part of a closed circuit, it can be made to close hy returning 
tile same route, but using different stations. A serious error of closure should be invse- 
iqr repeating tto work, 'if neosssary, but a reasonable error may be balaaeed. 
This gjvw the coordinates «id elevations of A and B. Calculate bearing and riope d 
the coanecting fine A-B Igr Eq 1 and 4, above. Set the trazuut at either A or B; orient 
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. bjr aisfating oa a trurene Uae with the lower fhotioa; set the horisontal vami&r to toad the 
computed bearing or azimutii, and the vertibid Temier to read the required tdopeit had 
fix two points from which the mine boss can hai^ sighting cords: 


To locate comers of a ▼«! shaft to eoanect with a winse or raise. From an undergromui statioa 
near the winse or raise, measure beuiniie i^nd diatanees to the corners, and compute coordinates 
thereof. Run a traverse to a station on the aurfaca near the eite of the propoeed abaft, and com¬ 
pute iu coordinates. Calculate bearinss and dietaneee from thia station to four pmuts faarittg the 
same coordinates ss those observed underground (£q 1 and 2 above). With the transit set on this , 
surfsoe station turn off successively the computed bearings, and measure the, corresponding dis¬ 
tances to the four desired points. 

To compute point st which a given line will intersect another line, for example, the end line of a 
daim. The known data (Fig 30) are the bearings of B-C, or a, and D-A (which is also that of b). 
awl the coordinates of the points A and B; required, the distance A-C, or b. Compute bearing and 

distance of e by Eq 1 and 2. From the bearing of e com¬ 
pute angle B, by rderence to the known bearing of a; also 
angle C in the same manner. Then b m c sin B* etn G. 

To establish the shortest line from a given point to meet 
a line of known bearing. The required line will obviously 
be perpendicular to the given line; hence its bearing can 
be computed and set off at once by a transit on the given 
station. If the length of the connecting line is desired, 
the coordinates of some point on the given line must be 
known, as O; whence compute bearing and distance E-G. 
In the right triangle EFQ, the side / and the angle O are now 
known; whence g f tin O, 

To determine the point on a given line from which 
to make the ebortest connection with a given point, as, 
for example, to drive a orosscut from the drift D-A to the 
bottom of the shaft S. The ehorteat line will obviously bo perpendicular to D-A; hence ite bear¬ 
ing is known, as are also the ooordinates of D and d (the latter from a surface survey). Compute 
bearing and diatanoe of D-S, or (, from Eq 1 and 2; whence compute angle S, Then s t stn S, 



The above are given only as suggestive examples. In generid, the shortest solution 
of a problem will become apparent by the simple method of plotting the known factors. 


10. MAKESHIFT METHODS 

Ciroumstanoes such as (a) lack of most suitable equipment, (b) absOnce of a helper, 
(e) difficulties in carrying out an instrumental survey by precision methods, (d) need for 
a quick survey without high accuracy, have led to numerous ingenious applioatioiu of 
tri^nometiy or descriptive geometry. 

Oaa-tnan survey may be necessary in examining prospects and small mines; it should 
not be attmnpted if work requires climbing old ladders or going into unventilated stopes. 
Brunton "transit'* (Art 4) is the usual instrument; a light tripod with telescopic legs aids 
aoouracy but is not essential, since a box or a piece of timber will serve as a mounting 
when hand-held readings are unsatisfactory. Candle ends serve for station points. 
Linen tape manipulates easier than steel; at ^e zero end, tape can be anchored by a cord 
to a rock, timber, or track tie. A 6-ft folding or semi-flexible rule is better than tape for 
short measurements. 

Traversing steep workings without auxiliary telescope. Method described by 
C. Ferguson and K. J. Benner (24) is limited to slope lengths of 100-150 ft (steeper the 
slope, greater the permissible length); it asstunes a traverse station with known coordi- 
natee elevation near upper or lower end of the inclined opening. 

Stretch a fine wire tightly between permanent or temporary snpporta at top and bottom* so 
os to leave as much as possible of the wire visible from the establislied station: heavy spike With 
not^^ head serves well in timbered workings. On this wire, set 2 marks (as by pinching on it 
short bits soft copper or solder wire) as far apart as they can be seen from the transit station; 
read azimuthe and vert angles, and tape the inclined distances from transit to both points (head 
of the supporting a^ke may serve as one mark); then calculate coordinates and elevations of both. 
Further calculation (Eq 1 and 4, Art 9) gives asimuth and slope of wire. Tape the dutanoe from 
.eithw mark to a similar mark at otbm end of wire, ooordinates said elevation of which are noe 
computable. Set transit under the last mark, baekaight on the wire or a plumb-bob hanging ftoa 
it, continue traverse. 

Gtting sti^eyg, requiring no direct angular measurements, . have given saffieifltttljf 
data for plotting steeply inclined and tortuous rmseSf^winiea, and narrotr.atopee 
jsitfAxtS of die North &'oken mine, N $ W (2S), 
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In ns 81, A~A' ia a trsvarM ootine thrwiltll a dHft, details of which are known; plttmb^wbs 
are hun^ at A and A\ B-B' is a wire or strong gerd etretohed tightly between temporary fasten¬ 
ings, the position of that at B' b^g reoorded by measwements to roof, flooi, and walls. Under 
conditions as in Ilg 31 (a), a plummet is hung from B-B' at C and broui^t by eye into line A~A'; 
point D is also marked in line A-A', Measure (horisont^y) C-E, C-D, D~E, and A~C or C-A*; 
also inclined distance C-B'. Inclination of B-B' is obtained by hanging a plumb-bob at either 
end (Fig 31 (d)), measuring the length of cord B-H, and distances H-J and B-J (not safe, in this 
case, to assume that H-J will be measured horisontally). Cases (6) and (r) require setting M 2 
temporary points C and D on line A-A', usually also light plummets at B and B'; the dotted lines 



indicate boris measurements to be made. If the opening turns vertically, as at (e), enough weight 
is attached to make the cord clear the roof, length and inclination of both segments then being 
observed. .4t a horia turn, as at (/), 2 cords, B-B' and C-C, are mounted, almost touching at F; 
horis measurement of B'-F, B'-O, F-0 then fixes the horis angle at F; inclined distances E-F, 
F-C, udth their corresponding vert angles, will locate C, and so on. At the Broken Hill mine, 
grapUc solutions of angles and bearings, at scale of 1 in » 1 ft, have given sufficient aoeuraoy; or, 
each case shown above can be solved trigonometrically from the indicated data, by Eq 3, Art 8. 

Projeetiiig azimuth down inclined shaft. In this cose <26) the oniy available transit 
had prismatic eyepiece for main telescope, but no auxiliary telescope; hence, could sight 
only upward. Shaft, 5 ft wide between wall 
plates, pitched 85**; stations at 80 and 180 ft 
debth. A short piece of brass angle, with a 
notch at exact middle of one edge, was fastened 
to the upper-inner edge of the hanging-wall 
plate (Fig 32), and a plumb-bob with as long 
a cord as possible was hung from this notch; 
bob was damped in a pail of water on footwall 
side. Surface survey station, 20 ft on footwall 
side of shaft, was an iron pipe capped with a 
plug, turned and center-marked by lathe; diam 
of round plug was same as length of brass angle. 

Two purallel cords were stretched around this 
plug and the ends of the brass angle, their 
azimuth being known from surface survey. At 
an miderground station on hanging-wall side, the 
the space bistween the cords was bisected throughout its visible length by the plumb-bob 
cord; tdescope was then in vert plane of known azimuth. 

(teaphie solution of inclined ralaei (A. D. Rood, 27), is useful for alining the inclined 
and branched raises commonly required for block-caving into chutes (Sec 10,,Art 80); 
for raises up to 125 ft long, accuracy of plotting is commensurate with that of observations 
by Brunton compass and tape. 

Xnowiag ooordinatM.and elevations o( points A, B to be connected (Fig 33), procedure fidlows: 
On coordinate paper, and at scale of, say, 1 cm — 5 ft, plot positions of A and D in plan. A pro¬ 
tractor then givsa bearing A-D. Lay out a vert scale (same aeale as horis) adjusted to show B at 



Fig 32. Transferring Azimuth down 
Inclined Shaft 


transit was then adjusted by trial until 
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ita proper (InFicSS, eoordiii»t«iar«Ndioirpi^bottoinsiulriidrt;eIavattoiioatUft.) Trana- 
f«r the hOTis projosUoa ai A~D to a vert pUae.paaeiac through both pointa by awing^ are A-A’ 
and projaeting A* downward to A" at elav (rf A, Inelination of A"~D, by protractor, ia alopa of 
eonneeting Una A-^'D, It tha raiaa geta off Una, a Brunton and tape aurvay givaa bearing, dope, 
and inelinad diatanoa to face £. From A", plot thia alopa and inolinad dktanoe to project B" 
vertically upward to JS' and awing are B'-B, to intersect Une A-B drawn by protractor at its observed 

bearing. When the face has advanced to C, a 
set of meaaurementa at B, with similar construc¬ 
tion starting from B", locates C in vert and 
horia planes. C-Z> then gives tha bearing, and 
C"-D the dope and length of the dosing line. 
In this example, note that 3 different vert planes 
are involved, aU containing point D. 

Snnrey of glory-holes at Freenillo, Max 
(Sec 10, Art 99) was formerly done by 
stadia (Sec 17) when walls were at max 
slope of 45°-50**, and vert angles at transit 
rarely exceeded 30°. 

With increasing depth and steepness, the 
following methods were .applied (28): (d) A 4>in 
steel baU on end of a rope was repeatedly dragged 
across the pit and its successive horia and vert 
positions were observed simultaneously by tran¬ 
sits on 2 previously established stations on the 
rim; position in plan was plotted by intersecting 
asimuths, and horia distances to each station 
were measured by scale; these distances, X ton 
of corresponding vert angles, gave check on 
elev at each position, (b) For slope distances 
under about 50 m, a steel tape was attached to 
the baU, in addition to the rope; a transit on a 
rim station then gave horia and vert angles, and 
the tape gave inclined distance to each point, 
sufficing for its computation. A third suggested plan reqmres setting of rim stotions (not all of 
which need be monumented) at opposite ends of as many section Unes as desired. The baU is 
brought into positions along each section lino by 2 ropes Oong enough to reach clear across) 
manipulated from corresponding stations on rim. Position of ball ia observed by horis and vert 
angles from a transit on a station at end of pit; positions are plotted in plan by intersections with 
■eotioa Une, and devations computed from scaled horis distances X fan of vert ahgles, 

11. MINE MAPS (See also Sec 19) 

The map of a growing mine should be drawn on muslin-baoked, tough paper, in a roll 
long enough to accommodate the most extended working^. The scale 1 in 100 ft is as 
small as should be used for a map required to show details; and a larger scale is better if 
the map can be brought within the available paper. 

Sectionalized maps are preferred for mining properties of large extent, to cover which 
on a scale as small even as 1 in ^ 100 ft would demand an unwieldy single roll of paper. 

At Butte (18), the Anaoonds~properties are mapped on standard 18 by 244n sheets, with 1-in 
wiar gin An area 20.8 mUee l^W by 15.1 milee N-S ie divided into 100 eeotiona both ways, each 
block bting plotted on the atandard eheet to scale of 1 in - 50 ft. Eaoh level is separately plotted 
at that acale, these maps being kept cloedy up to date and serving as the main working diagrams 
of the reepeotive mines. Additionid mapa of same eiie are plotted at eoales of 1 in » 100, 200, and 
600 ft. with diminiahing amounts of detail, the last oarrying only triangulation lines and the moet 
important aurfaoe features. 

The Bret step is to rule the papw with fine, light-blue Unes into aoourately oonetruoted squares 
of 4 , 5, or 6 in, depending upon the scale to be used. Number these comdinate Unes along margins 
of the paper. Plot aU traverse stations by coordinates only; inasmuch as the coordinates are 
already computed, no time is saved, and avoidable errore are introdueed, by uaing^ the protractor 
for any of this work. Indicate eaoh traverse point by a small red oirole, and write its, number and 
elevation in black. It is not advisable to write tha coordinates, as the figures would be crowded, 
and the coordinates are quickly available in the office records; it is advisable, bowevw, to writs the 
tievations to give a better three-dimensional idea when inapeotiag it. Connect travene points by 
fine red lifim, stopping at the ciroles. 

Plot the outlines of the workings by offsets from the traverse Unee, by inteneotiona, or by angles 
and disianoes (reduoed to horis), as the case may be. A protractor ie allowable for this work. A 
paper iwotraetor of 24 in diam, iritb a eemioiroular opening cut out of its interior, is neiwly as 
aceurate aa more expensive instruments. Many special forma of protractor daeigned for thia work 
arc in the market. Those carrying a scale on the rotating arm are exceUent whore much nuwiUng 



Fig 33. Graphic Solution of InoUned Raise 
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«n th* Mine eoele b to be done. A epedal device deeoribed by J. 3, Brietol (13) diminiehee tbe lebor 
of plottinc by mecheninelly reducing inclined dietenoec to horii. Drew tbe outUnce in bUefc, free- 
bend. If the mine working! lie vertieelly under one enother, on only 8 or 4 levelt, eolore mey be 
ueed ta dietingouk them. If more then this number, it ie better to meke e eeperete mep for eeeh' 
level, ell oriented and coordinated alike. To get a combined view, tracing! of the aeveral levde 
can be euperimpaaed. ConvenUonal deiigna to indicate varioua underground fMturee are ahewa 
in See 19, Art 1. 

Finally, a complete map should contain: (I) A title in simple lettering, and in a uniform 
position (lower right-hand comer recommended) stating: (a) name of mine or portion 
thereof (the words “map," “plan,” etc., can be omitted); (6) names of surveyor and 
draughtsman: (e) date of survey and plotting: (d) scale, indicated thus: 1 in 100 ft, 
not 100 ft to the inch. (II) An arrow indicating the true (or assumed) meridian, and 
another indicating the magnetic declination, if this is of intermt. (Ill) A simple Ix^er. 

Methods of making maps in glass, wood, etc., are desmbed in Bm 10. 
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1. MniE GEOLOGIC MAPS 


Oaologie study snd msppinB sra sspsoislly ussful in eomplez or fsultod vnos. Work of this 
nsture, in conjunction with mine devdopment and exploitation, is undertaken chiefly by large 
mining oompanies, though etmilar study is proportionately important at small mines. The surface 
and underground notes and sketches are tran^erred to oflBce maps, omitting less important nota¬ 
tions from field books, which would tend to overcrowding. Where structure is complicated, geologic 
plans may be supplemented by vertical sections or by models. For other data on Mine Maps, see 
Sec 10,18 and 26, 



Vadergroimd ebtervgtiong are bmt made in new workings on fredily broken rook and 
ore. In wet ground, the surfaces soon become coated with blaek slime, derived from 
moisture, dust, and products of explosivu, which conceals mineralogic chjiracteriaticB and 
adijts to the difficulty of correct geologic deductions. In shifting or faulty ground, alao, 
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inipeetioii of workii^p ahonld be made iounediately after blasting and before tbnbering. 
Important information is frequently found in i|et or heavy ground. Prompt geologio 
mapping is alw^^ deeirable, to ena^ those in charge to direct work properly, arid avxdd 
the waste of miadireeted exploration. Observations should not be confin^ to levd 
workings, but should cover stopes and all other openings. In vicinity of faults, sill>floor 
workings in wide veins become heavy, and either cave or are closely lagged. Hans and 
cross-eections must then be made of the stopes above (Fig 4). Frequently, when engineer 
or geologist is called on to map mine geology, much of the ground has bMU stoped and 
no information as to nature of vein is obtainable. 

Each ore^eposit presents its peoulisr problems; in talang notes the observw should keep in 
mind the purpose of his work, and the point of view of the mine owner. In complicated vein and 
fault systems structural features demand special attention; in other eases, mineralogio assooiations 
are paramount. It is important te distinguish essential from non-essential geologic data. 

Field notes are best recorded in loose-leaf notebooks, with aluminum covers. Leather 
will not stand hard underground usage, and sketches in bound books become Murred; 
with loose-leaf system, only the sheets covering workings visited need to be taken under¬ 
ground. Also, with bound books, growth of the mine soon causes overcrowding of notes 
and sketches, or scattering of them in severol books. Loose-leaf records can be arranged 
as desired, and made easily acoessiUe in office by a simple filing system. Scale and sise 
of paper depend chiefly on character of deposit; sometimes on scale of mine maps, or the 
kind of notebook available. If minute details be necessary for proper interpretation of 
geologic data, use settle not less than 20 ft to 1 in. For sketches, and fo** use in wet or 
hot places, a 6 by 8-in page is desirable, ruled with pale blue or green indelible ink in 6-ft 
squares, with every fourth line emphasised. For more favorable conditions, an 8 by 
11-in page is preferable for clear delineation of structural relations. Maps on white-print 
paper, or cloth, may be used imderground instead of notebook, but are unwieldy and liable 
to be tom or soiled. When possible, begin by transferring the workings direct from mine 
maps to notebook, orienting them on the pages. See Fig. 1. 

Underground sketching. Colored pencils are used to 
denote certain geologic features, thus: red for vein minerals, 
and blue for faults and other dynamic effects. In representing 
vein matter by red, distinction between poor and rich ore is 
left to side notes. Too many colors are confusing, and for 
mixed minerals differentiation of varieties is impossible. 

Coimtry rock, except narrow dikes, is best designated by con¬ 
ventional signs (Fig 2). Chief object is to emphasiae veins 
or faults, as contrasted with the less important wall rocks. 

Vein structure is difficult to represent correctly in notebooks, 
and given conditions are seldom interpreted alike by two 
observers; hence ctireful, accurate sketches are essential. 

Observer must remember that, as others may have to interpret 
his notes amd sketches, wrong inferences of serious nature may 
result from inaccuracy. Clear-cut sketches indicate clear 
rmderstanding of the structrire; muddied, mussy sketches 
denote confusion of ideas. 

Facts to be sketched and noted include, in general, every¬ 
thing having present or future bearing on life of mine. Fig 1, 

4 and 5 are typical examples of field notes from files of a min¬ 
ing company employing a mine geologist. Conventional signs 
(.Fig 3) are plac^ along margins of sketches. In crosscuts, 
drifts, stopes, and raises, all veins, faults, slips, and ffikes are 
plotted, with side notes at intervids respecting strike, dip, 
and mineralogio character, with their changes, if any; all 
being accurately located by tape measurement with relation 
to a mine survey station, or other fixed point (Fig 1 and 4). 

Pacing is excluded, except as rough check, or for unimportant 
details. Keep sharp lookout for cross-faults, strike-faults, 
and splits in vein. At intersections, or unions of veins, note change, if any, in miner- 
alogic character; also, influence of faults and direction of "drag" along the fault. Avoid 
too copious notes, a common fault of inexperienced observers; note essentials briefly. 
Base gmeralities on careful weighing of available facts. 

Certain matters an of seientifie interest, even if not of immediate pnwtieal importance, euch ae: 
roek alteration, parageneaia ci minerala, depth of oxidation and westheiing, and preeenee ol water 
is vein and country rook 





PHt|h|slsa 


Oonglemsrale 


Tolsanie Btaeda 


Fig 2. 


Conventional Signs, 
Rooka 
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lattraments are pocket compass and tape. Brunton pocket transit is widely used; 
Verschoyle transit, Aitwood clinometer, and ordinary sighting compass are Also good. 
Metallic linen tape (Sec 17) is accurate enou^ for most purposes; in dry mnea steel tape 
may be used. For notebook plotting a 6-in transparent celluloid protractor scale, grad¬ 
uated some as office maps, is recommended; or a common scale and protractor will serve. 


, Safety precautions. Geologic maps are rarely made of a mine in its early development. Hence, 
the geologist is usually obliged to examine many workings abandoned wholly or in part. Such work 

is hasardoua. A common source of danger is bad 
air in dead ends, and in old workings lacking ven¬ 
tilation. Enthusiasm in pursuit of information 
should not lead to taking unnecessary risks. If bad 
air or deadly gases are known or suspected, get ail 
possible information before entering workings. If air 
is such that a candle will not burn, do not force 
matters by using electric or acetylene lamps, both of 
which will burn in air too poor in oxygen to support 
life. Other dangers in old workings are: open stopes 
and winzes, rotten and loose ladders, the latter being 
frequent in presence of copper or acid water. In 
freshly broken faces, examine for missed holes or 
loose slabs before using pick. Always watch for open 
manways and chutes, loose rook, loose planks in stope 
floon, trolley wires and trains of cars. Geologists 
often work singly, but, as their work is basardotu, 
the practice is unwise. 


Oollu «f shaft 
orraisoatsartace 


V Top of raise oodorgroaiid 
>Balte 
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Fig 3. Conventional Signs, Workings 


Office records. For a small mine, one set 
of geologic plans, with one or more cross-sec¬ 
tions, or a glass-sheet model, will suffice, except 
in cases of complex structure. For large con¬ 
cerns, operating more than one mine, maps may 
be duplicated, furnishing to the superintendent 
generalized small-scale maps of two or more 
adjoining mines, and to the foreman detailed 
maps of mine under his direction. Vertical sec¬ 
tions (Fig 5) are essential in conjunction with 
plans. Sections are taken at regular intervals, 
and as nearly as possible perpendicular to 
strike of principa* veins; all openings are out¬ 
lined. 

Making the maps. Tracing cloth is in 
general use, having many advantages over 
opaque material, like drawing paper or unpre¬ 
pared bluo-print cloth. A set of maps comprises 
surface map and separate sheet for each main 
working level. Extra sheets for intermediate 
levels or stopes are added when necessary for 
correct interpretation of geologic structure. Sur¬ 
face sheet shows property lines, contour lines, 
and all surface openings; but surface structures 
are admissible only for reference, and are indi- 
Vein and fault outcrops must be accurately plotted. Approximate 


oated by light lines. 

Ixtaitions of concealed outcrops, determined by projection from known points in mine, 
are indicated by dotted lines. Mine4evel sheets (Fig 6) are coordinated, and made to 
registor with surface sheet and with one another. Each horizontal section sheet should 
show all openings intersected by that section. Claim lines are put on each level sheet, 
to show relative position of a working or of a certain geologic featxire on any level. 


Name of miuc, with number and elevation of level shown, is placed at lower ri|dtt-hand corner of 
each sheet. If mine numbers are used, place them along their respective openings. Haises, winzes, 
and stope chutes are shown along the drifts. Geologic features are plotted from field books, closely 
to scale, with colored pencils or ink, corresponding with those used in field work. In map construo- 
tion, however, wider latitude in colors u perminible, and different veins or faults may be drawn in 
different colors. Assorted colors are advantageous when veins or faults are not of same geologic 
age. Veins or faults developed on higher or lower levels, but not intersected by any workitig on 
the level under consideration, are projected in their probable positions. Reasonably accurate pto- 
jectioua of geologic data on unopened levels assist tbe superintendent in planning 
development. 












MINB OBOLOOIC MAPS 


19-05 


Seal* of nap dapenda on area eovored, nature of depoait, and ccmptexitar of atrueture. 
To avi^ nooeaai^ of reduoing or enlarging, it ia oonvenient to uae aame aoale aa for nine 
aurvey mapa. Except for qieeial uaea, traeinga ahoold not be larger than 36 by 42 in, 
though it ia advanta^ua to indiude on one aheet aa much of a mine level aa poaaible, and 
aoxne allowance ahoxild be made for future extenaion of workinga. For aimple atructiue a 
aeale of 100 ft to 1 in mnr be uaed; for large arena, 200 ft to 1 in. But, on amall<aoale 
mapa, accurate dnwing ia required, little ride notation ia admissible, and it ia difBcult to 
give due prominence to veins, atringera, faults, and dips. The relative importance of 



velna riiould be evidmit at a glance. For complete reproduction of underground note, a 
large aeale ia necessary. If a riniJe riieet does not embrace the whole mining territory, 
the area may be ^vid^ into blocks, with a set of geologic sheets for each. In general, a 
aoale of 40 ft to 1 in ia good for average conditions. Accurate field work, followed fay 
careful transfer of note to maps, is essential. 

FOingmapa. Wear and tear on geologic mape are exeeerive. Tradnga become 
wrinkled, dirty, and opaque, and hence lees useful. Tearing or rolling of oomers and 
edges may be jxrevented by a Va-in binding of unprepared blueprint cloth; m a d e by cutting 
ototk in l-in strips, folding tq cover map edge, and stitching with a aewing or oaipet- 
tpa bh in e (Fig 6). Maps should be bud flat in filing cases or dzawera, never fdded, nac 
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nlled if it out b0 Avddid. Tlie Shannoo qHring<«rolt file aerywi well for kV«l suita, 
•ttoohed at ooe ed|^ ia put* to oompo board or to thia pitta boMMii out 1 in thm jqpp. 

I* 

Thu moiintad, tradnc doth •oon teua o«t wh«r« poaohad. Reiofimameat miy ba avppfiad 
by punohinf die holu la the aiap Undiog, or by putiag a patoh of Uu»>priiit doth whara holt it tO 
be xaada. Mapa an hdd flat by a fight cover board, aama m fifing board, with a)ot to go over tha 
Shanaon arch. For gedogio eroai-aeotiou, and oth«r leu ued mapa, tha ^dc filing eaaa ia good tor 
aim up to 38 by 42 in. 

Vortical crogg-aaetioiui are on planea perpendicular to gtrike of vein; or, in cage of two or 
more veins or faults, aeotion lines are taken where structural relations will be best boought 
out. In bedded depodts, section lines may be taken perpendicular to strike of stratifica¬ 
tion planes, to diow relation of deposit to inclosing strata. Ail workings cut by a section 
plane are accurately plotted; stops openings are specially important, to exhibit relation 
of advancing stops to geologic features of level above. 



Fig 6. Working Geological Sheet (on Tracing Cloth with Edge Bindinge) 


In Fig 7, assuming projection of unknown features to be fairly accurate, the proepeeUng and 
davdopment of the faulted vein eegmenu are readily planned for minimum eost VerUeal eeotiou 
are upeoially ueful for projecting vdns, faulte, dikw, or rock strata, through considerable distances 
On dip, to detmmine pouible intersections or uniou; also to locate vein apiom with refennu to 
daim boundanu, under law oontaining the "extra-lateral right" providon (see See 24), 

Longitudinal vela projections determine structural relations within plane of vion or 
fault along the sttike. All workings should bo shown; whether in vertii^ projection, or 
on a pluxe approximating true dip, must be decided in each case. Principal use of longp- 
tudinal sections is to show extent of stopes. In geologic work, intersecting veini, faults, 
or changes in country roek are the only struotural features that can be represented. The 
piteh'or gmreral trend of orebodies oeeurring in shoots or irregular shapes is well shown. A 
cross-fault, not exhibiting lai^ horis displacement on plan, often causes oonnderable ver- 
tioal displacement in plane of vein (Fig 8). Longit sections bring out clearly the influence 
of junotions or intersections of cross-veins, faults, or changes in wall !rock. 

Frw^cal use of gsologic nape: (a) to assist in reducing raining ceste; 0) to tea||then 
life ai mino; (e) to preaeorve a geok^o record of mine for future .use. A tlKwoui^ undn^> 
etarjirting of. the mine geology by mip«inteade&t. to adfanee efmplavitim, is of ftime 
toipcrtanoe far avoiding uadess underground proryeeting. Where gsdogyiaeorap^radnA, 
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it ii rteetity poMiUe for the mine eteff to comprehend intrieete etnieturml relatione (d irahw 
and faoite, however familiar they may be with the mine workings. Best results are 
obtained tor oomUned use of plan and vertical-seotion geologic maps, possibly aided fay 
^ass-section modela Veins and 
faults are projected on strike and 


dip, and probaUe positions indi¬ 
cate by etted lines. 

Sueh sdvanee interpretation of 
geologio Btrueture aaeiata eupnintan- 
dent and foreman in idannins the 
larser development of mine, and in 
eearohing for new veins or faulted 
■ogmante of known veins. Level work¬ 
ings intended as permanent openings 
for drainage, air or haulage ways, 
shafts, pump stations, and raise eon- 
neotions should, if possible, be laid 
out to avoid faidts and heavy ground. 
Maintenanee costs of mine opsninn 
are directly affected by nature of 
ground encountered; hence the value 
ii oanfully prepared maps, showing 
probable areas oi heavy ground. To 
have the structure w^ in mind, the 
geologist must follow closely the ad¬ 
vance of mine openings, so that when 
a vein is cut off t^ a fa^t or dike, no 
money is wasted in search for the lost 
segmsnt. Mme foreman and geologist 
must therefore work in harmony, so 
that, in beginning search for faulted 
rein, the first round of holes may be 
properly directed. When fault none 
is wide, or composed of more than one 
fisaurs, its entire width should be 



Fig 7. Vertical Cross^ection on Coordinate 3800 of Fig 6 


penetrated before search for faulted 

segnmni is begun. Owing to irregularities in orekieposits and frequent tendency of vein fissum 
to biwnoh, or ohange dip or strike, the mapping of smaller structural details often assists in keeping 
an exploratory drift on the important branch or fissure; and the proper subsequent procedure 
for exploring othw branches readily suggesta itself. If the deposit be in segmentary rock. 



Fig 8. Vein Mm, Longltadina) Ptrojeetion 


mmlageften dbekeae strn e tnr al or genetie relatione, ii any, between ere and eertaia cock strata. 
Bei a t te n e of on ooeut tyioe s to minor fiasimB, bedding, er eleavnfli planes may nln fas mraeM 
by ekn etadr «f meonled o b ee rv n ti ene. 
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CompFohensive knowledge of the geology of a mine hu a direot bearing on ite length 
of life. The period of proiitaUe operation may be extended recovery of faulted eeg" 
znents of veins; or new orebodies may be discovered by study of the inii)« geology and of 
the workings of contiguous properties. Geologic investigation often reveals the nature of 
factors controlling ore distribution. When a mine shows signs of failure, through faulting, 
or impoverishment with depth, those in charge must decide on future course; whether the 
conditions call for a shut-down, or a fisher expenditure based more on hope than on 
sound judgment. 

i 

Geologio maps are valuable in ease of apex oontrovetsies. It may be of the greatest moment to 
have detailed records of geologic structure, and of mineralogio character of exbauated orebodiee and 
parts of nine which have become inaccessible through caving. 8ueh maps and records, supple-, 
mented by models, may constitute the chief court exhibits in mine litigation. When a mine is to 
be abandoned and allowed to fill with water, accurate maps, brought to date at time of closing, are 
of Boientific value for subsequent geologic study of district, and of vital importance for future work 
in adjoining properties. Each mine geologio record ia aleo useful in advancing knowledge of the 
science of ore-deposits. 


BIBLIOGRAPHY 

Brooks, A. H. Applied Geology. Min <fc Sei Pr, Vol 104, p 234 
Brunton, D. W. ueolugical Mine Maps and Sections. Trans A I M £, Vol 36, p 608 
Chance, H. M. Construction of Geological Cross-sections. Trans A 1 M E, Vol 9, pp 402, 510~518 
Cbarleton, A. G. Graphical hlethods Applied to Delineating Orebodies. Trans Instn Min A 
Met, Great Britain, Vol 0, p 203 

Farrel, J. M. Geologicu Mapping of Mine Workings. E & M Jour, Vol 86, p 385 
Farrel, J. H. Topographic Mine Mapping. E A M Jour, Vol 91, p 618 
Farrel, J. H., and hloscs. A.. J. Practical Field Geology. McGraw-Hill Book Co, N Y, 1913 
Fisher, F. L. Organisation of Mine Surveying Work, Maps, etc. Anaconda Mines. E A M Jour, 
Jan 8, 1921, p 58 

Gilbert, D. C. Mine Maps. E A M Jour, July 13, 1931, p. IS 

Harding, J. E. Mapping Croes-eecs of Orebodies; combination of drill-hole data and geological 
deductions. E A AT Jonr, May 10, 1924, p 767 
Hayes, C. W. Handbook for Field Geologists. John Wiley A Sons, N Y 
Hayes, J. L. Maying Practice, Anaconda Mines. E A M Jour, Nov 17, 1923, p 841 
Hendrickson, W. H. Useful Clues for the Mining Geologist. E A M Jour, Vol 90, p 772 
Irving, J. D. Field and Office Methods in the Preparation of Geological Reports. ,Beon Oeol, 
Vol 8, p 66; discussion, pp 373-397 

Joralemon, Ira B. Geology Applied to Mine Examination. E A M Jour, Vol 94, p 247 
Linforth, F. A. Applied Geology in the Butte Mines. Trons A 1 M E, Vol 46, p 110 
Linfortb, F. A. A Milburn, E. B. Geology Applied to Mining. BAM Jour, Vol 91, p 664; dis¬ 
cussions, pp 700, 845, and 1144 

Lyman, Benjamin 8. On the Inmortanoe of Surveying in Geology. Trans A I M E, Vol 1, p 183 

Mitchell, O. J. Mine Geologic Surveying. E AM Jour, Mch & 1021, p 423 

Park, Jamee. Text-book of Mining Geology. J. B. Lippincott Co, Phila 

Rice, C. T. Value of Geological Work in Limestone R.egions. E A M Jour, Vol 90, p 1161 

Rickard, T. A. Geology Applied to Alining. Min A Sei Pr, Vol 100, p 479 

Sales, R. H. Ore-deposits at Butte, Mont. Trans A I M E, Vol 46, p 3 (90 pp) 

Smyth, H. L. Magnetic Observations in Geological Mapping. Trans A I M E, Vol 20, p 040 
Soroie, R. F. Geology for Engineers. C. Griffin A Co. London, 1911 
Spurr, J. £. Geology Applied to Mining. E A M Jour, N Y 

Spurr, J. E. The Geologist in Relation to Mining. E A M Jour, Vol 76, pp 4 and 766 

Stewart, C. A. Geology in Examining Prospects. Aftn A Sei Pr, Vol 104, p 622 

Wilson, W. H. Tii-dimensional Mapping of Extensive Mine Workings. Trans Instn Min A Met; 

Great Britain^Vol 43 (1634), p. 545; Vo! 46 (1936), p. 366 
Woodruff, £. G. Topographic Maps for the Mining Engineer. Trans AI M E, Vol 47,,p 16 


2. MINE MODELS 

Qasslfleatioa. A, Working models, to supplement mine maps and elucidate complex veia at 
fault stoueture. B. Court exhilnts in law suite. C. Models for exhibition purpoeee, or for thoee 
who are unfamiliar with underground conditions or lack facility in oomprehendisc amps. A model 
may be inteaded eluefly to illuetrate a mining method, geologic structure being neideGt^ or brosdly 
idealised; in this ease the scale must generally be so large that only a part of the mine can be shown. 
At the oHter extreme is the model exhibiting the ore-depoeite with reference to boundary lines, as 
for court use, in which geologie features we made paramount. An intermediate poeition ia ooeupisd 
by tyxies like the glass seetional models, which combine detailed geologio structure with eorrect 
portrayal of the mine workings. According to type of construction, there are 6 classes: (a) skeletoB 
working models; (5) veia modele; (c) models of mine timbering; (d) solid models; (s> glass modsls. 

Choice of dooign. Important features of a mode! for mine use and to illustrate geologio struct 
.ture are: Mse aad rapidity of construction; facility of malting additions to bring mo^ up to 4fte: 
durability of construction: preferably not requiring servioes of BpeeiB% sltiUed m e c h i mi o; xeei^-' 
able eoet. For court uae, deeigner must reaMmber that the model is eUefly for information of li^ 
men, not engineers. Hence, d^gn is simple, to emphesiBe importaot features, and on a scale large 
enough for oourt and jury to eee model olewly. Exlffibition m^ls need lo^.bs built with legstd te 
future use at aune, nmr oonvenienoe of makh^ additloiie. Benoty M deaign liuty' bd gMA gaon 
arienttoa and'there is usually more latitude ae to ceet, . 
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Sktlttoa working model, baaed on mine maps, ia a amall-aoale reinmluetion, in woa%l 
or other aubatanoe, of abafta, drifta, atopea, etc, which are modeled to aoale and aunmrted 
in true relative poation by light iron or wooden truaaea. Metal truaaea are beat, bang leas 
bulky and not eaaily confuaed witli working parts. If shafts extend to base of model they 
are usually of steel, to serve also as structural supports. The principal workings (other 
than atopes) are of strong, tough wood, like maple. Stopea are beat made of pine, for 
readily cutting into irregiilar shapes. Levd workings are cut in the rough wi^ jig-saw, 
shaped with chisel or knife, and fastened together with brads, wooden pins or ^ue. The 
trusses are supported by a smooth, wooden base, on which are drawn the chum lines and 
coordinates of the mine system. Each working ia given its true gradient, by previous 
determination of many elevations, for showing relations to adjacent diafts or mines. 

The skeleton model, not intended for geologic study, may be painted one color, preferably light 
gray. For portraying geologic features, also, the ore-deposits and faults are paint^ in oontraating 
oolora, like red, blue, and yellow. Trusses and other supports are painted black. Names of shafts 
and veins, and working numbers are lettered with waterproof ink, or by pasting on printed labels. 
Surface topography may be shown by; (a) iron wires, each bent to represent a contour and fastened 
at intsrvab to those next above and below, and all held in position by a light metal frame, attached 
to supporting trusses; (h) ordinary wire window screen, or a sheet of gelatin, shaped to topography. 
Proper aeale of model depends on dimensions of mine; 40 ft to 1 in is good for average oonditiona; 
60 ft to 1 in ia too email, and 10 ft to 1 in generally too large. 

Skeleton models are not satisfactory for illustrating geologio atrueturs, unless there are many 
continuous workings in the ore-deposit. They are excellent for court use, if ore-deposit is well 
stoped out and not excesaively faulted. In absence of connections between levels, vein continuity 
can be indicated by wires, strings, celluloid or gelatin sheets. Cross-faults, or slightly developed 
veins, the position of which can be approximated, may be shown by glass or celluloid sheets. 

Vein models are made to scale from cross-section and level maps, which show Vein 
boundaries. The vein is built of solid wood, beginning with lowest level; or the level 
sections are made separately and afterward combined. If vein be regular, the whole, or 
large portions of it. may be shaped from a single piece of wood. Mine workings are out¬ 
lined with ink on the vein. Topography and claim lines are shown as for skeleton models. 

By combining vein model with skeleton model, the position of vein referred to mine openings 
is shown. Though well-designed vein models may exhibit effects of vein intersections, faulting, and 
changes in strike and dip, they have little practical value. To build them requires a skilled cabinet 
maker, and for solving geologic problems they are inferior to sheet-glass models. When much of 
vein is undeveloped, large portions must be idealized, giving definite thicknesa and form where 
these iactors ue wholly unknown. 

**Peg*’ models are commonly used for tabular deposits like the disseminated coppers 
proved by vertical drill holes. 

Claims (and sometimes surface geology! are drawn to eeale on enameled surface of a board or 
table, in which are smaU holes corresponding with the drill holes on the ground. In the holes are 
set VS'ln pegs. Surface of table represents a certain elev above sea-level, and lengths of pegs are 
auch that the top of each represents the surface elev at corresponding drill hole. Different forma¬ 
tions cut by the drill holes are shown by painting the pegs different colors: thus barren oapping, 
white; oxidized ore, green; sulphide, black; sulphide ore below commercial minimum, gray. Strings 
may be run between transition points in adjacent holes. 

Mine timber models are poeaible only where square-sete are used and accurate stope records 
kept. Drawbacks: high first cost and cost of keeping model posted up to date, expert workmanship 
needed and difficulty of making additions. Chiefly for ezbibitioa and court use, but if on large 
aoale, method of timbering is well shown. 

Solid fUuM mod^ consist of superposed plate-glam sheets, in which are cut openings corre¬ 
sponding to those in^iae. Accurate stope plans or sections are required at 8-ft intervala, each 
glass sheet corresponding to a plan or section. Outline of each opening ia marked on gloas, sawed out 
as in eeroU-eawing, and inner eurfaeee of openings painted any desired color. Plates are cemented 
together by Canadian balsam. These models are costly, and can not be altered nor extended. 

Solid wood models are of wooden eheets, VS~2 in thick, each representing a vert slice through 
mine. From maps, the workings and geologio structure are drawn on the wood; sometimes open¬ 
ings are cut to correspond with mine workings. Lower edge of each sheet rests on the base, uppw 
edge shaped to represent topog of the slice. After assembling, claim lines, outcrops, buildings, etc, 
are drawn on upper surface. For ready access to any section of model, the slioes may be bung on 
hinges. To illustrate surface features only, as in bbubf maps, wood, clay, plaster of parls, and 
oompoeition raateriala may be used. Ccmc^e has a limited application, for dargMcale models of 
ssetions of mines, to show method of timbering; or for topoi^aphie models, where but one erosa- 
aec k de#ad; oonwete b too heavy except few permanent exhibits, as in museums. 

QIms ••ctioa SDOdols, eonmsting of horixontal or vertieal sections, a» the eheapeet md 
moet ^eetive for geologic study in connection with mine development. The horisontsl- 
seotiw ig madeiiiy tTgoudaring the mine level workings to glass sbaets, so as»aoed in 



19-10 


MINE GEOLOGIC MAPS AND MODELS 


v«rljcal amuacMtient M to ihoiw the workmge in true vertical and hmiaontal telatkHUk 
Accurate mine mapa and geolojpo mapa (or fidd notea) are prerequiaitea. The worldnga 
are outlined on tiie i^aaa by a mixture of black oil paint with ^Id «ae and turpentine, of a 
Gonautencjrtofiowreadiljrfromarif^t-Unepen, but not ao th^ aa to apread or make abarp 
linea impondble. (Waterproof ink doea not adhwe well, nor atand wadiing and ducting.) 
For ihowing the geology, uae tube painte, of colors oorreaponding to those of the mine 
mapa. Put working outUnea on upper aide of i^asa; geologic features on under aide, traeed 



Fig 9. QIsm Modd, Front GL Model, 

ISlevation and Plan Front ESevation and Plan 


directly by placing the glaaa on the geological map. Additions may thus be readily made. 
Dips of veins and faults may be added, tnit side notes are omitted. Property linea are 
drawn on each glass sheet, so that all will show true horia relations. Put names of claims 
on uppmmoat dreet only, togetirer with vmn aiMcea, surface openings, and idiaft names. 

Stee of idsBS. Oreatest dimennons should not be over 42 in, on aooount of weicht and danger 
of breakage. Work ie fadlitated by using same scale as that of mine mape. Otherwise, where 
geologic Btrueture is not complex, a seals of lOQ ft to 1 in ie eatiefactory, permitting large area to be 
shown on a small sheet. Ordinary window glass will do, though ineture ^aai is better, being freer 
from flaws and more imiform in thicknees. Plate glaae is heavy and expensive. Fob pxaiuifaMT 
coHBsaccnoM the eoMte are epaoed vertioally in model frame, to oorreepond with mine level 
elevatioBB. Hg 9 ehowe the tddw tsrpe of eonetraction, the riieeta bring carried w eleate. Is 
another form, the sheets we supported in grooves; to avoid breakage of ^aie by imerible epreaffisg' 
ef sidm cf frame, metal runnm may tw nailed flush with bottom edges of grooves. Fob nuivcnuwT 
uasu Inrttmd of 4>poet frame, eheetp may ba sat up with 24 b wooden bloaka between them,, ef helghte 
emidl to differawee in elevatien tM the eueoeaeive mine When no longer nee d e d ! , the eh eri e 

aeay be eleaiied of peiat aad need agrik AdMBndtyinuaiBgordSaary^ameheetefordfspmiaea 
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k tlMt, aot Mni perfoetly traupannt, when than an matijr aliMto, light k eat off from th^ aegr 
bottom. A partU remedy k to eet eleetrie light balba on bate of model, or inetaad of wooden baae 
OM a aheet of groundLflem. The geologio detaik are abo eonfueed where there are many lewek. 

ModMnd flMi model for doop mlaon. The difficulties mentioned above are ettoeeaa- 
fully met by a deaign uaed by the Anmsonda Copper Mining Co (Fig 10). Mo^ is built 
ig) in seetions similar to those of a sectional book case. Seetions are of 12~, 18-, and SM-in 
aises,' eaeh holding a certain number of level sheets. The sections are uaed independently, 
or may be built up to any desired height; tdl are of identical oonstniotion, except base 
section, which provides support and means of illumination. 

Mounted verUeally on oorneri of wooden baae are four >/ 4 -in threaded rode. Nuts of 2-fn 
outeide diameter are threaded on rods, for aupporting the level aheete. Small aheeta may raat 
directly on nuta, but, when larger than 30 by 30 in, large woahera are placed on nuta. The ro^ are 
held rigidly by 1 by Vsdn atrapa aoroia their tope. Alongaide of each rod ia a aquare wooden 
aeale, free to revolve, and graduated to different aoale on eaeh aide. The level aheeta are apaeed at 
then reapeetlve elevati<ma by the nuta and aealea. Eaeh sheet ia slid into position from the front to 
contact with an upright atop at the back, running from baae to herisontal straps eonneeting tope cf 
corner rods. For high and heavy modek, an outer wooden frame k added. Succeeding seetions 
are aame as base section without the base. The lower ends of the wUcal rods of upper section are 
turned down and threaded to fit into aoeketa in topa of rods of first section. Additions are also 
made to the scales, furnkhing a continuous graduaUon to top of model. 

Advantages of sectional glass modal: (a) adaptaUo to maps of any scale; (b) same 
frame may be used for any mine, new glass only being necessary; (e) glass geologio shaata 
may be filed away like maps, until need^; (d) model easily dismantled and stored; (e)with 
dii^t modification the upper sections can stood on edge for holding vertical insets, 
forming a verticd section model with supplementary level sheets. 

VsrticBl>saction glass modal supplements the horisontal type, for showing vertical 
relations of structural features of the deposit. The sheets are spaced according to planes 
of section, and set in grooves in a wooden frame. Claim lines and intersected workings are 
shown, as on the horisontal sheets. For a mine more than a few hundred feet deep, a scale 
of 100 ft to 1 in is satisfactory. Sise of glass should be sufficient for making additions, as 
mine becomes deeper. This tjrpe is especially useful for study of deponts having huge 
lateral dimensions, as compared with vertical extent, such as the disseminated copper 
deposits. Horisonttd relations of geology and workings may be shown by drawings on 
strips of glass, fitted between vertical sheets. 

Modifications of glass soction>model are generally designed to show geologic and 
working continuity from dieet to sheet. The following construction is excellent: model 
in wood the raises, stopes, and other intermediate openings; paint workings same color as 
that given to vein in which they are made; attach tb the glass sheets by “ Caementitun," 
which readily adheres to wood or glass. This model, a combination of the glass-sheet and 
skeleton types, is unsurpassed for indicating vein continuity between levels, where there 
are raises, but no extensive stopes. Tum obiatin bbxbts may also be used to represent 
vein and workings between levds; when tiightly warmed, they are readily cut and molded 
into any desired diape. The gelatin sheets are placed in position between the glass 
sheets, following variations in strike and dip, and fastened to glass with glue or cement. 
Thus, width of each gelatin sheet equals distance measured on dip between levels. Areas , 
removed by raises, winzes, and stopes are marked in ink or painted on the gelatin. This 
construction is not entirely satisfactory for two or more dosely spaced veins, or in eases of 
complicated faulting; otherwise, it combines in a thoroughly practical mwoner the longi¬ 
tudinal ^pe-map and the glass-sheet geological model. VbbtioaIi onasa bhbbtb fitted 
along section lines bbtwbbn bobizontai, sheets may also be uaed to show vein continuity 
and workings between levels. Workings intersected by the plane of section me drawn on 
the vert sheets, with the geologic facts disclosed. As a substitute for both horis- and vert- 
sheet models, ^is combination is of doubtful value. Though the vert strips fumisb some 
support for large horis sheets, they restrict the view of observer. For small models, the 
vert sheets may be continuous, horis relations being shown on narrow strips between them; 
but the tendency of narrow horis strips to sag is not easiiy overcome. 

Dust-proof ceastructioB of the aupporting framework is denrable for all models, 
especially for glam-section tjrpe, the ahMts of which soon lose transparmicy because of 
dust. Complete p^ass cases may be supplied for large permanent models;, or a k>ose 
wooden bos cover of li|^t ocmMniction, for modds used only at intervals. Cloth ooms 
are not duatiproof. 
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mm ORGANIZATION 


katrednedoa. A full diaeuMion of thia> aubjeet would bo longthy, ooveriag the rektiona 
between the obieota of the buaineea and the field of teohnioal knowledge and praotiee. The aim 
here ia to exhibit methods of mine organisation and management ebiefly by means of eonerete 
examples. The examples given are to some extent interrelated. Thus, the daily reports given under 
Cost4eeping (Art 4) will throw light upon the diseuasion of Mine Keoorda (Art fi), and both subjeots 
are supidemented ud amplified by t^ extensive aeries of eost tafaies in ^o 21. 


1. BUSINESS MANAGEMENT 

Sgsentlals of effldeiit operation are: correot understanding of the producing poesibil* 
ities of the mining property; good technical methods and operating skill; adoption of 
correot methods of finance. The foundation upon which the working ottcnuism rests is 
the stockholders, who we responsible for the conduct of the business. Iti the case of the 
• IgrCB corporations, now common, actual control is usually exercised through leadership 
of A few active stockholders. Such a situation sometimes results in abuse and mismanage¬ 
ment, because the body of stockholders feel that their votes have little or no effect on the 
conduct of the business. G^ntroUing groups sometimes bribe the stockholders by paying 
unearned dividends. Conduct of the business by a single owner or by a small group of 
partners is usually more efiicient, though not necessarily so. In large corporations the 
management comes to lie in a practically self-perpetuating committee of stockholders, 
called the “ Board of Directors ’’ (see below). This board usually has power to buy and 
s^ the company's properties and products, to dispose of its funds, and to borrow money; 
it can expand or contract the butineas, it is the mainspring of efficiency of the enterprise, 
and in it lies success or failure. 

Mining companies may be divided into two groups; (a) those which limit their expecta¬ 
tions to working a given property, and when that is exhausted to wind up the busineas; 
(b) those which contemplate perpetuating the bumness; these do not depend on a sinido 
mine, but by constantly setting aside part of their earninga, or from time to time obtiuning 
new capital, or both, provide for purchase and development of new mines. The second 
type at oorporation hu a more aggressive policy, and the Board of Directors is usually 
composed of men expert in some branch of the mining bunness, to whom organisation of 
mining opwationa ia a matter of vital personal concern (2). Examples follow. 

American Smelting A Refining Co is an example of the second type of corporation. It 
is the cental organisation of a group of companies engaged in mining, milling, smelting, 
refining and selling of copper, lead, sine, gold, silver and other metals, derived from ores, 
concentrates and scrap, produced from mines owned, leased or managed by thd company, 
or treated on toll contracts, or purchased outright from other sources. A combined capital 
of about $ltfi 000 000 is represented by fixed investments and working capital in different 
fonns. There are many thousands of stockholders and probably 100 000 employes. 
Annual dividends approx $12 000 000 (1938), and large sums are set aside annually to buy 
new properties to replace old otves. Its general business has steadily grown. The Board 
of Directors comprise 21 members, of whom 11 might be described as investors or capital¬ 
ists primarily. 'The remaining 10 are distinguished employee who have been and still are 
experts in mining, transportation, metallurgy, accounting, executive work and the law. 
Tto Executive Committee consists of 12 of the most active directors. The Finance Com¬ 
mittee oonsista of 2 of the members of the Executive Committee and 8 other directors. 
Therfi are 17 general officers; President, 8 Vice-presidents, including General Counsd 
and Treasurer, and a Secretary, Comptroller, Asdbtant Comptroller, General Auditor, 
. \ ssist artt General Atiditor, Assistant l^asurer and Assistant Secretary. Seven of these 
general officers are Directors. The Vice-presidentb sfe executive heads of the principal 
departments. There are also 25 miimr department heads and consulting engineers. 
Minor departments comprise sales of metals, purchasing agency, heads of important groups 
of mines and smelters, traffic and insurance managers. The entire group of 56 business 
heeds, flnanciere, emutives and directors are responsible organisera at the business 
dubordinate to them are the managers of mines, mUls and melters. 

8t Joseph head Co, Missouri, is another example of the second typo. There mp 18 
dimotors, 8 gSneral offioers, Presideat and Chairman, Vioe^president a:^ Sales Masmger, 
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VliUHVMidMrt Mul Tr«Mur«r, «nd two othw Viofr-prawfenta, a Seowtory-atid S Aariatant 
SaoreWiM. The opeiating diviaioos are in oharce of managan and aupeiiatendtBta. 
with a itaff of miniiUE and laettdlurgieal enidneera, geologista. and attomqjir 


2. TECHNICAL MANAGEMENT 

0«B«ral laatorei of tiiia part of mine organiaation are iiluatrated by the deacription 
of the American Smelting A Refining Co (Art 1). For smaller organiaationa, the plan is 
rimilar, on a reduced acale, i^nerally with a amaller proportion of staff officers. 

Organisation data: Total number of employes of an elaborate organiaation ue shown 
in Table 1. The operations comprise: (a) exploration by vertical diamond drill holes 
from surface; (b) development from existing workings to orebody; (c) mining without 
timbering by bhwting in bwisontal or breast stopra, shoveling ore into cars (between 60% 
and 60% of the ore is loaded by mechanical Novels), hauling to shafts by tr<Jley and 
storage>battery locomotives, hoisting by skips in dout^ compartment shafts, there being 
one shaft at each mill and no surface haulage of ore, all electric pumping; (d) primwy 
and secondary crushing by gyratories and roils, to a maximum of about 7 mm; (e) con* 
eentration by jigs and tables, with flotation of the slimes and reground middlings; (J) trans¬ 
portation of concentrates to smelters; (g) roasting, smelting in Uast furnaces, refining;, 
tb) transportation of pig lead to market. 

’ All the mining and milling divisions are completely electrified and the entire load is. 
carried by one central power station with a capacity of about 35 000 kw. All the steam 
is generated by large boilers with pulverised coal firing. The load is usucdly carried by 
two 12 600-kw turbines, equipped with surface condensers. For condensing purposes the 
hard mine water is treated by both Booth and Permutit systems before bring circulated. 
The operating cost per kw-hr is, approximately, 0.6ff. This company operates 4 m ill s 
and 1 smelter. Normal output ia about 16 000 tons of ore per day, and the whole operation 
is under a Gen Mgr. Each mining and milling division has a supt and there is a aupt for 
each mill. There are also engineering, legal, employes' service and medical departments. 


Table 1. Example of Orgaitixatioa Data, for Month Ended Hch 81,1986 


Employes 


General.’. 108 

Mines. 1420 

Mills. 429 

Machine shope. 195 

Carpenter shops. 35 

Electric shops. 48 

Yards. 85 

House repairs. 8 

Steam plants. 13 


Employw 


Prospecting.... ... 82 

Construction... ... 141 

Operating. ... 99 

Power. ... 3 

Heating plants.. ... 6 

Total shifts for month., 2 872 

Total tons ** “ . 15 228 

Aver tons par man in mines. 9.4 

Aver tons, total em^yes ............ 5.3 


Daily ntine records. Contrary to a common idea, the daily mine reports are more 
important in securing results than the permanent records. A mine is a series of working 
faces, under constant attack, and constantly presenting new conditions to be met from 
day to day. A manager who waited for monthly costs and production statements as a 
basis for maltin g changes in his stopes might find that many or all parts of the mine had 
beoome unprofitable before he got his information. Since tiie chief proUem is to make the 
mina yield a profit all the time, any work which has ceased to pay mutt be stopped immedi¬ 
ately. To determine this, the manager must know from day to day the rate of production 
and ^e cost of each part of the work (7). 

DriUy eatimatee of profit. For these, formal statements are unnecessary. The 
manager can usually calculate them readi^, if he knows the number of men employed 
and the tonnage produced. Then, total cost of operation, divided by number of sldfts 
of labor emplosred, gives cost per man-day. In a specific case, the total cost charged for 
mlttiwg, milUng, frright, general expense, etc, for one month was $54 302; number of man- 
ahifta, 9 391. Cost per shift was'therefore ^.77. So long as the mine oontinuei to work 
OB WtflM basis, this cost is praotioaUy oonstant, and may be counted upon with oonfidenoe 
for oalouilations. With a labor tabulation ihomng 400 men at work on a given day, 
the **»M*»gT of able mine can instantly calculate his expenses: 400 X $6.77 ■■ $2 300. 
Thssk, if ho oah ealoulato that the ore wiU yirid sey 160 os grid par diy, at onee figures 
Us<li^liuomeatabout$3100, and his profit,!^. This illustnitss the prinriple under* 
lying the daily rsoonrda. 
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Caleulatioa of daiif yldd, how«T«r, it (»ly apprmdmAte. For s gold aaiiMt the TtMiMl 
laay sppMr iomssriiat m fdUovi: 

FroiR thb ubolRtion, th« an «ppm< 
•atly ii worth oboot 9191 par ton. But 
•xporieneo provw that grab aanplaa, 
aa a rala^ ma high, and that it ia aafa 
to figure oa oaly 79% of tiieir value; ia 
thia oaae, 99 per Coo. Furthenaore, if 
the 110 toaa from worldag ^aee C 
aaeajre oaly 0.32 oa (90.40 per t<m, of 
whieh 76% ^ 94.80), aad if the werfe' 
iag eoet la 90 per too, atope C ia platalr 
loaiog mooey, aad it ahould iama^ 
ately be iaveatigated. 

Daily Statenaata. Some eimple prooeaa of oalculatioo oao be eatabliehed for each miae, aad 
for each importaat working plaoe in it. Referring to Table 1, the men employed in each aubdiviaion 
alight be entered upon a di^y atatement, whloh oan be made oa a horiaontal line of a form ruled 
with one line for eaeh day in the month. By filling it in dally, the number of man ia azUblted ia 
any deei^ed detail; alao the daily produot from the working plaoee for all the preoeding daya of the 
month. Information of Uua kind la needed idao by aupenateadenta and foremen, for their leveral 
departmanta. Though the interpretation of daily reporta oan be baaed intelligently only upon the 
eomplete periodical coat atatement, yet the daily aotivitieo of manager, auperintendenta, and fore¬ 
men are intimately connected with them (fuller detaila given in Art 4). The formal monthly atate* 
menta are regarded aa paat hiatory by active men, who receive them with only a mild intereet and 
use them chiefiy to check ooncluaiona drawn from the daily reporta. 

Mlnu mnpg. Seo 19 givea detaila of mine maps and models, from the mine Biologist’s 
standpoint. Geology of a mine is an indispenmble part of the information eonvej^ by 
maps; but maps also exhibit engineering features, namely: location of workings; depths, 
dimenaiona, and volumes of ore; position of boundaries and approach to areas of dis¬ 
puted title; opportunities for more effective handling of ore, timber, waste rook, filling, 
etp. A good set of maps ia an important aid in attaining efficiency of operation. A 
system of maps, from which dated blue-prints aye made at intervals, and fil^ for record, 
furnishes the history of the development of a mine and the best means of forecasting its 
future. Lacking a comprehensive syst^, much valuable information may be lost. In 
working a mine, details accumulate rapidly and are difficult to correlate unless they are 
recorded at once and made parts of a broad scheme. In general, the maps should be made 
in following order: 

1. Property maps, showing ownerships, boundaries, and monuments. 

2. Surface maps, showing topograpl^, roads, buildings, streams, pipe UnM, eto. 

8. Surface geologic maps. 

Bote. 'A single map may cover functions 1, 2, and 8. 

4 . General maps of workings, showing: (o) areas explored; (6) areas worked; (s) gen- 
er^ geologio facts. 

5. De^ maps, showing: (a) undergroimd geology; (b) occurrences of ore; (e) dia¬ 
mond-drill records; (d) assays; (e) depths and elevations; (/) other pertinent facts. 

0. Detail maps of stopes, developments, wrorkings (drifts, crosscuts, raises aad winsss), 
tracks and ore chutes; also detail assay maps for individual working places. 

If neecscary, mapb can be mads oonvsnientiy uniform ia siae, by adopting different nalw aeoccd* 
ing to the amount of detail required; and all ehould be syetematiied tm ready reference from one 
to another (11, 12, 17). Thtir utility ie determined by the ease with whieh they yield the daaired 
facts, and display the oritioal mining conditions. 


Working plaoe 

Toaa 

Grab sample 
aaeay, ounces 
par ton 

Total ounces 

A. 

24 

1.06 

27.56 

B . 

19 

1.96 

37.24 

C. 

110 

0.32 

35.20 


155 

0 61 

100.00 


MINE ACCOUNTS 
S. PRmClPIBS 

s 


Two atttods, bvoadRF xpeakiag, are adopted (or keeping accounts Of mining eoa- 
nlsa. In one. «r9 ohw«ed to production at the time they am made; fai 

certain 4Wpi(|iiditot0s am earriad as ” Capital Accounts,” to be written o9 as 
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domoUEtfen ( 8 , 14 * 31,32). Sinoe Miaotaumt of tlio Fode»l Loioomo Tax Law (Seo 34^ 

moot oompOniM um the latter method, or a modifioation of it (eee foUowiO( statwxepts}. 


A. Adanal Stattment of Mohawk MlnlBg Co, Mich, for 1318 


Weeriifod txmn 5 778 23S lb oopper O 1S.36((. 8 887 618.30 

WorUag expeoM at mine, per itatement. 8601 890.77 

Saultliia, fnight, ud N Y aad Boeton expeaie... 67 263.17 669 153.94 


Profit. 8 218 464.56 

Expenae for eonetruotioa.. 8 66 972.17 

Strike expesae. 27 652.87 94 625.04 


Net profit (brianoe over ell expeodaturea)... 8 123 839.52 

Total aurplua, Deo 31, 1912 (balaaoe of quick aaaeta). 897 316.40 


81 021 155.92 

Dividenda paid, 1913. 500 000.00 


Total aurplua Deo 31 1913 (balanee ^ quick aaaeta). 8 521 155.92 


B. Mohawk Miaing Co, Statement of Income and Profit and Loaa for 
Tear Ended Dec 81,1M4 


Saloa: 17 908 506 lb of eopjaer at 13.51474 per lb 


Coat of aalea: 

Copperonhend Jan I, 1924. 8 572 139.18 

Opmting expenaea at minea. I 403 403.06 

Smelting, freight and N Y expenaea.. 281 221.68 

VrOxaa. 61 271.16 

82 318 035.08 

Leaa oopper on hand Deo 31, 1924 at coat. 204 842 52 


Net eoat of oopper aold... 

Profit on aalea. 

Miaoellaneoua income: 

Intareat and dividenda. 8 21 284.09 

Benta received, etc. 32 817.69 


8 54 101.78 

Leaa intareat paid. 19 330.01 


Ptoflt for the pear before providing for depreo and depletion 


82 420 275.35 


2 113 192.56 
8 307 082.79 


34 771.77 
8 341 <854.56 


C. Rap ConaoUdatod Copper Company. Oporattona for the year Onded Doe 81, Ittf 


Operating revenue: 

Copper produced, 142 076 711 lb O 14.0754.. 

Gold “ 5 054.7655 oa d 820. 

Olver " 4 116.06 oa 9 70.34 . 

Operating expenaea: 

Inriudtng atripping and development. 
Ore driivery, adne to i^l.. 

MllHpg .. 

’haatmont, fr^ht and refining... 

Sriliaftexpenae.... 

Profit from operationa. 

Miaoellaneoua income. 


819 997 848.94 
IDI 095.31 
2 895.47 

8 6 216 944.68 
906 286.67 
4 198 532.35 
4 183 602.73 
177 588.50 


820 101 839.72 


15 682 954.93 
8 4 418 884.79 
215 463.37 


Total inoome..... 

Ohargoa againat ineome: 

Dt^reeiation. 8 914 096.64 

Lew 6n property retired, etc. 281 728.06 


Net inoome to aurplua aoet. 

Nalaneet Dee 31, 1024... 

Netineomefory^ (without deduction for depletfon) ae above.. 

Charjgw againat auqiliia: 

Admtional fedoral fabome tax for 1918 aad adjuafeinaata el 
afirphia Ito eenmetion tharowith. 

Bilaiwwt Dee St. I92S. 


8 4 634 348.16 

e 

I 185 824.70 
8 3 438 
813 478 
3 438 523.46 
8 i6 9{i6 700.91 


I84I38S.I7 
815 873 W ji 
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D. S«y CooMl CoppM Co and Bay A Oila Valloy BB 0» 


Diapodtioii of capital stock, surplus and profits, at Dee 31,1926 

‘ Incrssss 


Current assets: 

Cash. 

Metals OB hand and in tranrit. 

Accounts and notes receivable... 

Materials and supplies. 

Unadjusted delnts, prepaid insurance, eto 
Current liabilities: 


Accounts payable.9 7B5 047.26 

Treatment, refining and delivery charges not 

yet due. 1 026 196.56 

Xtescrvefortasesiinsuraneeandotherespenses I 0S7 S89.02 


Net current assets. 

Fixed assets: 

Mining and milling property.$11 351 243.41 

Construction and equipment, mine, mill and 

RR, leas depree... 1) 146 431.84 

Development, stripping and deferred charges 13 286 501.91 

Investments. 5 236 609.57 

Bond deposit account. 240 000.00 


Fixed assets. 

Total net assets. 

Total assets are represented by: 

Capital stock. 

Paid-in surplus... 

Surplus from operations. 

*Deoreaae. 


$ 2 985 281.27 
8 014 160.06 
883 542.76 
I 963 081.37 
244 247.43 
$14 090 312.89 


2 869 132.84 
$11 221 180,05 


41 240 786.73 
852 461 966 78 

$30 771 790.00 
5 764 321.09 
15 925 855.69 
$52 461 966.78 


during yr 
$1 150 236.81 
I 260 021.97 
246 98$, $4* 
182 878.11* 
3 737.20 
$1 986 129.83 
$ 21 031.32* 

23 788.96 
691 891.69* 

$ 689 134.05* 
$2 675 263.88 

$ 15 269.62 

622 695.36* 
534 553.48 
32 787.50 


$ 40 084.76* 

$2 635 179.12 


338 115.55 
2 297 063.57 
$2 635 179.12 


B. Bay Coniol Coppor Co and Bay A GUa Vallay BB Co (assets and liabiUties) 


Assets 

Mining and milling property. 

Construction, and equipment, mine, mill and RR, 

lass reserve fbr depreo. 

Development, stripping and deferred charges. 

Total for mining, milling, RR and development. 

Investments. 

Bond deposit account. 

Unadjusted debits, prepaid insurance, eto. 

Materials and suppUea. 

Accounts and notes receivable. 

Metals on hand and in transit. 

Cash. 

. LiabiUties 

Capital stock issued and outstanding. 

Accounts payable. 

Treatment, refining and delivery charges, not yet due 
Reserve for taxes, insurance and other expenses... 

Paid-in surplus... 

Surplus from operationB. 

*DeoreBse. 


Deo 31, 1925 Deo 31, 1924 Increase 
$11 331 243.41 $11 315 973.79 $ 15 269.62 

1) 146 431.84 1) 769 127.20 622 695.36* 

13 286 501.91 12 751 948,43 534 533.48 

$35 764 177.16 $35 837 049.42$ 72 872.26* 

5 236 609.57 5 203 822.07 32 787.50 

240 000.00 240 000.00 . 

244 247.43 238 510.23 5 737.20 

1 963 081.37 2 145 959.48 182 878.11* 

883 542.76 1 130 530.80 246 988.04* 

8 014 160.06 6 754 138.09 1 260 021.97 

2 985 281 27 1 835 044 46 1 150 236.81 

$55 331 099.62 $53 385 054.55 $1 946 045.07 

$30 771 790.00 $30 771 790.00 . 

785 047.26 806 078.58 $ 21 031.32* 

1 026 196.36 I 002 407.60 23 788.96 

1 057 889.02 I 749 780.7 ) 691 891.69* 

3 764 321.09 5 426 205.54 338 115.55 

15 925 855 69 13 628 792.12 2 297 063.57 

$55 331 099.62 $53 385 054.55 $1 944t 045.07 


4. COST-KEEPING 

OMtol. TnUe 2 allows that detailed cost-keepiap ia not aasentially a part of the 
fliuuioial records of a mining company, but is a system of costs and data kept sepamtdy 
bp each department, the total cost represented on cost-sheets agreeing with toM cost 
shown on operating books. Gene:^ accounting firniishes a finailcial reoord for title myi- 
agement, while cost-keeping provides data for the operating httida, to enable them to 
regulate expenditures (see Art. 2). 

Cost-sheet. Accounts kept by the mining department for its cost reooids'vary 
gneording to the mine (14, 21, 22), In any ease the fin^ eo«8-Aes* abmild be brief attA 
dtal with totals carried forward from detailed daily records. Many accounts can not hg 
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dCM)^ MINE OEOANIZATION AND ACCOUNTS 

direetiy di«trlbuted to worldtig faoei etch dayi thowfore, on tho tnino OQ*t-idi«ei it if 
deairnble to deni only with leaerAl Moountf. Beferring to Table 2, under tlM heed of 
coft-keeping, theaocajmte tasy be as foUows: For nnvsboniiBNT direot: miners, muokefs, 
trammers, and timbennen. For sropmo direot: miners, dkovelers in stopes, trammers, 
timbermen, and expense for filling. For asMSBAii aoooumtb: hoisting, pumping, machine 
drills, explosives, sampling and assaying, surveying, watchmen, mine oflElee, superinten¬ 
dent, foremen, shift bosses, Uacksmithing, repairs and renewals to buildings, repairs and 
renewals to machinery, mine and shaft repairs, general surface expense, new construction, 
new machinery, tools, miscellaneous iron and steri, heating. To then accounts the charges 
are mode in the vertical columns of cost-sheet. The total of the mine accounts is appor¬ 
tioned to two general accounts, development and stoping; in some oases a third account, 
prospecting or exploration, is added. It is not necessary to keep a set of books for a cost 
system. Best method is a system of daily reports, distribution sheets, and loose-leaf 
record sheets. To facilitate filing, all reports are preferably in loose-leaf form. 

Besides the mine aoooimts, the following division of costs may be made from woBxnro 
race racoans (Table 4), after cost-sheet totals have been apportioned to development and 
stoping. For ■ucflora.tion: trenching, test-pits, shafts, diamond drilling, chum drilling. 
For dbvblopmhnt: shafts, drifts, crosscuts, raises, winses, shaft stations, ore-pockets. 
For BToriNO, the account may be divided according to the different methods of stoping 
employed. Extending the system further, these accounts may be distributed to each 
working face, the tot^ agreeing with cost-sheet total (14, 21, 22). 

Table 3. Shift-boss Report 

Mxks Shaft No 4 Datb Deo I, 1926 Sam Day 


Working Maoh 
place shifts 



Explosives 


Powder Caps 


Hoisting 


Miners Bhovelers Trammers Timbering Filling 


$.25 5.00 5 25 5.00 5.25 5 00 5.25 5.00 5.25 5 00 




llemarks 


Please note any new working numbm 

New Drift 901, atartsd to-day. 

Rxcbabo Dob, 
Shift Bon 

6. MINE RECORDS 


Working-face records (Table 4) are compiled from the sanr-BOSS bbpobt (Table 3), 
which gives for each working face and for each shift: ntunber of miners, muckers, shovel- 
ers, trammers, timbermen, and men engaged in filling, driU-ehlfts; else dsmamite and caps 
consumed (fuse may be averaged per cap used), amount and description of timber used, 
end tonnage of ore and waste hoisted. In addition to the explosives and timber reported 
on shift-boss report, any other supplies shown 1^ requisition to be chargeable directly to a 
partieular working face may be entered on this sheet. Assays of ore and face samples are 
also entered, as reported from assay office. The columns of estimated cost are worked 
up when desired, by using previous general aooount averages (14). 

The above data give: ffirect charge for labor (which for cost-sheet may be taken fnnn 
payroll distribution); direct charge for supplies; production figures, assay records, and 
advance made. Hoisting is ai^rtioned on basis of tons reported, and total 
drill coet on batis of mac^ne sUfts. These are tiie only ohargM that may be digtrilwted 
directly. Tbe renudning general ohargea of the cost-ghaet may be made ^ proport^Ht to 
the totida of the direct dUiribatkNi* 
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Tato 4. WorUac Fae« Record 

■SbaitJ ,' CuM,St(ve Meina I>ee, 1924 


Date 

Shift boM report * 

Machine 

ehifte 

Timber 



2 X 12 

4X6 

8 X S 

4X8 

4X4 

3X6 



Rounds 

1 

{ 1 

1 

1 

30 










Shift boss report, u 4it’d 


Explosives 

Shifts labor 

Hoisting . 

Miners 

Shovelers 

Trammers 

Timbermen 

Filling 

Cars 

ore 

Can 

waate 

Powder 

Cape 

5.25 

5.00 

5.25 

5.00 

5.25 

5.00 

5.25 

5.00 

5.25 

5.00 

20 

23 

4 

5 

2. 

1 

1 

1 

1 

2 

1 

1 

1 

2 

35 

40 

• 

5 


Estimated cost 


Mach drills 

Timber 

Exploaives 

Total labor 

Hoisting 

Qen charges 

Total 









Worked up only when deeired during month, or at end of month 


Production 


*> 

Eatimated tons 

Assay 

Total ounoss 

Tona ore to date 

Avg assay to date 

Face aamples 

31.5 
. 36 

1.00 

1.25 

31.5 

45.0 

67.5 

1 

113 

‘ 


Advance by Eng Dept (Monthly) 

Wmking Ko, 401 atope 

Rote. The 4 parta of Table 4 m« oontinuoua horiaontally on one large aheet; the first column 
oontaining days of month from 1 to 31. 

Labor recordi. When a men is hired he should be given an employment dip, stating 
oharaeter of bis work. This slip furnishes to the timekeeper proper authoritgr for putting 
the name on the payroll. A file of identification cards should be kept, giving name, signa>. 
tuye, local address, and address of family, for each employe. 

Table 5 is a ahift*bosses’ loose*leaf nua and manuBUTioN book, found to work satis- 
foototily at a property where it had been impossible, before its introduction, to get the 
ishift-bosses’ daily reports «xf working fanes to bdanoe with time book. By first making 
the (hstributioit in timh -book, the daily report ie .readily filled out. A da% distribution 
^ pgyxoll'oaii be made by the thne-keeper from the dtift-boss time booke. Entries ace 
ato ihade from books to tiie monthly PATimu, anwr (TaUs 6), whieb swrves as » 
foitt for waiciis paid. To cheek the dutt-boss time bodcb, brass dieclcs, oorre- 

apetidi^ to tfo fo first odhunn of payroll, noiay be givsa to’ the men to deposit 
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E. IN HARKINO TIME, MARK—FuU Shift, X; Off,«; Houm, I-», 2-8, etc. •O’r T 
upper part of thia form ia carriad oot to provMa for montli of 31 dapa. 
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in aImne whan eominc off ahift. Employaa may be identified by the paymnatw by aakiat 
their manbar mid by nferenee to the identification card. The numbw in the hut oohunn 
of the paanoli ia for ^ pay dheek, which alao aenrea aa a receipt. • 

Sap^ recorda. Diatribution of auppUaa ia a comparatively aimide matter, if all 
aappliea are kept in a central atorahouae, ai^ treated aa a aeparate budneas. ReqotdtioBa 
dio^ be drawn only for quantitiea needed for immecfiate conaumption. Reqtiiaitions 
ahould ahow the dia^bution of auppliea ordered, and atorekeeper makea note of thia 
diatribution on the bill, which ia aent to the prine ofiBoe. Theae bills are entered on a 
8T7Pri<T DiaTBiBtmoN aaaiaT, to such accounts as are kept for the ooat-aheet, the totids of 
the diatributiona being checked with a monthly atoreUouae statement. Slight differences 
will occur between supplies purchased and supplies shown on shift-boss daily reports, 
owing to amall balances on hand, but theae differences should balance themsdvea from 
time to time (6). 

Table fi. Pay Roll 

Number 4 Shaft Month of Dee, 1926 Sheet I 


No 

1 

Name 

Occupation 

Days of month, 1 to 31 | 

Total 

shifts 

Kate 

Total 

amount 


2 

3 


1 5 

etc 

106 

'John Doe . 

Total. 

Dailtf Total of Shifie 

Miner 

_i 

1 

1 

1 

1 

1 

1 

51/8 

5,25 

Z6S1 

No 

Name 

Deductions 

Amount 

received 

Received payment 
in full of the amount 
opposite our re¬ 
spective names 

Check 

No 

Store 

Hospital 

106 

John Doe . 

Total. 

Dotty Tottd of ShifU 

■ 


15.91 

John Doe \ 

10*5 


Department charges, for services and power rendered, are billed and distributed as for 
bills for supplies. Det^ed coats of power, compressed air, cost-sheets, and department 
disbibutions ahould be kept by the department concerned. At properties where scale of 
operations does not permit a subdivision into departments, it is desirable at least to keep 
these costs on aeparate records. 


6. MAJOR AND MINOR OPERATING UNITS 

Major units oui be divided into smaller, or minor units, still more or less independent. 
Thus, ^e mining plants consist of the mines, the mills, and the power plants. Carrying 
subdivision st^ furlher, the mines may comprise a number of shafts (with workings), 
which may be quite independent of one another, but are dependent upon the power plant 
and a concentrating mill, and each may have a choice of several mills for treatment of its 
ores (Table 2). 

Eeoaomy demands that each major unit be run at full eapaoity. If a mill oan treat more ore 
than is sent to it, part tA its equipment and first ooet is being wasted. Conversely, if more shafts 
are operating than are requir^ to supidy the mill, they ore obviously being worked at reduced 
eapaoity, and one at more of them ahould be shut down. Major units wholly dependent on one 
another are illustrated by the items of a shaft equipment. Hoisting engine, pumps, haulage plant, 
shMt timbering, etc, must be kept up and in repair, whether the output is large or small. Therefore 
none of these dements ahould be developed out of proportion to the others. 

EMcfaiiey angfatMiliig consists of a study of units, in order to secure max im u m output 
from each. Hence, ascertain which units are effective and which are only relative. 

Ssamyi*. The ohieet of a machine drill is to mine ore eheaply; the units ramprised in its 
operatkn ate: labor, east of Ae machine and repur parts, compressed air, exploaivee. The total 
0 ^ p«* ihff t, for famkiag soy *12 tono, is about 18.60, comisdsing: wages, tfi: .repairs, 11.48; eom* 
ptesi^alr. |0.80i asplcaivw. 91.32. Eoonomy lies in getting a large output for the ooet. It 
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MINIB OBOAKIZATIOK AKD ACCOtTNTB 


Bight bcvDMOBoiBioal to MBiAMiitMqf'of UisaiBqr unite without nfwnoo to ttelnAMnw of tho 
' otlMl% Thai, hjr ndodJis wigM, inoAitont own woald jnroduM poor nmitii oMoiiivo aoonowir 
in npidr aihdtt muo ooitljr dnlogwt euttiag down nipplsr of oompnHod oir wonld noidt in 
f^bli drilluig; ndaelng qunntitjr of osploiiiro might niomitoto on «»Miira foota^ «f drUUng. 
It would bo <^wrly untoonomiool to lodnoo tbo ooit of opofotisg o drill from IS.0O to 17.80 par lUft 
ot the ozpome of dowaaoing tbo toonaga boolean from 12 to 10. Convantidjr, it would M good 
aaonoaqr to niaa tha aoat par ihift if tha output could ba iac r a u ad in grantor pr o por ti on. Haaea, o 
trua unit aoat for nmofaina driOiag ia tha total aoit par ton of braakiag ora, and not maraisr tha ooat 
par diiDwhift. Tbla Una of raaaonlug kadi to aflaotive ma na g am a n t and aait>hoaphig. 
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Introduction 


•The tablet of Hrst £Sdition of thi^ book, prepared by Heath Steele, along the Jiyei of 
Flnlay’i "Cort of Mining,” present typibal examples of costa, and iUustrstte systems of 
account keepii^. ^ Three distinct conceptions were adopted: (o) Total net expenditure, 
not including dividends, sums loaned out, nor mere book entries. This includes money 
■pent on property, construction of plant and for financier and legal transactions; (6) Amount 
■pent in operating mines and mills, but omitting expenditures on plant, finimoial trans¬ 
actions, etc. These costs take the form of averages, oaleulated for long periods, which, 
when added to operating expenditure, give total costs. These costs will never, except by 
chance, i^ree with expenditure for any one year, but should approximate aver expenditure 

a number of years; (c) Amount spent on operation, omitting idl other expense. This 
coat will always fall far below total expenditure. 

In many of the tables the business as a whole is first exhibitedr followed by successive 
subdivisions, until the details are as minute as practicable. The first table for a given 
mine g^ves total expenses by departments. Thus, Example 2, Table 3, d^ows operating 
results of Goldfield Consol Mmes Co: (a) Total expenditures are checked by shoving 
the total outgo, plus a gain, or minus a loss, in quick assets for each year; (b) Expenditures 
in Table 3 are given under 19 different headings, of which only 3 fall directly under mining 
and milling operations. The cost of Mining is shown as a lump sum (deti^ in Table fi); 
(c) In Table 5 are the mining operations for 3 years, the cost being segregated as labor, 
supplies, power, and general charges; (d) Here reference is made to Table 7, where costs 
are divid^ into 32 items at each of 4 shafts, with their averages. 

Mining costs per ton differ much less in detail than in total. To do exactly the same 
thing in different places involves no differences in cost other than those due to procuring 
labor and supplies. But total costs per ton show great differences, because one ore may 
require a process of five steps, while another may require fifty. In general, the examples 
exhilnt results obtained on a large scale by successful oiganisations. It should not be 
assumed that these costs can be duplicated by small-scale operators. 

To enaUe the reader to compare present-day costs with toose of former years, some of 
the older and fully detailed tables, dated 1909 on, are retained in this Third Edition. To 
convert pre-war costs to a post-war basis, %n approximation can be reached by adding, say, 
76% to pre-war costs; or, the latter can be compared with figures for 1924 and 1925, as 
in some of the original examples, or with costs in toe new examples. Much of the informa¬ 
tion comes from public reports, and all is authentic. 

Though the examples are representative of different kinds of mining, toe plan has 
necessarily been modified by the question of availability of information in different fields. 
Information is freely made public in non-competitive business, like gold mining; but, as 
.competition becomes vital, as in mining low-priced staples like coal and iron, operators 
are more secretive. This is especially true of the higUy integrated organisation of the 
iron and steel industries. Hence, the number and fullness of toe examples are not in pro¬ 
portion to the importance of the individual fields covered. 

The Report of the Federal Coal Commission contains an exhaustive analysiB of Coal 
Mining costs; from it are taken Tables 60 to 64. For Iron Mining, no recent representa¬ 
tive figures were obtainable. The vertical integration of the iron and steel industry in 
past years has been so complete tost published reports afford little opportunity to segre¬ 
gate costs of producing the raw materials from costs of finished products. ,Table 65 
contains broad facts relating to Michigan iron mines, in form of averages for entire districts. 
Favored properties in each district do cheaper work. Current costs tue not obtainable 
(see statement preceding Table 55.) For general discussiou of iron-mining problems, 
see Finlay’s “Cost of Mining.” 

Undoubtedly, the proper way to discuss mining costs would be to adopt a unit bads, 
which has never been done in a broad manner. Having 4efined and tabulated the steps 
in n»m<f» g, milling , and metallurgical processes, the labor, supphee, and power requir^ 
for gAdi could then be ascertained, the total cost being the sum of those td a given amoiuit 
dbeh dement at a given place. 
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^EXAMPLES OF COSTS 


Example 1. Homestake Mining Co, Soutii Dak 


TaU« 1. Suamary of Opeatioao for IMS 



Per ton 
milled 


Per ton 
milled 

Cost of mining. 

•• •• milling. 

■Qd 

Lesa discount, interest and rents. 

$0.03 

$3.42 

0.35 

$5.77 

01 tona 

65 ft drifts 
05 “ rsises 
i70ft 

“ “ eyaniding. 

Freight on bullion. 

Indirect ooete. 

Total operating ooet.. 

Depreeiation charged. 

Depletion charged. 

Total eoet. 

“ Dividend from current earnings.. 
Bullion yield. .1 

Total ore milled. 1 589 7 

Development work. 9 7 

3 1 

Total development. 12 C 


Table 1. Operattag Reeulti, Homeitake Mining Co., 19S4>UST IncluiiTO 

Tonnage mined, 5 SOS 557; ounoee gold produced, 2 129 083, capitalieation, 2 009 280 iha, 
f 12.50 per eh 



Totals 

Per ton 

Per ebore 

Total 

Annual aver 

Bullion revenue. 

Other incoms. 

$74 517 938 

1 271 844 
75 789 782 
22 623 024 

$13 31 

0 23 
13.54 
4.05 

$37.09 

0.63 

37.72 

11.26 

$9.27 

8.16 

9.43 

2.82 

TibCA.! hiAAmA.... ^. 

Working ooets, administratioBt eto. 

Profit h»^nrti fuM. . . . .. 

53 166 758 

9 091 318 

9.49 

1.62 

26.46 

4.52 

6.61 

1.13 

5.48(s) 

4.00 

Taxes. 

.. 

44 075 440 
32 188 182 

11 887 258 

733 032 



yUv^,i*ni1a. 

.*. 

i.48 

Decrease in net eurrent asseta, Dec 31, 
1933 to Dec 31, 1937. 

tn ha Mcfiounted fof. 

12 620 290 
865 996 

2 559 407 

3 425 403 

2.25 

6.28 

1.57 

fif hnolc value fixed aesete. 


Total. 

Balance: Cajdtal expenditures and addi¬ 
tional taxes. 

* 9 194 887 

1.64(5) 

$6 23 

2.57(5) 

$19 37 

0.64(5) 

Net profits after capital expenditures 
(a ^nus h) . 

14.84 


* Tbie balance waa expended for a new 4 000-ft shaft, steel lin^, equipped with the two largeat 
boistB ever built in America, a new mill, dismantling of two old muls, a new wanide luant, rafineqr, 
house, sad steam-turbine power plant, additional compressors, and substantial uaprovemonts 
to tho townsite; also, certain minor counts for tax ^justments. 

It is that os]»tal expenditures for next few years will exosed 8400 000 pw annum (204 

per Aare); earnings should therefore approx 15.25 per share on eurrent tonnage, oro«’ade and 
oMts. By actual capital expenditures over a period long enough to secure a rctuesantotiire 

gv«r. a more accurate measure of costs is reached than by including the anaw wn^oAs for 
deprec ai^ depletion. The latter charges are unavcHdaUy affected by exigencies of th^tax laws. 


The following figuree, for the Goldfield (Donaol Min«i Co (Tables 3-12}, allhou^ out 
of date, are retained because they illustrate the amount of detail needed in cost aeoounting 
go g^uiul, iAtelligeat ooatrol over extended oper»ttoiu (aee p 02, pgr 4). 
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COST OF BCENmO 


Suunpto 2. Goldfldd Consolidated Mines Co (a Gold Mine) 

TsMe t. SomsMer «( ppendaf Remits 


For yeu «ndMl Oet SI 


1909 


1910. 


1911 


. 14 moi to 
Dm SI, 1912 


Bol Quick MMtc (orwurded... 
B«1 Qtdofc HMta, and period.. 


SI 064 194 
2 225 SIS 


$2 225 SIS 
2 S50 576 


S2 SSO 576 
2214 404 


S2 214 404 
IS94909 


Oain taiQttiric aasata (*Lom). . 
Dirldtnda paid during period. 


I 161 124 
S 201 238 


125^58 
7 I IS 271 


•136 172 
7 118 296 


•819 W 
5 694 636 


Bel over eipendituraa. 

Beeripta including eriling ohergee. 


Total eipenditurco. 


Qenaral iterai: 

Mining (TaUe 4). 

T^anaport ore to mill (Table 4)... 

Milling (Table 4). 

Concentrate treatment (Table 4). 

Bullion tax. 

Qeneral expenaee. 

Adminietration. 

General and Secretaiy'e offloe.... 

Legal expenee. 

Corporation expenee. 

Damagee. 

AaMdation duaa... • 

Property tax. 

.General maintenanoe. 

AutomobQee. 

Bundriae. 

Inaurance... 

Selling chargee on produota. 

^purohae^..... 


4 362 362 
6 898 571 


7 243 529 
10 322 115 


6982 124 
10 200 858 


4 873 14) 
7 765 152 


2 536 209 


3 078 586 


3 218 734 


2 890 011 


8839 178 
18 158 
460 646 
45 525 
117 463 


Sundries 
20 855 
4 543 
Sundries 


2 345 
Sundries 

41 

62 609 
929 
299 701 


81 032 059 
36 600 
562 881 
82 713 
130 808 

‘“’39‘684 

26 571 
36 304 

27 823 
19 334 

7 338 
15 189 
24 022 

8 770 
33 270 


81 109 458 
30 629 
• 626 294 
124 315 
126 319 
181 335 
Gen exp 


81 409 001 
34 755 
670 427 
158 496 
53 635 
188 471 
Gen exp 

19 
4 • 

44 

84 


372 130 


310 829 


246 219 
3 974 


Total operating expen<titure. 

Conatraotlon other expenses. 
Federal income tax. 


SI 871 952 
664 257 


S2 455696 
550 027 
72 863 


S2 509 179 
682 554 
27 001 


82 764 978 
94 679 
30 334 


Total expenditure. 


S2 536 209 


$3 078 586 


S3 218 734 


S2 890 011 


Tons of ora produced (Table 3). 

Operating cost per ton ore. 

Total expenditure per ton ore.. 
Average grade of ore mined.... 


194 480 
S 9.63 
813.04 
837.98 


266 867 
S 9.24 
811.54 
840.72 


330 549 
8 7.39 
8 9.74 
832.35 


415 786 
8 6.65 
8 6.96 
819.97 


Table 4. Production from Minei 


Year mded Oet 31 

1910 

1911 

1912 

14 moBtha 

Ore produced from development work, tons. 

ore produced from ktopes, tons. 

Total tons ,of ore produced, all mines. 

Average gmde of ore from development. 

Avenge grade of ore from etopes. 

34 699 

232 168 

‘266 867 

825 

843 

840.72 
265 352 

1 515 

31 548 

299 001 

330 549 
822.58 
833.60 
832.35 
330 062 

487 

Not tivm 
415 786 

415786 

Average grade of aU ore produced (gold). 

Tons ol ore trsated at a^...... 

Tone of ore ritipped...i. 

119.97 

403360 

12 426 


The operating ooeta given in Table 5 cover operations during pMiods when tiie 100« 
atemp gaUl was the only mill in operation. The company operate a BO^itamp miR np 
to the end of 1909. Briefiy, tiio operations in this mill oontisted of; ertnuiing bp Re, bp ' 
iS-in Maketorusher; oonvesdng by 14-in by 165-ft belt, running <m a 20? incline to gfaiuam 
Inns; stemmng, 12504b stamps, 109 61/s-in drops per min, thro^h If^nedt j, 

amalgamation, tube milling, reamalgamating; separating to sands llixiMei' OQliiom- 

leadhing sands and agitating tiimea; filtering tiirouidi Ruttera’ filtekf; edfto 
























































































EXAMPLES OF COSTS 
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ftnunide 3. O^ddfiaU Consolidated IOhm Co (Canimutd^ 


TsUe S. Operstiiis Cotti p«r Tea ICtaed 


Yasr ended Oot 31 

1910 

1911 

14 moe to 
Dee. 31, 1912 

Mining, including devtiopment: 




Labor. 

$2.08 

$2.22 

‘$2.34 

CkippUes. 

1.28 

0,99 

0.89 

Power. 


0.14 

0.16 

Oemrel obargee..... 

0.464 



Total mining (TaUe . 

13.87 

$3.35 

$3.39 

Transporting mill tonnogo: 




Railroad cg>eratione. 

$0,079 

$0.06 

$0.06 

Railroad maintenonoe. 

0.0S7 

0.03 

0.03 

Total tronapoiting on to mill . 

$0,136 

$0.09 

$0.09 

MSUng: (Table 3 for tonnage) 




Labor . 

$0.S58 

$0.43 

$0.39 

Suppliei. 

I.2S8 

1.17 

0.94 

Power . 

0.305 

0.29 

0.33 

Total milling . 

$2,121 

$1.89 

$1.66 

Xjtmm 4n tjaSlinga . ittii. 




Conoantrota treatment per ton milled: 




Labor . 

$0.05 

$0.04 

$0.07 

BuimUse . 

0.236 

0.32 

0.27 

Power . 

0.026 

0.02 

0.05 

Totel oonoentrate treatment per ton milled. 


$0.38 

$0.39 

Coneentrato treatment per ton oono’t: 




Labor . 

$0.93 

$0.63 

$1.24 

Suppliea . 

0.44 

0.40 

0.76 

Power . 

4.48 

5.09 

4.50 

Total per ton of oonoentrate treated . 

$5.85 

$6.12 

$6.50 

Tone ot ooneentratee treated. 

14 152 

20 306 

24 376 

Feet of development work performed. 

41 938 

46 739 

48 146 

Average eoet per ft of development. 

$9.05 

$7.51 



dpitation; amalgam and predpitates to bullion .and concentrates to amdter. The ore 
treated at this plant was practically all oxidised. Table 6 gives an example of the lowest 
operating costs obtained at the plant, exduding depreciation of plant. 

Table 6. Operations, 20-Stamp Mill 


Tonnage treated, 28 464. Average value per ton, $37.1.5. Net recovery, 93.80%, as folloea: 
amalgamation, 41.40%; concentration, 18,20%; cyoniding, 34.20%. 


Year ’08, ’09. 

Nov 

Dec 

Jan 

Feb 

Meh 

Apr 

May 

June 

July 

Aug 

Labor. 

$1.77 


$1.73 

$1.93 

81.65 

$1.73 

$1.67 

$1.65 

$1.65 

$1.38 

Suppliea. 

1.45 

liV"' 

1.59 

1.28 

1.38 

1.45 

l.ll 

1.17 

1.16 

1.21 

Water. 




0.22 


0.19 


0.20 

0.18 

0.18 

Power. 

0.49 







■IT' 


0.42 

Deportmonte. 

0.24 

0.24 

0.23 

^ESiJ 

^Fw7 

0.36 

Ksij 

BE: 


0.08 

Admin and gen.. 

0.29 

0.36 

0.26 

0.27 

0.23 

0.34 

0.37 

0.36 

0.36 

0.36 

Total per ton. 



$4.47 

$4.61 

$4.23 

$4.74 

$4.20 

$4.36 

$3.85 

$3.83 


To flie end of 1912, it had cost this company approx $£ per ton of annual capadty to 
construct and maintain its plants. Total charge for plant, equipment and maintenance, to 
end of 1912, was about (1.50 iier ton of ore produ<^. 

In TaUe 3 construction a^ odter items for 1909 were charged to capitsl account 
and Botsbown in costs reported. Of this amount for 1910, $445 864 was for construction; 
in 1911, $137 831, the greater part of the remainder being evidently spent on outsitto 
pn^ertiee; in tite 14-inontii period, construction costs were $87 395. 

following data, to tiw end of Example 2. furnished by Albert Burch, Gen Mgr 
Goldfield CoDScd Minee Co, cover working conditions and costs during 1913. 

The orebodies occur very kregularly as to value, tiiape, and persistenoe, in fractured 
ncnssin dnoite and iatite. Tte of the fracture is usually about 40*; in a few instancee 
dip lg Ob flat aa:20\and in a few practically vertical. Country rock is solt. frequentiy 
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CX}ST OF MININO 


Biampto 8. OoldS«td CoiiiolidAted MIhm Co 


T*U« 7. Dttidls of Miao Oporatinf CMt por Ton Mlaod 


For Four Mmdio Ikding Fob 21, 1711 

A Shaft 

RShaft 

C Shaft 

DShaft 

i 

Aver- 

sgs 

Devalopiasat Direct: 

Miasn,^.... 

10.115 

10.236 

0.206 

10.346 

0.334 

to. 177 
0.211 

to.216 
0.196 
0.096 

0.263 

0.228 

0.102 

0.551 

0.112 

0.303 

0.010 

0.057 

. 

0.044 

Tlwhw . 

0.042 

0.094 

0.152 

0.187 

0.185 

Btopieg Oiroot: 

Mlnm. . 

0.342 

0.245 

0.268 

0.207 

ahwirtm, on to ehutoc. 

0.139 

0.303 

0.’235 

Treounns, ehntw to shaft, and oan.. 

0.142 

0.149 

0.222 

0.218 

Tiiabcr and ... 

0.394 

0.635 

0.419 

0:617 

0.150 

miunp . 

0.018 

i 0.104 

0. r57 

Osn Aoeounts (to bo proportioned to ctopiiig and 
dovelopmeiit): 

f¥nSm4.t*sf ... 

1 

0.157 

0.229 

1 

i 

0.497 

0.368 

riMMosml Klmitlrmvnifliinf . 

0.007 

0.023 

0.058 

0.125 

o.oto 

0.087 


0.007 

0.022 

. 

Air drills, including air. 

0.089 

0.169 

0.228 

0.201 

0.175 

0.223 

Explosives, including labor. 

0.129 

0.231 

0.329. 

0.135 

0.224 

^Fffpl'Tig and assaying. 

0.056 

0.098 

0.074 

1 0.088 

Watehmen.... 

0.051 

0.049 

0.084 

0.048 

1 0.055 

M’lmt FiffinA ffifiil pnnms. . 

0.045 

0.033 

0.078 

0.028 

0.041 

Snpt, foremen and boeeee. 

0.084 

0.082 

0.151 

0.086 

0 094 

Repaire and rmewale, buildings. 

0.007 

O.OII 

wm 

R^airs and renewals, machinery. 


0.103 

0 . too 

0.188 

0.112 

Qenaral eurfaoe expense. 

0.114 

0.102 

0.169 

0.147 

0.129 

Construction. 

O.OII 

1.005 

0.016 

0.161 

T..4«kfi>iA . 

0.029 

0.040 

0.070 

0.035 

0.048 

BBImMllAvtmAaiM ttTtn fitn/t sfAfltl .. . 

0.005 

0.004 

0.003 

0 003 

>. , 1 , .. 

0.005 

0.010 

0.012 

0.009 


Miisml 11I netfrtui ffiiippliaa .. 

0.005 

0.003 

0.006 

0.003 


1«pa.ini . 

0.003 

0.003 

0.005 




0.001 

flnrviiyliif. 

0.066 

0.046 

0.142 

0.047 

0.064 

Mine and shaft repairs,.. 

0.023 

0.097 

0.038 

0.116 

0.077 

Wagec for mieoellaneous items. 

0.022 

0.020 

0.024 

0.022 

0.020 

. . . . 

O.OIS 

0.031 

0.043 

0.025 

0.027 

VdKn#ilAfemn .... 

0.002 

0.002 





Total cost per ton ora mined. 

$2.14 

83.40 

$5.34 

13.71 

$3.56 

Tone of ore mined. 

14 821 

24 416 

II 084 

26 657 

77 698 


BwoUing, oad moat drifts and croascuta outside the vein require frequent retimbering. 
X>rtfta in the vein rarely require timbering, but walls in all stopes must be supported. A 
few narrow stopes on one vein are worked with stulls; but usually with sets 6 ft square 
and 7 ft 10 in high, of 8 and 10-in sq timber. As ore is removed, the seta are fflled floor 
by floor with waste from development, and from waste raises run to surface. During 
the period covered by Table 12, ore was mined from about 60 stopes, amne in pillars left 
in stopes dready mined, and moat of them were small extensionB toward the walls, or out 
frmn ends of <fld stopes. Probably 40% of Ailing charges was for old stopes, insuffleiently 
filled jRwviouily. The mines produce about 280 000 gal of strongly acid water per 24 hr« 
which, after neutralising with 1 200 lb of lime, suffice for milling purposes. 

Hoistittg is dmie thrmigh 6 shafts, 300-1 400 ft. Transport is ^ rail from mines to 
mill, and no returns are made for cost of transport system. Operating costs, about 90 
par too fw aver haul of 2.6 mile. Trammers on main levels handle about 82 ton per shift, 

Diamond drilling was uueatisfafttorv 
TaUeg. Average Power Consnmptien per Day owing to its dow progress in the Ineo- 


__ . eiated quarts hi udiieh die ore is found, 

S*?^? ***”* . .P Cost of diamond drflling avwagsd about 

. tJI •• $4.28 for following items; labor, ».3fl} 

Maofaiasdi^!aam.’]i^toMsur^ 77 ” aupifliaa, 680; earbtms, 880; and power, 

Totd power. 72 s •• estimated at 20 hp. 460 per ft (Table 

MflUag. . 1 754 " Eleo power te tsiad, oosting 878J8 per 

Total Boww aaM»Bth« imt ^ P*' onnum. Powsr is etoimatod at 

V0%,of avwr (holy pet^ ezoeeding one 
adttin duration, and is probably in esoaas «f aotaal whieh sroi^ be shown hyttatsca. 





























































EXAMPLES OF COSTS 21-07 

Sample 2. G<ddfl^ ConKJid ete d ICnes Co (ConlmtiwO 

Table 9. XanloyM ia Minim Department. 191S 


1 

No 

Aver 


No 

Aver 

I 

of 

daily 



daily 


mon i 

wfice 


men 


Minina: 



Maebine shop and aurfaee: 



\f MnhinA Hvtil ynmn. 

tss 

$4.00 

Master meebanie. 


$7.50 

fllinvA||irf. 

159 

5.75 

Rlaeksmith. 


i 5.50 


50 

4.1$ 

mmiilramith . 


4.00 

TVemmers. 

50 

5.75 

Blaelcemitbe and drill sbarp-l 



TrkpmAn. .. ^.! 

21 

5.77 

ensrs, *.i 


4.02 

fllimfi/tffifnMn. 

11 

4.00 

nnnnprammr men.. 


4 00 


1 

5.00 



5 00 


5 

4.61 

Mnobinuite* heljMm . 


3 SB 

TfseMling .. 

14 

5.00 

Cerpeniere... 


4! 67 

PSjMk Miwt fi^Alrtnetn. 

10 

4.10 

WetAKniiifi. 


5 70 

IPtimpmun...’ 

5 

4.00 

Sftwycr uid yiird fomann. 


4 00 

Nippen (powder and tool men) 

II 

5.75 

Laborwe. 


5.56 


12 

5.64 


■EM 

4.00 


1 

Salary 

Surfeee eupt. 

■■ 

Salary 

Total. 

mm 

Total. 



miim 





OfficM: 



Assay dept: 

■■ll 


*TSmmlrg»wpgffa. 

5 

4.42 

fCmOiMU, ... 


6.67 

R^PAlcMpnr... 

1 

6.67 

Night fcmnuui. .. 

■■ 

5.55 

RfnPikhriiiM olf^k. 

1 

4.17 

’Rtt.lAfiee men.. 


4.62 


I 

6.67 

Parter. 

■■ 

4 00 

RfAnnfPii.pher. 

HI 

4.17 

KliinnAn... 

■■ 

4.00 

iifgmf. .. 

■1 

Salary 

FiirnikAe men. 

■■ 

4 75 

Janitor. 


5.50 

Clerk nnd helper. 

i 

4.50 


■1 


Qeneral. 

10 

4.00 

Total. 



Tote]. 

20 








Eleetrieal dept: 



Diamond drill: 



Ohiftf slftotriciaii... 

1 

6.67 

Foremen. 

1 

5.05 


2 

4.00 


2 

5.00 

Sub-atation attendant and 1 


5.00 

Drill runners’ bdpere. 

2 

4.00 

repairman.1 

1 



Repairmen. 

2 

5.00 




Total. 

6 


Total. 

5 








Surveying: 


Mi 

Mill water supply: 



nhi»f ■iipvnyor. 


■nTiii 

Pumpmen.... 

2 

4.00 



■Bttt 

PipM Isnsmnfbn . 

1 

4.00 

Surveyor'e aeaietante. 

H 





Total. 

El 

m 

Total. 

5 

.... 


See Table 10 for mill employeB. 


Ore mined per annum. 356 000 tone 

Aver development work per annum. 40 000 ft 

Drifts and orosaouts about 5 by 7 ft in clear. Raises aver 5 by 9 ft in dear 

Cost of mining plant per ton of annual production. $1,826 

• Total cost of mining plant . $650 000 
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COST OF MINING 


Ezinqde 2. OddflMd Ccmsc^dated Mines Co (Continuecf) 
Tabu 10. Employes in 100-Stoiap Milling Department, ISIS 


See Table 9 for mine 
emidoyes 

No 

of 

men 

Aver 

daily 

wage 

Sea Table 9 for mine 
employee 

Ell 

III 

Crushing plant: 



Concentrate treatment (eon): 



rjmahiirmiin.. 

2 

$4.50 

ftniiliinn man. 

3 

$4.30 

r^nnvaiyiir mibn .. .. 

1 

4,00 

Sc^iitlon man halpam. 

3 

3.75 

Chilean and tube mills: 


Laborers. 

2 

3.87 

MiUmen. 

6 

4.50 

General; 



Screen men... 

I 

4.00 

Foramen... 

3 

6.11 

Repairmen. 

2 

4.50 

Master mechanic... 

1 

8.33 

Bolutione; 



Storekeeper. 

1 

5.83 

Solutinii men. 

3 

4.50 

TimcH-keepar.... 


5.00 

Helpere. 

3 

1 4.00 

Electrician. 

mm 

5.00 

Pumpe: 



Chemist. 

HI 

3.00 

Pumpmen. 

3 

ViTiV 

Carpenters. 


5.25 

Concentrate roasting: 



Carpenters’ hdper. 

H 

4.00 

T^/Mietermen . 

3 

4.50 

Machinists. 


5.25 

Refinery: 

j * 

Machinists' helper. 

Hi 

4.00 

ForenriAn. 

1 


Blaolumith.. 

1 

5.00 

Helpers. 

2 


Blacksmith helper. 

1 

4,00 

Batteries: 



Sampler. 

1 

4.00 

BfttterymMi. 

3 

4.50 

Pipe fitter... 


5.00 

Repairmen. 

2 

4.75 

Pipe-fitter's helper. 

— 

4.00 

Concentrators: 



General repairmen. 

H 

4.25 

TnKlemen .. 

3 

4.50 

Lahcureni. 

10 

3.55 

Table cleaners. 

2 

4.00 

Railroad; 



Repsirman. 

2 

4.50 

Conductor and foreman. 

1 

6.50 

Filten: 



Engineer. 

1 

5.00 

man. 

3 

4.00 

Fireman.... 

1 

4.00 

Wsshere. 

1 

4.00 

Hostler and repairman. 

1 

4.50 

BepMrmen .. 

2 

4.00 

Brakemen. 


4.00 

Concentrate treatment: 



Track foreman. 


4.00 

Foreman. 

1 

5.83 

Track laborer. 


3. SO 


Table 11. Milling Costa and Data, 1913 


Labor, cost per ton treated. $0,457 

SuppUes,. 1.105 

Power, . 0.414 

Total mill operating cost. 1.976 

Tona milled per annum. 346 000 

Coat of operating milling planl. II 148 000 

Coot of operating milling plant i>er ton of annual capacity. $3,318 


Principal mill euppliea per ton of ore uaed: cyanide, 1.92 lb; lime, 13.62 lb; aino duat, 0.61 lb; lead 
acetate, 0.95 lb; steel ahoea and dies, 0.47 lb; ateel, Chilean mill, 0.29 lb; pebbles, 3,92 lb; water, 
316 gal; power per ton day, 1.19 h p._ 


Cost of principal supplies laid down in Goldfield, Nev 


Esploaivea: 

Blasting eaps....XXXXX 

$35.65 per case. 

Fuse.Comet... 

$22.80 per oaae. 

Fuse.Eclipse.. 

$26. 75 per case. 

Powder, ELF 40% U/g-in 
Powder, Judeon F 10% NQL 
Oandlee. Granite, extra hard 

(240 incase). 

Umber; 

Posts and caps framed. 

TIso. 

Laggins. 

MiaoaUaneous lumber, min¬ 
ing grade, Oregon pine... 
MisoeUaneouslumber,oative 
wedges.. 


$ 0.72 per 100 


0.37 

66 

66 

ft 

0.45 

• 4 

64 

44 

13.90 

41 

II 

lb 

10.90 

61 

41 

44 

3.45 

66 

oaM 


28.70 

61 

M 


27.70 

•• 

$6 


26.30 

84 

1$ 


26. SS 

6$ 

< $1 


23.50 

6$ 

g| 


7.50 

fg 

$1 



Round Timber; 

5 to 6-in email end. 

8 to 9-in.. 

10 to 12-in “ " . 

Shovels, Kentwood, long handle, 

round point. 

Sliovela, Kentwood, Ipng handle, 

square point. 

Drill steel, Phoenix. 

■' " Corona. 

“ “ Midvale. 

Drill hose,,B/ 4 -in 5-ply Falcon.., 
■’ “ S/i-in S-plyDiamond. 

" “ l-in 5-pIy 

Mine track; rails, ties, plates, bolts 
and spikes. 


$0.095 per ft 
0.17 •• 

0.24 “ •• 


0.93 each 


0,93 •• 

0.077 per lb 
0.072 '■ *• 
0.061 •• *• 
0.275 “ ft 
0.258 •• •* 
0.353 •• " 


0.30 “ “ 


tPcale of wages: Shift b o sses , $5.50; carpenters, 15.00; blacksndths, $5.50 and $5.00; hoisting 
engineers, $3.00; cagers, $4.00; pumpmen, $4.00; top trammers, $3.75; miners, $4.00; muckers, $3.75; 
shaftmen, IS.OO'snd $4.50; timbermen, $4.50 and $4.00; nippers, $3.75; pipemen $4.00; tradnnea, $4.00.' 























































































EXAMPLES OF COSTS 
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Bxamjde 2. G<ddflield Consolidated Mines Co. (ConttmiecO 


Table It. Operatlat Ceate, All Mlsee, Jane. July. August. Sept. ISIS 



Total 

Per ton 

Supplias: 

Caps. 

60 400 po 
376 400 ft 

0.544 

Fuse...... 

3.387 

Powder. 

97 227 lb 

0.875 

Candlae. 

153 360 po 
165 OOObdft 

1.380 

Timber, sawed. 

1.485 

TifnhftT, Tmtnrl.... 

43 338 ft 

0.390 

Wedges... 

93 740 po 

0.843 

Drill parts. 

PioksI. 

90 pc 
386 po 

4 275 lb 

0.001 

Shovels. 

0.003 

Drill steel... 

0.040 

Pliil hodto... 

573 ft 

0.005 

Pipe and fittings. 

Tracks. 



Oil and miscellaneous. 



Cars and repairs. 



Total supplies. 



■■ 

Shifts 


Total 

Per ton 

Labor; 

I>ri 1 l flihifta f 2 -naftn). 



Drill shifts 0-man). 

6 402 


Other miners. 

2 576 

WiTfV 

Muckers and trammers. 

13 447 

0.121 

Timbermen. 

3 636 

0.033 

FiUlng. 

3 292 

0.029 

Repairs. 

983 

0.009 

Total labor. 

30 336. 

0.273 

Qoneral: 

l^nmfing ... 






Bupt and shift bosses. 









Mechanical. 



PUAntpiftal ... 

. 





OffirM Aleric^. 






Riirviiying. 



Hawnplim.... 



WttfAfimim . 






Pipe and tnelm. 



Total general (mixed labor and supplies). 



TAfikl AkflMMin . 



Tims ore mined and from development. 

ill 136 



Btop«a 


Quantity 


Coat in dollars 


Total 


Par ton 


1434.91 

I 505.61 
13611.75 

1 948.45 
45 793.09 

8 234.25 
703.05 

2 150.55 

77.72 

359.37 

342.05 

160.41 

424.75 

”4 671! 69 ' 
155.88 


80 572.93 


25 608.00 
10 304.88 
50 427.57 
14 546.86 
12 344.35 
3 814.68 


117 046.34 


21 273.30 

1 624.16 
7 709. II 

2 667.04 
6 746.83 
4 646.11 

2 936.44 
II 148.56 

3 351.24 
10 395.55 

2 934.37 
985.20 

2 529.98 

3 642,16 
3 372.55 


85 962.60 


283 501.87 


80.004 

0.013 

0.123 

0.018 

0.412 

0.074 

0.006 

0.019 

0.001 

0.003 

0.003 

0.002 

0.004 

oioii* 

0.001 


0.725 


0.231 
0 093 
0.453 
0.131 
O.lll 
0.034 


1.053 


0.191 
0.014 
0.069 
0.024 
0.066 
0.042 
0.026 
0.100 
0.030 
0.093 
0.026 
0.009 
0.022 
0.032 
n.030 


0.774 


2.552 
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COST OF MINING 


Ewiinple S. OokUttld CouwlidAted MisM Co (Cmdudeii 

TaUc U. Opcntisg Ce^ AD M1iim> Jimc, Jntjr. Aag, S*pt, Uli— iCondud^ 


Drift! Hid eroMOttto 

lUiM! 

QuHititir 

Gait in dcdlu! 

Quantity 

Ca!t in dollan 

T»U1 

Pwft 

Total 

Pvft 

Total 

Per ft 

Total 

Fvft 

IS 400 

1.700 

111.07 

0.012 

4 700 

1.306 

33.91 

0.009 

OS 400 

I0.S7I 

301.70 

0.042 

30 000 

8.333 

120.09 

0.034 

24 710 

2.739 

3 400.22 

0.303 

7 686 

2.135 

1 076.10 

0.299 

41700 

4.027 

529.51 

0.059 

12 000 

3.333 

152.95 

0.042 

24S00S 

20.092 

0 699.09 

0.743 

105 234 

29.232 

2 093.93 

0.804 

0 020 

7.007 

1 297.25 

0.144 

2 580 

0.711 

490.29 

0.130 

IS SSI 

1.723 

110.63 

0.013 

5 800 

I.6II 

43.52 

0.012 



060.00 

0.073 



250.59 

0.070 

2S 

0.003 

22.34 

0.002 

10 

0.003 

9.06 

0.003 

100 

O.OII 

90.17 

O.OII 

47 

0.031 

44.01 

0.012 

1200 

0.140 

101.31 

0.012 

512 

0.124 

40.94 

0.011 

100 

0.010 

46.51 

0.005 

66 

0.019 

10.50 

0.005 



116.92 

0.013 



50.62 

0.014 

S002 

0.409 

369.19 

0.041 






1 276.41 

0.141 



542.45 

0.151 



41.30 

0.004 


• •••••• 

15.28 

0.004 



15 327.98 

1.698 




1.606 

Shift! 



Shift! 

nn 


Tot!l 

Per ft 



Total 

Per ft 



400 

wnufm 

Q 

e 

0.181 





2100 


0 664.00 

0.960 

1 153 

0.320 

4612.00 

1.201 

044 

mSSM 

3 394.07 

0.376 

390 

0.109 

1 550.37 

0.433 

4 ISO 


15 521.17 

1.720 

1 206 

0.335 

4 522.11 

1.250 

1004 

KSitl 

4 257.23 

0.471 

319 

0.089 

1 270.72 

0.355 

004 


3 241.40 

0.359 

291 

0.081 

1 090.55 

0.303 

224 

■asi 

070.47 

0.097 

85 

0.023 

328.22 

0.091 

07IS 

1.076 

37 580.42 

4.164 

3 444 

0.957 

13 387.97 

3.719 



4 416.14 




1 924.65 

0.535 



391.24 

■ml 



147.32 

0.041 



1 878.16 

KiMI 



693.14 

0.192 



1 062.50 

0 no 



527.54 

0.147 



2711.03 

0 301 



1 341.95 

0.373 



I 061 84 

0 207 



946.15 

0.263 



1 161.26 

0 129 



590.41 

0.164 



2713 03 

0 301 



1 000.24 

0.278 



015.92 

0 090 



301 98 

0.084 



2 535.17 

0 282 




0.259 



711 81 

0 079 







241 71 

0 022 







614 56 

0 069 







806.83 

6.098 




0.091 



019.91 

0.091 



303.45 

0.004 



22 821.91 

2.529 



9 613.84 

2.671 



75 730.31 

8.391 



38 784.05 

7.990 

0025 ft 


3 599 ft 



Old tnek wu lued mlmoit exolurively 
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Baim^ S. AI<«k« |iinean Gold Mfaing Co 

T«W« IS. SsauBUT of OpomtiBg lloraHs, ltS4-lttT Isdutro 

Toiiaogo nlBod. 18 BTl 830; vM rooovarad. m £47 919; aUTor noovorad. m 386 627; kad rMovmd 
lb, 7 SOI OOO; wmiteKaatioa, 1000 000 riiarei, tlO par vahia. 





Per ahare 


Total 

Per ton 

Total 

Annual 

aver 

Value of bullion reeovered. 

$17 508 668 

WSSM 

$11.67 

$2.92 

“ “ ooneentratea produced. 

2 272 056 

Itltl 

1.52 

0.38 

Other income. 

552 542 


0.22 


Total... 

20 115 246 

1.56 

15.41 

5.55 

Operating coota: 

Per ton 

Mining. $5 670 699 0.44 

Milling. 5 685 466 0.29 

Other operating. 976 997 0.07 

10 551 162 

0.80 

6.89 

1.72 

Net operating proOt. 

9 782 084 

0.76 

6.52 

1.63 

AdminiatratioD, other Uian taxea. 

525 018 

0.02 

.22 

.05 

Profit bdore taxea. 

9 457 066 

0.74 

6.90 

1.57 

Taxea. 


0.10 

0.77 

0.19 

Net income. 

8 291 026 

0.64 

5.53 

1.38(0) 

Dividenda paid. 

7 375 799 

0.57 

4.92 

1.23 

Balance of income. 

915 227 

0.07 

0.61 

0.15 

Deereaee in net eunent aaeeta, Deo 51, 1955 to 
Deo 51, 1957. 

1 913 248 

0.15 

1.28 

0.32 

Caah to be aecountrd for. 

2 828 475 

■Exia 

1.89 

0.47 

Capital expenditurea on mine devdopment, plant 
and equipment. 

1 380 339 

O.ll 

0.92 

0.25(h) 

Net purehaaea and ealea of capital atook and 
exchange in part of aame for mining property 

1 448 156 

0.11 

0.97 

0.24 


2 828 475 

0.22 

1.89 

0.47 


Nota.—A twt annual inoome, after capital expenditurea, waa a minua $1.10 per ahare. 


Bxtmide 4. Alaska-Treadwell Mining Co, Douglas Island, Alaska 

Principal SoppUoi Conaomad Par Ton, Orar a Period of Kro Toara 
Mining, per ton ore mined Milling, per ton ore nulled 

SiOotamp min: 


Powdw. 1.9251b 

Face. 4.612 ft 

Capo. 0.922po 

Candha. 0.1151b 

Drill ated. 0.125 lb 

Steel cable. 0.0591b 

Airhoee. 0.006 ft 

Blaekaraith eoal. 0.25 fi> 

Traila. 0.0641b 

Lumber. 0.744 ft 

Lubricating oil. 0.008 gal 

Pipe. 0.018 ft 


Power conaumption; h p 

day per ton ore 

Year 

Mining 

Milling 

Qeneral 

Total 

1905 

0.454 

0.829 

0.160 

1.445 

1906 

0.527 

0.729 

0.178 

1.434 

1907 

0,755 

1.056 

0.254 

2.045 

190$ 

0.786 

0.979 

0.265 

2.030 

1909' 

0.874 

0.946 

0.296 

2.116 

191$^ 

0.952 

0.978 

0.322 

2.252 


Shoea, 0.551 lb per ton milled. 

Diea, 0.195 lb per ton milled. 

Mortar eztraa, 0.135 lb per ton milled. 

Came, tappeta, boaa heada, 0.050 lb per ton 
milled. 

Mortare enuhed 60 054 tona per mortar. 
Quiokailver, I flaak per 17 158 tona milled. 
Cam ahafta, milled 90 081 tona per cam abaft. 
Stamp duty, 4.59 tona per 24 hr. 

Stamp weight, 850 lb per atamp. 

800<«tamp mSl: 

Shoea, 0.596 lb per ton milled. 

Dice, 0.225 lb par ton milled. 

Mortar extraa, 0.142 lb per ton mUlad. 

Cama, tappeta, boaa heada, 0.052 lb per top 

Mortara eruahed 556 550 tona per mortar. 
Quiekailver, I Saak per 14 295 tona milled. 
Cam ahafta, milled 15 167 tona per cam ehaft. 
Stamp duty, 5.51 tona par 24%r par ataaiOk 
Stomp weii^t, I SfSlb por ■tomp. 
































































21-12 


COST OF klNING 


Examine 4. A]aXka-Tr«u^f^ Mining C& (Continue^ 


T«l4e 14. StuBuaary of Reeoi^ and Eavoadltureot 1911 


Reesiptsfor 1912; 


Per ton ore 

Bullion, amalgam..., 

$1 152 524.62 

$1.2918 

Bullion, baswbars... 

6 876.82 

0.0077 

Bullion from oonoen> 

trates. .. 

1 046 487.43 

1.1729 

Total net yi<dd of ore 

treated. 

$2 205 888.87 

$2.4724 

Received from interest 

II 750.74 

0.0132 

Commercial profits.. 

36 959.02 

0.0414 

Sundry adjustments. 

5 218.75 

0.0059 

Total receipts from ore 

and other sources.. 

$2 259 817.38 

$2.5329 


Bxpendituna for I9t2 <TaU« t5): 

Openittiig ehargea. •1.1841 

CoMtruotioo ehargei. 6,0171 

Sundry losseB for y«sr. 0.0199 

Total clwgM for year (Tabla IS).. $1.2218 
Deduct intereat, eommeraial profit!, 

etc, shown in receipts. 0.0005 

Total net expenditure. $1.1613 

Depreciation charged oS. 6,6961 

Total, including depreo. $ 1.8574 


Table 15. Detailed Summary of Ezpeudituree, 1911 


Operating coats: 

Mining, development, etoping (Table 17). 

Milling, 892 192 tons (Table 18). 

Concentrate treatment, 17 397 tons (Table 16). 

San Franeiaoo office expenses. 

London office expenses. 

Paris office expensea. 

Legal expenses. 

Taxes. 

Bullion chargee. 

Total operating charges. 

Construction: 

Central shaft. 

Electric locomotive round house. 

Foundry c<dce house. 

Pattern shop store room. 

Loss on dwellings for year. 

Lose on boarding house for year.. 

Lose on wharf for year. 

Total chargee against ore production (detireeiation not included) 


Total cost Per ton milled 


$760 164.05 

$0.8520 

181561.69 

0.2035 

79 474.77 

0.0891 

15 963.99 

0.0179 

1 748.14 

0.0020 

227.69 

0.0003 

400.00 

0.0004 

8 538,04 

0.0095 

9012.53 

O.OIOI 

. $1 057 091.10 

$1.1848 

II 577.67] 


1 536.16 
629.17 

1 472.44 

0.0171 

14 170.50 

0.0158 

2 905.61 

0.0033 

714 10 

0.0008 

$1.2218 


Tabl« 16. Conc’t Treat’t Costs 



Per ton 

1 

Wages paid in 1912 



Labor.. .. 

$0,520 


Machine drillers. 


Supplies . 

0.096 


Machine helpers. 

. 3.25 

11 

II 

Train service . 

0.108 


Mine laborers. 

. 3.00 


■ 1 

Sulphuret car expense . 

0.016 


AmalgamatorB. 

. 120.00 

14 

mimth 

Assaying. 

0.018 


Feeders. 

. 100.00 

• I 

41 

Cyaniding . 

3.122 


Vannermen. 

$95 to 130.00 

II 

II 

Douglas Island gen expense . 

0.054 


Machinists and helpers . 

_ $3 to $7 

• • 

day 

San Franoiaco office, frright, refin' 

} 0.634 


Blacksmiths . 


II 

II 

ing, etc . 


Tool sharpeners . 


II 

• 1 

Total . 

$4,568 


Blacksmith helpers. .. . 

. 3.00 


II 

Tods treated, 17 397 



Aver number of men employed . 

« ■ • 

. 745 




Av«r wage . 


• « < 

$3.47 




[_Ore mined and treated per year per man 1 202 tons 
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Example 4.. Alaska^Trea^Well Mjuing Co (Continued) 

Tatd* 17. DetaOfl (rf BClnllig Costs, 1918 (per too milled) 


Items 

Devel¬ 

opment, 

1 258 ft 
Cost 
per ft 

Stoping, 
861 973 
tons 

Tram¬ 
ming, 
892 192 
tons 

Hmat- 

ing, 

892 192 
■ions 

Pump¬ 
ing per 
ton 
milled 

Total 
per ton 
milled 

Msohine drillers. 

$3.168 

$0.143 


■■■1 

■H 

10 

Hsnd miners... 


0 003 




(LM4 

lisborers. 

l.'SSI 

0.114 

$0,026 

■lilllfl 


0 

Powdermen. 

■iliVil 

0.010 

BB 

iBIlillfl 

0 011 

Tool ouriets. 

0.018 

0.001 




0 001 

£nsineers, skipmen, oilers... 



0.003 

0.020 


0 023 



nmM 

0.004 


0 004 

,, t t 1 1 - . 

r^htit.fifnMi . 


mmi 

0.015 



0 014 

Trsinmen and trammers. 


HHHfl 

0.029 



0 030 

Trackmen and stable men. 

0.069 

HHil 

0.003 



0 004 



■HHH 



0.003 

0 003 


0 177 

0.009 

0.002 



0 014 

TUtkAlrftmithft fl-tirl IiaaI ffharpenen. 

■MRl 

0.006 

0.001 



n nna 

\fiu«hin!ata nnd pipemen. 


0.002 




n&rpAiiftMv Anti f.lmhcirmAn. 

0.244 

0.003 

0.001 

o.ooi 



WAl-j^limfin. 

0.022 





0 001 

Contractors. 

1.241 


0.003 



0 020 

Timekeepers. 

0.025 

mxm 




0.001 

Total direct labor... 

$6,816 

80 . zn 

$0,083 

$0,025 

$0,003 

$0,489 


1 239 

0 146 

■uniii 



0 157 

Fiira Anil maps . 

mm 


nnm 

Dum 


0 017 


wnn 


mmi 

HHhI 


0.007 


0.131 



■lilllB 


0.008 

Iron And Rtael.. ,. 

0.122 

WT!» 

0.001 



0.006 




0.001 

0.008 


0.009 


0.095 

0.003 


0.001 


0.006 

T<iiHrinAnfA. 

0.007 


wmm 

0.001 


0.002 


0.001 

* * • 

■iil 










0.003 

Fuel oil. 

0.031 

0.001 

■iii 



0.001 

MiseellaneouB. 

0.192 

0 002 

mm 

o.ooi 

0 001 

0.009 

Total direct supplies. 

$2,016 


$0,009 

$0,011 

$0,001 

$0,225 



0.001 




0.002 

VJAOl‘if*ir!Al TApaini.... 

0.049 




0.001 

0.002 


0.169 

0.002 

0.002 

0.008 


0.015 

Power. 

0.236 

0.-007 

0.001 

0.040 

0.003 

0.054 


0.041 

0.002 




0,003 


0.013 

0 001 




0.001 


0.052 

o.ooi 


■HIIM 

■HBH 

0,002 

Douglas Island general expense. 

0.675 

0.031 

0.008 

0.004 

0.001 

0.051 


0.494 

0.018 

0.001 


0.001 

0.027 


0.019 

0.001 




0.001 


0.137 

0.005 

0.001 

0.001 


0.008 








Total labor and supplies. 

$1,907 

$0,069 

wmei 

ESm 


$0,166 

Total cost of all accounts. 

$10,739 

$0,544 

E1I9 

tSm 

■ TiWiTTia 

$0,880 

Less credits. 

1.801 



0.001 

0.002 

0.028 

Total coot per ft of development and per 1 

$8,936 

$0,544 

$0.105 

$0,088 

$0,008 

$0,852 









ll—a 

























































































































Example 4. Alaska-Treadwell Mining Co {Continued) 
Table 18. Detail* of Milling Costs, 1818 (per ton milled) 


COST OF MINING 
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Example 5. Hcdlisger Consol Gold Mines* Ltd* Canada 


TaU* 19. Batailad Coiti par ‘tan Milled* 1994 


Afloount 

Per ton 

Aeoount 

Per ton 

naetawml ehftrfMi.. 

SO.1054 

Bdining and Development— 


AdmiubtrayoB. 

WfiEUTI 

(Cmftniied) 




Ventilation. 

10.0006 

ClaariDK Biufaea, rosda. 

MllmM 

Alterations. 

0.0003 

Camp expense. 

0.0276 1 


♦3.0933 

Beardiiic house expoise. 



Alterations to plant. 




Marketing bullion. 

0.0454 

Milling; 



0.0202 

General milling charges. 

fO.0629 


0.0004 

Superintendence. 

0.0222 


0 0560 

Tailings disposal. 

0.0613 

Interest on bank loans. 


Heating. 

0.0167 


$0.4253 

Lighting .. 

0.0084 


Mill power plant. 

0.0153 

Mining and Development: 


Shoveling in bins. 

0.0019 

^ ^ IK . 

$0.0473 

0 

Crushing. 

0.0891 


Conveying. 

0.0297 

DiARinnd 

o’0582 

Stamping, rod and ball milling. 

0.1468 


0.1056 

Claseifioation and tube milling. 

0.1255 


0 1332 

Concentration. 

0.0322 


0 0169 

Treat’g and handling concentrate.. 



0 0597 

Handling pulp... 

EITl 'fl 


0 0415 

Thickening pulp. 



o!9466 

Cyanide. 

0.0565 


0.0790 

0 2495 

Agitation. 



Continuoua decantation. 

0.0208 


0 0138 

Filtration. 



0 0322 

Oliver filtration. 

0.0360 


o! 08I5 
p ^273 

Neutralising. 

0.0189 


Refining. 

0.0198 


0 0860 

Clarifying and preeipitatian. 

0,0360 


0 0117 

Pumping eolution. 

0.0109 


A niiAi 

Cleaning mill. 

0.0036 


0.0333 

0 

Mill sampling. 

0.0037 


Assaying. 

0.0211 


ojl492 

Maintenance of buildinge. 

0.0035 


0 0917 

Expnimental. 

0.0078 

flhfLipcininf . 

6! 0709 

Total milling charges.. 

$0.9436 

Distributing steel. 

0.0586 



Mine sampling. 

0.0468 



Change house. 

0.0106 

Reoapitulation: 



0 0150 

Total general charges. 

♦0.4253 


0 0134 

Total mining " . 

3.0933 


0 0363 

Total milling “ . 

0.9436 

Assaying. 

0.0422 

Total cost per ton. 

♦4.4622 
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COST OF MIMINO 


Example 6. HolUnger Comolidated Gold Minea, Ud (ConCtmieeQ 
TabI* to. Tearly Avar Opwrstiiif Coati par Toa KiUad 


Account 

Labor 

Supplies 

Sundries 

Total 

• 1924 

1925 

1924 

1925 

1924 

1925 

1924 

1925 

Mining. 

MtUng. 

Oen ohargec.. 
Totalc. 

11.9609 
0.3901 
0.1959 

11.7589 

0.3507 

0.1612 

11.4324 

0.5535 

0.0761 

$0.9832 

0.5536 

0.0382 

Hi 

1 

$0.2107 j 

83.0933 

0.9436 

0.4253 

$2,7421 

0.90*' 

0.4la/ 

42.5469 

82.2708 

$1.7620 

$1.5750 

1 $0.1533 1 

$0.2107 

$4.4622 

$4.0565 

General data 

1924 

1925 

Totd ore millei 
Avar value per 
Value per ton i 
Motion prMip 
Cyanide contui 
2ine conaumed 
Lime consumed 
Lead acetate pi 
Load nitrate pi 
Avar value prei 
Ore mined per 
ValoO produced 
Expense per nu 
Aver number ol 
Dev^opment a 
Ore developed i 

i . 

1 1 659 475 ton 

$8.39 

0.30 

1.05 ton 

0.368 lb 

1 0.0811b 

2.207 1b 
0.0061b 
0.010 lb 
$4.90 

1.65 ton 
$13.84 

7.23 

2 758 

46 315 ft 

41 ton 

1 929 988 ton 
$8.51 

0.33 

1.55 ton 
0.4021b 
0.090 lb 
1.9121b 


n tiulings. 

itated per ton ore... 

med per ton ore. 

per ton ore. 

1 per ton ore. 

IT ton ore. 

tnant solution. 

man-shift. 

1 per man-shift. 

in-shift (omitting depreo). 

1 men employed. 

0.0171b 

$5.27 

1.993 ton 
$16.28 

8.44 

2 668 

68 926 ft 

38 ton 

oer ft (estimated). 


Tabla tl. Oparatioiu for 1987. Tonnage mined, 1 719 109; ounces gold recovered, 425 082 



Total 

Per ton 

Bullion receipts. 

$14 877 898 

$8,654 

Mlscellaoeoua income... 

198 916 

0.115 

Total revenue. 

$15 076 814 

$8,769 

Working costs: 



Mining... 

5 972 040 

3.474 

Milling.. 

1 131 017 

0.658 

Marketing bullion. 

165 410 

0.096 

Workmen’s compensation 

129 486 

0.075 

Silioaoia assessment. 

208 880 

0.121* 



Totid 

Per ton 

Oensral fih&rsM. 

$708 319 

$0,412 

Total. 

$8 315 152 

$4,836 

Income before taxes and 
deprec. 

$6 761 662 

3.933 

Taxes. 

$1 000 469 
573 712 

$0,582 

0.334 

Dimredation. 

Net profit from operations 

$5 187 418 

$3,017 



















































































EXAMPLES OF COSTS 
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Riatnphi S. Transvaal G<rfd Mtadiig Cogti 
TiUa tl. Coili par Tea Milled (3 Moatha Eading Mar 31.1918) 


i 

Name of mine 

Aurora 
Wcat 
United 
Mine ^ 

Cinder¬ 

ella 

Consol¬ 

idated 

Mine 

Meyer , 
and 
Charl¬ 
ton 
Mine 

New 

Qooh 

Gold 

Mines 

Roode- 

powt 

United 

Main 

Reef 

Van 

Ryn 

Gold 

Mines 

EeUte 

West 

Rand 
Consol¬ 
idated 
. Mines 

Mining. 

Sorting, eruehing, and tmne- 

porting. 

Milling.. 

Qraniding. 

Oeneral ohargea. 

Office expenae. 

Mimi flevelopment redemption.. 
^rmaamt wwka. 

32.75 

0.14 

0.42 

0.45 

0.42 

0.09 

0.73 

$3.87 

0.09 

0.46 

0.41 

0.67 

0.18 

0.73 

$2.09 

0.09 

0.44 

0.54 

0.60 

0.45 

0.23 

■xn 

VmTV 

$2.75 

0.23 

0.37 

0.35 

0.41 

0. II 
0.49 

$1.88 

0.15 

0.47 

0.37 

0.31 

0.14 

0.45 

$3.61 

0.17 

0.41 

0.42 

0.52 

0.19 

0.55 








Total working eoate. 

Working profit... 

Revenue per ton milled. 

$5.00 

i.OO 

$6.41 

$4.44 

2.07 

$3.88 

1.13 

$4.71 

$3.77 

3.06 

$5.87 

1.40 

$6.60 

$6.40 

$6.51 

$5.01 

$4.60 

$6.83 

$7.27 

Ehcpended on capital account: 

Permanent works. 

Ezoaae development. 

Machinery and plant. 

Furnitum. 

$0,141 

0.065 

0.022 

0.004 

$1.17 

0.76 

0.79 

$0.17 

0.054 

0.005 

■ 

$0,398 

0.004 

$0,088 

0.001 

0.063 

0.004 

$0,392 

0.267 

0.074 

0.001 

0.085 

O.OII 

V^^Mlrtingrt ,. 

0.01 

0.004 

■Hmi 

Live stoak, vehiolM. 


0.004 

■mill 






Total capital expended. 

iMmm anlSta. 

$0,232 

0.025 

$2.73 

$0,233 

$0,059 

$0,402 

$0,156 

$0.83 








Total expended per ton. 

$5,207 

$9.14 

$4,673 

$3,939 

$5,112 

$3,926 

$6.70 

Tons Ore mined. 

TmM waste aorted out. 

% disearded aa waata. 

Tons ore eniehed. 

Days running time. 

Tons per stamp per day. 

Stamps operated. 

iHibe milla operated. 

Feet ot development. 

52 079 

9 980 
19.1 

41 699 
84.7 
6.15 

80 

3 394 

64 458 

9 328 
14.3 

55 170 
84.28 
8.01 

80 to 85 

3 

3 323 


97 489 

16 579 

17 

81 160 
81.79 
8.27 
120 

4 

1 575 

96 575 
17 656 
18.3 

78 891 
80.31 
19.65 

50 

3 

3 737 

132 962 

8 922 
7.2 

116 000 
84.10 
10.22 
135 

6 

3 626 

109 610 
23 410 

21.5 

86 300 

75.5 
11.74 

too 

4 

5 023 

Earning included in revenue 
stated above. 

1.496 

7.36 


1.156 

1.846 

1.946 

1.326 

Approx st<q;iing widtii, in. 

41 

40 

46 

61 

38 

39 

46 


Nota.»8M Tibki 23 for gonanl data on Aurora Wort United and the Meyer and Charlton. 
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COS^ OF MZNINO 


Exam^ & Traiuvmld Gold Mfadng Costs (Conimusd) 

Table SS. Gaaaral Data oa tba Aorwra Waat Uaitad & Xayar A Cbaiitos Xlaaa 


Data irbtained Oct, 1911 

Aurora Weat 
United 0(dd 
Mining Co 

Meyer A 

Charlton 
Qpld Mining 
Co 

Averace thickness of lode: 

Stoping width . 

42 in 

25 in 


Min 


216000 tons 

179 751 tons 
92.11% 

Il5ft 

TVnjwi9>tinA of or# fimm atoinof A.MMU .. 

too 000 

Average diatanee broken ore is moved to trunming level 
(Note 1). 

pftilljtkg t/ma 

200 ft 


750 ft 

700 ft 

1 490 ft 


1 079 ft 

TfmhilP itMwl pMp f.nn of turm oztrftoted.. 

oast 0.64^ 

251.5ft 

(0.12 ft poke 
(0.6 ft lagging 

479 ft 

Development work performed during 1912: 

Shafts... 


0 546 ft 

2 715 ft 


4 598.5 ft 

1 674 ft 

205 195 

979 ft 


194 605 

1 

n4th.im/hfigl flrilltnf .... 

milling tons 


i50 000gai 

1 000 ft 

65 000 gal 

1 650 ft 


Amount of power required: 

70 bp 

(Sea Note 2) 

• • 

lOpfap 
140 “ 

T^MViilnpffndMnt. hMtHinga. . .. 


560 “ 


hand 

hand 

425 hp 

55 *• 

10 " 


150 hp 

55 to 40 h p 

5 h p 

300 " 


TvaviMpnipf. to mill..... 


280 " 

80 '* 



100 bp 

40 " 

150 •• 

SO “ 

128 


Men employed: 

White. 

140 

Natives. 

1 545 

920 


Note 1.— Stopee run oa an incline of about 30”; backs averaaa 300 ft, with tramnunc lovda diraotljr 
below. Note 2.— Greater portion of stoping is done by manual labor, native hammer boys em> 
ployed. It requires 7S0 hp to operate compressors used in driving machines in development faoei' 
and in stopM where machines are wwked. General note. Bee Table 22 for other cost data for 
these mines. 


4 

Table Si. SomaiarT of Operating Results, 1924 and 1926, at 9 Transvaal Mines 


Name of mine 

GO^ 

•|| 

|l 

li 

|i 

II 

*•0 

1 

1 

Geldenhuis Deep, 
Ltd, 1924 

Nouise Mines, 

1925 

1 

1 

li 

3 

1 

i 

1 

1 

1 

Tons of ore crushed ... 

7% 000 

1479000 


789700 

602600 

i 174 500 


2609000 

2432000 

Gold revenue per ton... 

$9 19 

$10 55 

$5.30 

$6.50 

$5 84 

$8 89 

$6.90 

$6.87 

$6.01 

Working cost per ton... 

4.61 

4.16 


6.06 

5.60 

4.52 

5.76" 

4.69 

4.56 

Kspended on capital Sect. 




. . . 

0.05 

0.42 

1.66 

0.51 

1.40 

Total expenses per ton... 

4 61 


4.04 

6.06 

5.65 

4.94 

6.42 

5.20 

5.96 

Pro&t on ore per ton.... 

4.58 


1 26 

0 44 

0 19 

3.95 

0.48 

1.67 

0.04 

Mwoel proflta pet ton... 

< » . • 


0 17 

0 10 

0.07 

0.17 

0.19 

0.09 

0.12 

Total prodt. 

4.58 

5.51 

1.43 

0 54 

0.26 

4.12 

0.67 

1.76 

0.08 

Taxes per ton. 

0 76 

0 95 



0.04 

0 52 

0.16 

0.33 

es.. 


Kote.'^-Esobaags taken at #4.87. These mines produced approx 3 560 000 6ne oa in 1924, or 37% of 

^ total output of ths ItaiuL 
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Example 6. Tnmcveal Gold Miiduf Costs {CoMmvsd) 


TsU« SS. Sttmsiary of Oporating Retultt, ISIS 


Name of mine 

Modder- 
fontmn B 
Gold Mines 

1 

New 
Modder- 
fontein 
Gold Mines 

Hose Deep, 
ltd 

Geldenhuis 
Deep, Ltd 

Tons of ore crushed... 

3M570 

585 900 

782 200 

627 «4f5 

Gold revenue per ton milled. 

99.07 

$8.58 

$7.00 

$7.53 

Total working ooste (see A) . 

4.29 

4.54 

4.23 

6.28 

Sundry expenses. 

0.25 

0.01 

0.04 

0.08 

Construction, etc, chg’d to capt ace't. 

0.28 

0.61 

0.05 

0.18 

Total Expenditure per ton milled. 

4.82 

5.16 

4.32 

6.54 

Profit on ore per ton. 

4.25 

5.22 

2.68 

0,79 

Miscellaneous profits. 

0.07 

0 05 

0 01 

0 09 

Total profit evw expenditure. 

4.52 

5.27 

2.69 : 

0.88 

Government income tax on profits. 

48.6^ 

55 6^ 

22.66 

7.26 


(vl) Items of Working Cost per Ton Milled 


Mining (see B) . 

$2.25 

$2.78 

$2.59 

$3.85 

Development charged. 

0.44 

0.38 

0.24 

0.75 

Milling expenses (see C) . 

1.03 


1.03 

1.15 

General expenses. 

0.44 

0.38 

0.37 

0.49 

DAriAwikla x.nrl rfipULCMnenta. 

0.13 



0.04 






Total Working Cost per Ton Milled. 

$4.29 

$4.54 

$4.23 

$6.28 


(B) Items of Mining Costs per Ton Mined and Other Data 



437 306 

657 806 

922 844 

776 511 

714 195 

TfinR APA from utopM. 

406 178 

601 860 

883 349 

Tons ore from development. 

31 128 

55 946 

39 495 

62 316 


55 

57 

60 

44 


. 

$0.71 

$0 87 

$0.81 



0.24 

0.14 

0.12 



0.25 



0.71 

0.81 

0.46 

O.SI 


0.34 

0.65 

0.53 

1.01 


0.02 

0.06 





$2.00 

$2.47 

1 

$2.19 

$3.12 



(C) Items of Milling Cost per Ton MiUed and Other Data 


Tons of we received from mine. 

Per cent waete sorted out of mine ore. 

Average value of waste sorted out. 

Tons of ore stamped. 

Stamps in operation. 

Tons per stamp per 24 hr. 

Tons of pulp oyanided. 

Per cent of total yield by mill. 

'Per cent of total yield by cyaniding. 

437 306 
11.1% 
496 
388 570 

80 

14 

387 487 
57.5% 
42.5% 

657 806 
11% 
596 

585 900 

180 

9.7 

586 615 
76.4% 
23.6% 

922 844 
15.1% 
$1.01 
782 200 
300 
7.6 

781 735 
66.5% 
33.5% 

776 511 
19.1% 
306 
627 960 

300 

7.1 

633 162 
68.2% 
31.8% 

Ore sorting and crushing.. ■ - 

$0.08 

$0.08 

$0.12 

$0.16 

Transporting from crusher to mill. 

0.02 

0.02 

0.04 

0.04 

Stamp milling. 

0.201 


JO. 291 


Tube milling. 

0.181 

0.45 

io'n. 

0.49 

Amalgnumtion... 

0.041 


(0.06l 


Cyaniding... 

9.51 

0.45 

0.38 

0.46 

Total per Ton Milled... 

$1.03 

WBm 

$1.03 

$1.15 
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COST OF MINING 


T«bl« M. Sttiuaiary df Operatliif Rauilti, 1911 {Cmielmdeii 


Nonree , 
Minas, 

Ltd 

CSty 

Deep, 

Ltd 

Vaiage 

De^ 

Ltd 

Ferreira 

Deep, 

Ltd 

Crown 

Minea, 

Ltd 

Bantjee 
Gone Mims, 
Ltd 

' Durban 
Boodepoort 
Dev 

«l 096 

479 650 

596 900 

559 800 

1 920 700 

286 453 

293 995 

t7.4l 

$6.63 

$7.25 

$9.70 

$7.78 

$7.17 

$7.27 


5.77 

4.84 

5.16 

4.45 

5.85 

5.91 


0.07 

0.05 

0.07 

0.13 

0.10 

0.07 


0.12 

0.34 

0.02 

0.53 

0.14 

0.25 


5.96 

5.23 

5.25 

5.11 

6.09 

6,23 

I.5S 

2.67 

2.02 

4.45 

2.67 

1.08 

1.04 

0.09 

O.IS 

0.04 

0.18 

0.02 

0.06 


1.67 

2.82 

2.06 

4.63 

2.69 

1.14 

f.04 

16.56 

27.26 

20.56 

416 

326 

11.76 

11.56 


{A) Itema of Workinv Coot per Ton Milled 



■H 


$3.22 

1 

$3.16 

$3.79 




0.30 


1.09 

0.60 


1.03 


1.15 


1.09 

1.03 

0.42 

0.45 


0.39 


0.51 

0.49 




0.10 






BHHHHHI 




$5.47 

$5.77 

$4.84 

$5.16 

$4.45 

$5.85 

$5.91 


(fi) Items of Mining Coat per Ton Mined end Other Data 


718 128 

672 349 

45 779 

55 

487 565 

446 835 

40 730 

54 

698 124 

645 415 

52 709 

60 

663 084 

626 044 

37 040 

65 

2 183 305 

2 081 222 

102 083 

64 

327 710 
310 366 

17 344 

41 

357 270 

319 678 

37 592 

46 

$1.40 

$2.09 

$1.05 

■da 

$1.01 

^■R|||ra|i 

$0.95 

0.20 

0.24 

0.20 


0.14 



0.04 

0.04 



0.10 


0.04 

0.61 

0.71 

0.45 


0.57 


0.49 

0.73 

0.38 

0.69 


0.73 


1.24 




0.12 

0.04 








HBHHHHI 


$2.98 

$3.46 

$2.39 

$2.71 

$2.59 

$2.76 

$3.12 


(C) Itema of Milling Cost per Ton Milled and Other Data 


718 128 

487 565 

698 124 

663 084 

2 183 305 

327 710 

357 270 

15.1% 

15.6% 

14.8% 

15.7% 

11.9% 

12.6% 

17.7% 

696 

246 

266 

656 

576 

636 

496 

610 196 

479 630 

596 900 

559 800 

1 920 700 

286453 

293995 

260 

120 

180 

220 

660 

80 

IM 

7.6 

7.5 

9.5 


10.3 

11.0 

0.6 

609 250 

477 160 

596 860 


1 915 716 

287 270 

293 508 

74.9% 

65.4% 



70.1% 

68% 

70.5% 

25.1% 

34.6% 

mmm 


29.9% 

40% 

19.5% 

$0.08 

$0.10 

$0.12 

$0.14 

$0.10 

$0.14 

$0.18 

0.02 

0.04 

0.02 


0.04 

0.02 

0.02 


1 0.22 

0.22 

0.32 

0.31 

0.22) 


0.49 

{ 0.27 

0.14 

0.18 

0.12 

0.145 

0.46 



0.08 





0.59 

0.40 

0.31 

0.47 

0.34 

0.47 

0.37 

$0.98 

$1.03 

mg 

$1.15 

$0.91 

$1.09 

$1.03 






- 

































































Example 6. Transvaal Gold Mines {Concluded) 

Table 17. Sammary of Operations of Eighteen Leading Companies in 1937 


21-21 




0) Miaod ezpenaw, net. 

(e) CMht ftom return oi unexpended balances previously appropriated. 

Note. Esehsnge taken id $5.00 These mines produced approx 7 851 061 Ene os in 1937, or 68.6% of total output of Rand. 
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COST .OP MINING 


Example 7. Btiaker Hill & SiaUivaii Mining & Concentrating Co, 

Kellogg, Idaho 

Table SS. Sommary of Miaiag and Milling Operatione 


Receipts 


Oroas value abippiOK ore and cone 

Miaeel receipts. 

Otber revenue after income taxes. 
Total receipts. 


Kxpenditures 


IiSsqmqEI 


Year ended 
May 31, 1909 


$3 252 413 1 $1493 511 |$6 930 896 |$8 393 071 


$5 396 916 $6 756 343 $7 /49 848 

96 595 . 

174 353 643 223 



Table >9. Development Costs per Foot 
and Ton 


Table 30. Cost of Stoping per Ton of 
Concontratiag Ore Mined 



Machine men. 

Miners. 

Sbovelers. 

Timbermen and car¬ 
penters. 

Hoistmen and ski 

men. 

Bsplosires. 

lUuminaute. 

Timber and lagging. 
■Miscellaneous sup¬ 
plies. 

Machine shop repairs 
Tool shop repairs... 

Compressed air. 

SUrv^ng.. 

Continjient expense. 

Administrative.| 

Concreting. 

Total costs. 

Less diamond drill 
ing pw foot. 

Total average cos' 
par foot_ 

Total feet of devel 
opment....,. 
Total feet M <ui 
mond drilling. 
Development cos 
per ton 
mined........i 


$ 1.37 



Shovelers. 

Carmen and tram 

mers. 

Motormen. 

Timbermen and cuir 


oistmen and ski 



.006 0.006 
0.026 0.032 
$i.54il$2! J67'$2.342 






































































































































EXAMPLES OP COSTS 


21-23 


TaU* SI. Coacmtratiac Costs per Top Ore 



May D«c 1924 192S 


Cruahing and eon- 
veying: 

Operating labor.. 

Power...... 

Supplies. 

Kepain. 


Screening: 
Operating labor. 

Power.. 

Suppiiea.. 

Repairs. 


Jigging: 

Operating labor. 

Power. 

Supplies. 

Repairs. 


(irinding: 
Operating labor. 

Power. 

Supplies. 

Repairs. 



Concentrating: 
Operating labor. 

Power. 

Suppiiea. 

Repairs. 


igi 


General mill ex¬ 
pense; 

Supervision. 

Heat, light and 

power. 

Supplies. 

Repairs. 

Miscel charges . 
Taxes and insur¬ 
ance. 

Administration 

expense. 

Depreciation... 


Total cost. 

Total direct cost $0. 386 $0. 359 
Grand total. 


Shipping ex 
per ton.... 
$0.060|$0.0721 Tons shipped 



expense 



$0,238 $0,322 
99 698 75 806 


Table 3S. Summary of Operations tot 1937 


Production front own mines: 

Tons ore. 386 576 

Lead...59 014 000 lb 

Zinc.36 246 000 “ in concentrates 


Silver. 2 179 684 os 


Gross metal sales. 

Direct operating costs.. .. 

Depreciation and depletion. 

Taxes, federal, state and local.... 

$20 726 854 
513 486 
390 783 

Less increase in metal inventories.. 

21 631 123 

1 484 036 

Operating profit.. 


Total profit. 

Depletion charged. 


Total production, including metals from custom 
ores purchased: 

Lead.106 958 8171b 

Zinc. 36 246 000 “ in concentrates 

Silver. 20 363 308 os 

Gold. 4 047 ■ 

Copper, antimony, cadmium and bluestone, all 
in form of by-producta, were also produced. 


note. If silver, gold, and all 
other metals produced, ezeept lead 
and sine, are credited to cost of pro¬ 
ducing lead and sine, there was a 
20 147 087 profit before depletion of $62.07 per 

- ton of lead and sine. As the aver 

2 488 904 price received for theee metals was 
101557 about $122.20 per ton, the cost, after 

-^- other metal credits, but before de> 

2 590 461 pletion, was about $60.13 per ton. 
366 193 


Profit before depletion.. $2 956 654 










































































21-24 COST OF MINING 

Example 7. Bunker Bill & SuUiTan Mining & Concmtniting Co {Candvded) 
Tmbl* 8S. Hlitorical Summary (rf Oparatiomt, 188e-ltS7 


Period 

Ore mined 

Gross assay 

v^ue of ore 
recovered ■ 

Net smelter 
returns 

Operating 
profit (before 
depletion) 

All other net 
surplus 
(before 
depletion) 

XMvidends , 
paid 

May, 1886, to 
Deo, 1912 

5 546 787 

1 52 978 903 

$ 31 480 913 

$17 747 666 

$ 2 075 358 

$13911 750 


ri9i3 

436 060 

3 890 139 

2 329 888 

I 167 317 

118 433 

817 500 


1914 

440 819 

3 362 498 

2 010 136 

973 355 

160 257 

981000 


1915 

455 205 

4 177 819 

2 384 543 

1 241 031 

603 637 

1 062 750 


1916 

475 784 

6 253 048 

3 297 827 

1 844 758 

520 282 

1 716 750 


1917 

493 030 

9 584 963 

4 943 782 

3 285 827 

240 443 

2 043 750 


1918 

389 027 

6 094 285 

3 949 878 

2 533 888 

387 211 

1 553 250 


1919 

393 698 

5 093 825 

3 362 191 

1 765 992 

92 730 

1 144 500 


1920 

409 986 

6915 140 

4 586 976 

2 967 683 

561 066* 

1 962 000 


1921 

426 530 

4 612 444 

2 695 594 

874 438 

643 303* 

981 000 

e 

1922 

421 532 

5 171 228 

3 332 543 

1 772 703 

274 436 

1 062 750 

i 

1923 

423 817 

5 968 275 

3 959 802 

2 174019 

70 008* 

1 635 000 

kb 

1924 

422 907 

6 755 521 

4 592 072 

2 751 005 

174 552 

1 962 000 

1 

1925 

453 412 

7 766 169 

5 439 765 

3 415 092 

643 222 

2 959 209 

1 

1926 

459 761 

7 202 042 

4 949 692 

2 858 683 

895 496 

2 981 709 

'll 

1927 

456 134 

6 910 720 

4 705 667 

2 567 189 

789 961 

2 993 628 

Q 

1928 

452 345 

6 711 631 

4 366 031 

2 156 631 

770 718 

3 003 962 


1929 

451 111 

7 188 837 

4 659 910 

2 170 865 

820 629 

3 009 042 


1930 

455 475 

5 921 999 

3 646 219 

1 184 631 

1 032 359 

2 109 690 


1921 

460 366 

4 604 284 

2 536 258 

265 377 

532 329 

553 246 


1952 

429 880 

3 385 038 

1 535 357 

250 206* 

290 486 

61 636- 


1933 

458 565 

4 076 743 

1 991 217 

232 339 

726 130 

58 901 


1934 

362 388 

3 578 955 

1 711 570 

130 186 

380 863 

56 296 


1935 

353 259 

4 100 818 

2 018 969 

260 398 

702 845 

218 482 


1936 

347 603 

4 971 124 

2 608 327 

680 111 

992 071 

1 525 166 


[1937 

386 576 

6 874 652t 

3 913 066t 

1 378 344 

1 297 238 

1 851 659 


16 264 057 

$194 151 113 

$117 008 204 

$58 149 332 

$13 247317 

$52 216 631 


* Dvfldt. t Inoludea returns on sale of stored sine concentrates produced in prior years. 


Example 8. Sunshine Mining Company 
Table S4. Summary of Operations for 1937 
. 255 BOO 


Tons miUsd... 

Metals roeoTsesd: 

Silver.!. 12 146 853 os 

OoU. 240 •• 

l4ad. 347 1001b 

Copper. 2 784 000 “ 


After ereditini all other metals produced to 
cost of produoint silver, costs wwe as follows; 



Per ton 

Per os 

“9.86^ 

.95 

.98 

5.43 

13.76 

Mining. 

$ 4.68 
.45 
.47 
2.58 
6.33 

Development. 

Milling. 

Overhead and general... 

Taxes of all kinds. 

Total. 

$14.71 

deprec. 

30.984 

75.19 

44.214 

Net smelter receipts per os silver. 
Profit after all charges, including 


Example 9. Burma Corporation 

Table 80. Summary of Operations for Tear Ending June SO, 1937 


Production: 478 806 long tons 
Metals reeovered; 


Refined lead. 

74 885 

long tons 

Zinc concentrates. 

78 213 

6 4 s s 

Copper matte. 

8 250 

«• 91 

Nidi^ speias. 

Antimonhl lead. 

4 320 

If 04 

1090 

6 1 6 • 

Stiver. 

... 6 135 000 

OB 


After crediting all other metals sold to cost of 
producing lead and recoverable sine in eoDoen> 
trates (39 000 ton approx), the profit from lead 
and sine, including cost of treating sine oonoenc 
trate, was as follows, after deprec: 

£ - 4.95 

Total profit. £1 236 794 | 6 122 131. 

Estimated receipts from 

sale of lead and sine... 2 516 237 $ 12 455 374 

Cost of produdng lead 

and sine. £1 279 431 $ 6 3>3 242 

Cost of prodneing lead andtine, perion, £ll<^i^ 
pw lb, 2.474. 







































EXAMPLES OF CO^TS 81-25 
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Baun^e 10. Lead Mining CostSt Soudxeastem Misaotvi 


Table S6. General Operatinc Keeolte, 19U 


(a) Ora mined, wet tone. 

4 62S 746 

(6) Ore milled, wet tone. 

4 630 036 

(c) Cone produced, dry tons. 

175 438 

(d> Flotation product, dry tons.... 

71 668 

(e) Total of (e + d). dry tons.. 

247 106 

Lead content of (e), tons. 

168 074 

Lead par ton ore, lb. 

72.6 


Cost per ton 

(/) Jhcapecting, $0,115; (g) Devel> 

ore 

opment, $0.195. 

$0,310 

($) Mining, $0,969; (i) Mine sus* 


pense acets, $0.002. 

0.971 

U) Milling. 

0.388 

ik) Shop, yard and stable expense.. 

0.045 

(1) Indirect operating and lo<ud gen- 


eral expense. 

0.156 

(m) Other suspension expense. 

0.001 

(n) Local electric sub-station. 

0.009 

(o) Klectrio line loss and meter dif- 


fetenee. 

0.017 

(p) Total operating cost at mine and 


mill (/ to o). 

$1,897 

(«) Milt product transportation_ 

0.035 

(r) Smelting charges. 

0.498 

Total cost per ton ore, 90% 


of lead in concentrates being 


ing lead, fob shipping point 


(p to r), excluding deprec. 


general expense and taxes... 

$2. 430 


.Table Ste. Wage Scalea 



Aug, 1913 

May, 1926 

Shift bosses. 

$3.10 

$5.90-$5.9S 

Drillers. 

$2.15- 2.40 

5.05 

Blacksmithe. 

2.55 

S.05- 6.60 

Hand loadwa. 

2.40 

5.00 

Hlectrie-ehovel opera* 



tors. 


5.65 

Locomotive engineers.. 

2.75 

5.05 

Trackmen, ehutemen. 



ear dumpers. 

2.40 

5.00 

Hoisting engineers.... 

2.60 

5.05 

Compressor men. 

2.60 

5.00 

Diamond drillers. 

2.60 

5.05- 5.15 

Machinists and eleotri- 



cians. 

2.10- 3.10 

5.00- 6.15 

Mill men. 

1.15- 2.60 

3.85- 4.60 

Surface, common labor. 

I.IS 

3.85 


Example 10a. Tri-State Fieldt Zinc and Lead Mining 

(Wade Kurts. Bull Amer Zi&o lust, Apl. 102ft) 


Table 37. ATerage Cost per Ton of Concentrates Produced 




1921 

1922 

1923 

.1924 


Labor (all classes). 

$ 7.4956 

$10.8152 

$14.3071 

$13.83)4 


Salaries. 

0.8092 

0. 8490 

1.1454 

1.06)6 


Explosives. 

1.9039 

2.2407 

2.6007 

3.1568 


Supplies and repairs. 

2.7663 

4.2469 

4.7071 

‘5.0576 


Power and power fuel. 

2.5798 

3.0127 

2.7257 

2.6465 


Liatnlity insurance. 

0.3457 

0.5052 

0.7681 

1.0362 


Fire and tornado insurance. 

0.3939 

0.2960 

0.324) 

0.3687 

41110 

Taxes. 

0.2103 

0.1388 

0.2858 

0.2546 


Mieoellaneoua. 

1.0654 

1.2003 

1.6899 

2.3383 


Total mining and milling. 

17.5681 

23.3084 

28.5539 

31.75)7 


Deprec and depletion. 

5.2306 

5.8480 

5.9)92 

5.2504 


Royalty. 

3.082) 

4.5884 

5.9384 

6.0518 


Miseet income (credit). 

0.1480 

0.1399 

0.2762 

0.3184 


Aver cost per ton sine cone... 

$25.7328 

$33.6013 

$40.1353 

$42.7355 


Mining and milling cost. 

$17.5681 

$23.3084 

$28.5539 

$31.75)7 


Deprec and depletion. 

5.2306 

5.8480 

5.9192 

5.2504 

Lead 

Ri^alty. 

8.4440 

10.7797 

14.7642 

15.0998 


Miseel income (credit). 

0.1480 

0.1399 

0 2762 

0.3)84 


Aver cost per ton lead cone.... 

$31.0947 

$39.7926 

$48 9611 

$52.5845 
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COST OF MINING 


9 

Enntjjie KM. Tii^tate Hold, Zinc and Lead Mining; (Conduded) 


TaU* S8. Avaraga Coat par Ton of Ora ICinad and MiUad. 



1921 

1922 

1923 

1924 

l4U>or (ell elaeeee). 

80.7088 

0.0765 

$0,810$ 

0.0637 

$0.9635 

0.0771 

$0.9922 

0.0665 

Selariee... 

Rxploeivee. 

0.1801 

0.1680 

0.1751 

0.1978 

Suppliee and repairs.. 

0.2616 

0.3194 

0.3170 

' 0.3170 



0.2259 

0.1836 

0.1659 

T.{m.hlKliy Inaimiirj^. 



0.5017 

0.0649 

fiirtiAdln ifiaiifAncfi... 



0.0218 

0.0231 

0.0160 

Tsma... 

0.0199 

0.0104 

0.0192 

Ibfimnml . . 

0.1007 

0.0690 

0.1135 

0.1466 

Total mining and mUUng eoet. 

$1.6613 

$1.7472 

$1.9225 

$1.9900 


Example 11. Copper Mining Costs 

Tabla 39. Miacallaneooa Group; Production and Coats, 1913 


Mine 

Tone of 
ore milled 

Yield 
per ton 
IbCu 

Total 
pounds of 
copper 
produced 

Cents per lb of copper 

Oper¬ 

ating 

eoet 

Gold, 

silver 

credit 

Sundry 

credit 

Net 

cost 

Constr, 
etc, not 
included 

Anaconda...’. 

5 069 242 

56.0 

294 474 161 

12.3 

2.6 

0.24 

9.40 

0.01 

North Butte. 

425 297 

62.0 

26 480 123 

13.1 

3.37 


9.73 



444 289 

29.8 

13 352 634 




11.00 

0.04 




16 406 336 

12.6 

1.05 


11.55 


Orenby. 

739 519 

i7.9 

13 231 121 

17.3. 

6.06 


11.24 


Britieb Columbia..., 

740 589 

15.0 

II 146 811 

18.5 

5.3 


13.20 

J.) 

Calumet end Arisona. 

159 513 

92.1 

16 490 229 

10.66 

1.96 


8.70 

0.2 

Superior and Pitta- 









burgh . 

288 429 

127.0 

36 618 399 

7.67 

1.36 

0.05 

6.26 


Munn Vnllaiy. ^ ... 

241 822 

66.5 

16 058 493 

14.8 

0 23 


14.57 


Old Domimen. 



16 533 999 

) 9 0 

0 51 

0 44 

8 05 

0 59 

United Globe. 

188 524 

65.0 

12 252 073 

} ■ 





nnd aver. 



473 044 379 

12.16 

2.38 

0.18 

9.6 

0.40 

Pheipa Dodge Co... 

mmn 

nMH 

140 628 798 

cost estimated 8.5 to 94 per lb 


Example 12. Utah Copper Co, Bingham, Uteh 

Tabla 40. Summary of Oparating Rasults for 1933 


OperaUnc revanue: 

Copper produced, 2M 162 1391b at 14,069^ 
Gold *' 76 152.432 os at $20... 

surer '* 629 762.49 os at 69.02^.. 

Total revenue. 

Operatina espensea; 

Mimaa, inoludina atrippina. 

Oe deUvery, mine to miU. 

Mining. 

Treatment, freiabt and refinina. 

Selling expense. 

Profit from operations. 

MisoeUanepus income, net. 

Total income. 

Charges against income: 

Depredation.•' 

Federal income tax and other chargee. 

Leee on idant and retired equipment. 

Net income to surplus account. 

“ ** psrlbo<a>pw. 

** cost per Ib eoppsr before depletion.. 


$4 282 333.39 
I 443 082.73 

6 748 331.44 

7 010 871.55 
267 702.74 


$1 207 270.38 
I 020 894.12 
206 433.63 


S.I85« 

8.6846 


$30 130 561.89 
1563 168.64 
478 152.46 

$32 171 882.99 


$19 752 321.73 
$12 419 561.26 
1 118 541.67 
113 538 102.93 


2 434 598.13 
111 193 594.80 


* 
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Example 12. Vtali Copper Co, Bing^iam, Utah (jC&nduded^ 

Table 41. General Opeiatinc Data 

Tonnftge mined and milled.. iZ 538 300 tone Stripping removed. 7 938 411 cu yd 


Copper in ore. 1.02% or 20.4 lb per ton Gradeof concentrate ehipped. 17.47% copper 

Aver mill recovery. 17.78 lb per ton Production of refined copper.. 214 162 IK lb 


Operating eoeta per ton on concentrating ore, including all fixed, general and maintenance chargee. 
1910 to 1925, inchuive: 


Year 

Tonnage 

Mining 

Ore delivery 

Mining 

Total 

1910 

4 340 245 

$0.4097 

$0.2978 

$0.4663 

$1.1738 

1911 

4 680 801 


0.3078 

0.4168 

1.1725 

1912 

5 315 321 


0.2848 

0 4158 

1.1239 

1913 

7 519 392 


0.2797 


0.9761 

1914 

6 470 166 

0.3232 

0.2782 


0.9550 

1915 

8 494 300 

0.2441 

0.2751 


0.8624 

1916 

10 994 000 


0.2792 


0.9355 

1917 

12 542 000 




1.4170 

1918 

12 160 700 




1.7630 

1919 

5 538 700 






5 556 800 




1.9886 

1921 

1 220 700 




1.8598 

1922 

4 364 251 


0.1612 

0.8417 

1.3862 

1923 

II 167 800 


0.1088 

0.6116 

1.0692 

1924 

12 126 600 


0.1308 

0.5990 

1.0903 

1925 

12 538 300 

HBsezefli 

O.IISI 

0.5382 

0.9906 


Note.>—Mining coet for 1925 includee proportional “prepaid” etripping charge of 12.6^ and fixedjand 
■ general chargee of 4.126- Actual direct nuning coat of all oree, 21.236 per ton. 


Example 13. Chile Copper Co, Chuquicamata, Chile 

Table 42. Sommary of Operating Reealtf for 1928 

Operating revenue: 

Copper Bold, 207 978 026 lb at 14.2736. 

Production coat. 

Operating Profit.. 

Other income. 

Total revenue. 

Chargee agoinat income: 

Taxen and miaoel chargee. 12 567 923.25 

Interest and diecount on bonds. 2 239 958.92 

For deprec and obeoleacence of plant and equipment. 2 640 975.36 

Net income carried to balance sheet... 

“ “ per lb of copper... 5.7466 

*' coat per lb copper before depletion. 8.5276 

. " “ “ and bond interest. 7.4506 


129 684 407.13 
II 293 499.32 
$18 390 907.81 
997 100.28 
$19 388 008.09 


7 448 857.53 
$11 939 150.36 


Table 43. General Operating Data 


Or# mined... 

Copper in ore mined, % . 

Waste removed. 

Or# treated. 

Copper in ore treated. 

Aver recovery. 

Aver working force. 

Capper produced.. 

J‘ “ per man p«r calendar day 

Ore^mined per man per calendar day. 


7 778 910 tons 
1.592 

5 400 221 tona 
7 785 875 tona 

1.593% «• 31.861b perton 

90.36% - 28.789 lb per ton 

5 987 men 

219 316 4201b 

1001b 

3.56 ton 
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* 

Example 1^ tSiampion C(q)per Co, Mich (Vs owned by Copper Range Co) 

* 

Table 4i. Keceipts end Expenditures from Organization to Dec 31,1925 


Capital atodc. 


Received from eale of copper: 


Yr 

1902 

4 165 784 lb at 11.826 

$492 553.36 

1903 

10 565 147 


13.376 

1 412711.43 

1904 

12 212 954 

l( 

13.026 

1 591 109.71 

1905 

15 707 426 

14 

15.566 

5 444 554.91 

1906 

16 954 986 

44 

19.066 

3 231 328.71 

1907 

16 489 436 

*• 

17.286 

2 648 838.41 

1908 

17 786 763 

41 

13.396 

2 381 137.30 

1909 

18 005 071 

41 

13.006 

2 339 361.62 

1910 

19 224 124 

44 

12.746 

2 447 844,73 

1911 

15 639 426 

44 

12.546 

1 960 758.13 

1912 

17 225 508 

44 

16.166 

2 782 457.60 

1913 

12 080 594 

i| 

14.896 

1 798 984.15 


Total production. 

Aver price received 


$2 300 000.00 


Yr 

i9l4 

15 807 206 lb at 13.386 

$2 114 468.18 

1915 

33 407 599 

44 

17.406 

5 814 279.21 

1916 

33 601 136 

44 

25.286 

8 494 367.18 

1917 

27 550 343 

II 

28.7356 

7 916 569.27 

1918 

21 748 514 

II 

24.7576 

5 384 208.35 

1919 

19 886 917 

II 

16.6686 

3 712 489.67 

1920 

13 610 324 

II 

17.1736 

2 337 318.60 

1921 

20 719 307 

II 

13.04276 

2 761 792.18 

1922 

19 583 806 

II 

14.35916 

2 811 069.22 

1923 

18 412 630 

41 

14.866 

2 736 047.34 

1924 

20 061 6M) 

ta 

13.766 

2 760 921.91 

1925 

17 957 60S 

44 

14 2586 

2 560 419.15 


438 404 236 lb copper $77 635 590.32 
.17.708^ 


Espenditures! 

Real estate (Champion location). $1 025 000.00 

•' “ (lands since purchased). 14 095.28 

$1 039 095.28 

Net cost of construction and equipment, minina operations, smelt- 
iag and marketing copper, taxes and sundries. 45 523 958.06 


Total expenditure. 
Net balance of receipts. 


46 563 053.35 


$31 072 536.97 


Dividends paid: 

1903.. $300 000.00 1910.. 900 000 00 1918.. 1 975 720.00 

1904.. 200 000.00 1911.. 500 000.00 1919.. I 280 000.00 

1905.. I 000 000.00 1912.. I 100 000.00 1920.. 600 000.00 

1906.. I 200 000.00 1913.. 900 000.00 1922.. 600 000.00 

1907. .1 000 000.00 1915..3 100 000.00 1923.. 700 000.00 

1908.. 500 000.00 1916. .6 014 540.96 1924.. 780 000.00 

1909.. 800 000.00 1917.. 4 480 000.00 1925.. 1 140 000.00 

- 29 070 260.96 

Excess of net receipts over dividends. *2 002 276.01 


Total profit per lb. 7.088^ Percent of total receipts distributed 

Dividends paid p« lb. 6.63ti! os dividends. 57.5% 

Aver coat per lb. 10.6206 


Table 45. Summary of Operations in 1925 


17 957 605 lb copper produced and sold at 14.2586 per lb. 

Interest wedita. 

Expenditures: 

Running expensas at mine and property taxes. 

Bmeltiag, freight, eoet of marketing copper and gen expense.... 


. $2 560 419.15 

. 43 778,90 

$2 604 198.05 

$1 803 283.16 
303 150.46 


$2 106 433.62 


Profit on operations. $497 764.43 

Lcse construction charges tot 1925.^_11 499.79 


Excess of reedpta over expenditure.. $486 264,64 

Pereeatsge of to1»] receipts remaining. 18% 


Table 45. Oenerdl Data, Copper Range Co, 1215-1925 

- - ■ - ■ ■ . - ... ^ e ■ 

Rook stamped, 383 746 tons. Refined copper produced, 14 298 916 Ibr Refined copper par tea 
stamped, 57.261b. 


Average yidd of eopper per ton of rook from sU miiMs: 


, W13 

32. SO lb 

1918 

34.421b 

1921 

37.521b 

1924 

40.80Ib 

1916 

33.07 ” 

1919 

36,14 " 

1922 

36,32*‘ 

1925 

38.38“ 

1917 

32,97 ” 

1920 

38.70 •* 

1923 

39,74« 

it 
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Ezsmple 16. Miami Copper Co, Miami, Aria 

Table 47. Summary of Operationa, from Annual Reporta 
Note,—For full details of 1912 easts, see 1st Eda of this book, |>p 1339-1344 



1912 

1924 

1925 

3 mo ended 
Dec 31, 1925 

Mining, per ton ore. 

Milling, per ton ore. 

Gen ndne expense per ton ore. 

$1,203 

0.459 

0.180 


■■ 

n 

Total cost of mining and milling per 

ton we treated. 

Cost per lb refined copper: 

Mining and milling and gen exp. 

fWght on cone to smelter. 

Smelting, refining and frt on blister 
eopipei*. 

$2,042 

$0.0647 

0.0068 

0.0232 

0.0013 

0.0012 

$2,036 

$0.0823 

0.0068 

0.0172 

0.0028 

0.0034 

1 

$1,620 

$0.0912 

0.0094 

0.0191 

0.0026 

0.0039 

$1,088 

$0.0777 

Selling, frt, disc't and comm. 

New York expense. 


Total operating expense... 

Less miscel cr^ts... 


$0.1126 
0.0003 

$0.1262 

0.0006 


Net operating charges.. 

Deprec charged. 

$0.0958 

0.0052 

■DBV 

$0.1256 
0.0082 


Total coat, including deprec.. 

$0.1010 

$0.1193 

$0.1338 

$0.1203 (est) 

Ore milled, tons. 

Assay, % Cu. 

Coneentrate produced, tons. 

Copper in cone, lb. 

Copper extracted per ton ore, lb. 

Mill extraction, % . 

Net smelter returns, refined Cu. 

1 040 744 
2.393 

46 683 

34 560 665 
33.21 
69.39 

32 832 609 

2 444 079 
1.624 

80 516 

63 658 471 
26.046 
80.17 

60 475 547 

2 919 600 
1.287 

97 770 

54 577 076 
18.693 
72.60 

51 851 274 

893 658 
0.972 

29 457 

13 171 610 
14.739 
75.79 
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ibounple 15. Miami Copper Co. (Concluded) 


Table 48. Sonunary of'Operatiog Costa per Ton of Ore 



1912 

1924 

1925 

3 mo ended 
Dee 31, 1925 

Mlniiig ooata: 





StofHng. 

$0.60636 

$0.51873 

$0.36433 

$0.16214 

Develop't charge per ton mined, 
to eatinguifb total ooet of 





d«v4dop’t. 

0.31000 

0.31000 

0.24572 

0.10000 

Hauling..... 

0.09909 

0 10623 

0.07862 

. 0.05811 

Hoisting. 

0.06327 

0.04332 

0.04024 

0.03978 

Pumping. 

0.008S2 

0.00346 

0.00271 

0.00169 

General underground. 

0.04307 

0.06165 

0.07436 

0.04147 

Handling men and auppliee. 

Underground lighting. 

0.01566 

0.00439 

0.00707 

’0.00532 

0.00251 

Engineering and sampling. 

0.02495 

0.02125 

0.01781 

0.01252 

Mine surface expense. 

0.02776 

0.05777 

0.02928 

0 02329 

Total mine operating costs- 

$1.20327 

$1 12948 

$0.85839 

$0.44151 

Milling costa: 

Coarse crushing. 

Fine grinding. 

Flotation. 

Si 

•I® 

> 

•§5 

$0.08848 

0.22565 

0.12997 

$0.10217 
0.1*8929 

0.10677 

Concentrate retreatment. 



0.00401 

0.01239 

Concentrate disposal. 


2 - 

0.01335 

0.01455 

Tailing disposal. 



0.02215 

0.03244 

Water supply. 

i 

1 

0.03397 

0.02604 

General mill expense. 



0 05404 

0.04425 

Total milling costs. 

$0,659 


$0 57162 

$0.52790 



1912 

1924 

1925 

General mine expenses: 

Taxes. 

General expense. 

Mine office. 

General surface. 

General accident. 

Research. 

Engineers, Mgr and Supi 
Total general expent 

Per pound copper produret 


See note above 
Table 47 

$373 740 

147 575 

23 364 

41 854 

5 352 

188 

68 500 

$294 008 

151 433 

24 222 

26 298 

1 353 

32 

71 500 

es. 

... . 

Per ton ore 
$0.ISO 

$660 573 

$0.01092 

$568 846 

$0.01097 

Construction costs 

1924 

1925 

Construction costs 

1924 

1925 

Mining plant. 

Concentrator... 

$31 334 

61 040 

18 098 

8 112 

1 128 

$60 023 
416 871 

69 110 

27 912 

3 967 

Domestic plant. 

Construction in progress. 

$5 405 

5 706 

$8 908 ' 
120 551 

Water supply. 

Industrial plant. 

penses. 

$130 824 

$707 342 


Total oonitruotion for 2 yean, $838 166. Depreo charged for 2 yean, $849 138. 
Nora.—Mill oaiwo iaoreased from 6 800 to 10 000 tone daily during 1924 and 1925. 
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Example 16. Nevada ConeoUdated Copper Co, Ely, Nev 


Table 4». Summary of Opwttlng: Resultg. from Aanuri Roport* 



1912 

. 

1924 

1925 

Total tons ore treated.. 

2 867 731 

63 063 261 
21.90 

1.69 

66.25 

9 09 
10.49 

3 418 900 

70 237 050 
20.86 

1.20 

87.09 

6 76 

9.61 

3 832 504 
73 653 886 
19.22 
1.18 
90.17 

Refined eopper, lb.. 

Net sdeld refined copper per ton ore, lb. 

Aver copper assay of concentrate, %. 

Mil] extoaction, %. 

Ratio of ore to eonoentrate. 

Aver copper in ooncentrate, %.,. 


Note.—I ncluded in 1925 figuree ore 598 114 tone of nmtrriul averaging 0.084% copper, removed 
in etripping, which yielded on concentration 9.63 lb copper per ton and 2(^ gold, llemainder of ore 
averaged 1.21% copper, of which mill recovery was 92.24%, grade of concentrate 10,70%, ratio of 
concentration 9.59, and net yield refined copper per ton ore treated 22.32 lb. * 


Table 50. Nevada Coaaol Operating Costs 


• 

1912 

1024 

>925 

Total 

1 

i per 
IbCu 

Total 

i per 
IbCu 

Total 

i per 
IbCu 

Mining, including proportion of 







stripping cost. 

II 436 366 

2.28 

$2 763 561 

3.93 

$2 756 461 

3.74 

Ore delivery. 

759 129 

1.20 

528 966 

0.75 

564 513 

0.77 

Milling. 

1 414 506 

2.24 

2 058 942 

2 93 

2 030 263 

2.76 

Smelting. 

1 480 089 

2.36 

1 625 858 

2 32 

1 684 808 

2.29 

Rent of Steptoe plant, including 







deprec. 

1 204 630 

1.91 





Freight and refining. 

918 ISI 

1.45 

1 063 417 

1.51 

1 106 765 

1.50 

Selling commiseionB. 

103 359 

0.16 

88 168 

0 13 

91 859 

0 12 

Total operating costs. 

17 316 230 

11.60 

18 128 932 

■mPE 

$8 234 670 

11.18 

Less receipts for-Au and Ag. 

521 277 

0.83 

729 333 

■III 

798 371 

1 08 

Cost after crediting Au and Ag. 

$6 794 953 

10.77 

17 399 599 

10.53 

$7 436 299 

10.10 

Lesa other income; 




1 



Dividends on investments. 

1 459 112 

) 2 44 

450 000 

I n AO 


1 A AT 

Othw misoel income. 

82 808 


35 338 


153 119 


Net cost of copper on market. 

$5 253 033 

6.33 

$6 914 261 

9.84 

$6 983 ISO 

9.48 

Capital expenditure. 

620 714 

0.98 

1 394 622 

1.99 

619 394 


Deprec charged. 



$601 719 

0.66 

$671 450 

0.91 


Example 17. Union Minidre du Haut Katanga, Africa 

Income statoncnt for 1924 shows a profit after all credits and charges, including depre* 
ciation, but before interest and depletion, of 93 994 010.40 francs, from a production of 
188 370 798 lbs of copper, or 0.4459 franc per lb. With the franc at the value in. March. 
1926 of 3.91ff, this is equivalent to 1.743^ per lb. 


Table 81. Operating Results for 1W5 


Trtfal rwNfh mm*r1 ^AVAtudinff flinfin) . 

1 383 453 jnetrio tons 


90 144 “ 

Appa.t*Anf. ylAldf 6.49^^ 129 8 Ihm per short ton (2 000 lb)... 

129.8 lbs 

ToUd ivnfit Mter all eredits and charges, including deprec, but before interest 

ftfid dAplAflnn..... 

i 

130 521 117.59 franoe 

fiA AhnVfl psr Ih ooppM*.. 

0.6571 

Wif.h fhA fvA.fie at 3.91 oftntA. this epiials 

2.569^ per lb 
14.0424 *■ " 

11.4734 ■■ " 


Indicted cost per lb after credits and charges as above. 


Table 62< Union Minitre Operations for 1937 



1 62ft OOQ metric tonft 


150 588 “ " 


or 332 037 139 lb 
9.25% 

420 982 606 Belgian franos 
1.271 " 

4.294 per lb 
12,4414 “ “ 

8.1514 •' “ 

Total pn^t after all w^ts sndohargM including depree, but before interest 

Frcdlt, siTabove, per lb of copper. 

PfaKsKIa avmi vnnAA tsMUcAdl /aaa Mots 2 bstow 20) ... 

“Taditatad eost'L. I..... 
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Example 18. Kotaiida Mines, Ltf, Hudson Bay Mining & Smelting Co 

Tabl* BS. OpsntlOBS for ISST 


Ore mined, tons.. 

Metnla recovered, lb: 

Cojiper .. 

Zim... 

Cndmium.. 

Selenium.. 


IM 160 353 Tellurium 

68972 224 

306 776 Gold, 01 .. 

89 733 Silver, oi. 


3 667 920 

12 830 

410 220 
2 326814 


Above ficuree do not include metele recovered from euatom oree purohaaed. 


Frofita after ell ehargea inchidins depree. $16 765 290 

Applying these total profits to copper production gives. 12.1356 pw lb of eopper 

I^cetecdved (see Note 2 below Example 20). 12.4006 " *' 

“Indicated coet of copper". 0.2656 ** ” 


Note: These figures show the great advantage Canadian copper produeera have over competitors, 
because of the by-product metals produced. International Nickel Co, showing similar results, is the 
hugest copper producer in Canada, with Noranda and Hudson Bay second and third respectively in 
v^ume of production. 


Example 19. Roan Antelope Copper Mines, Ltd, and Mufulira Copper Mines, 

Ltd, Rhodeda 


Table 54. Operations for Year Ending June 30,1938 


Exchange £1 « $4.76 

Mined, 
short ton, 
and ODSta 

Milled, 
short ton, 
and costa 

Total cost 

Blister copper produced 

per ton 

Short ton 

Coet per ton 

Roan Antelope. 

3 126 100 
at 92.7586 

3 126 100 
at 28.566 

$1,213 

84 280 

$7,635 

Mufulira. 

) 598 886 
at $1,518 

1 585 000 
at 58.076 

$2,099 

58 101 

$9.93 


Net profit per lb copper, after all charges, including deprec: Roan Antelope, 4.4486; Mufulira, 3.9666. 


Example 20. Anaconda Copper Mining Co, Rennecott Copper Corp and 

I^elps Dodge Corp, 1937 

Copper production 2 074 974 125 lb. Net profit, after crediting all ^ofits on other operations to 
eleetrolytio copper production: $93 951 029 — 4.5286 per lb. 


Summary of Copper Production, Costs and Profits in 1937 



Production, 
lb oopiier 

^ofit before depletion 

“Indicated 

coet,” 

eta 

Total 

Cte per lb 

Canada. 

United States and South America..... 

Africa, Rhodeaia. 

Africa, Belgian Congo. 

138 160 333 

2 074 974 125 
407 778 560 
332,037 139 

$ 16 765 290 

93 951 029 

18 707 335 

14 208 176 

12.135 

4.528 

4 387 
4.290 

0.265 

7.913 

6.677 

8. ISI 

Totals and averages... 

2 952 950 177 

$143 631 830 

4,864 

7.411 


Note I. In calendar year 1937 the above groups produced 58.86% of totid World production. 

Note 2. The large companies considered here have not reported, in reoent years, tiie aver price 
received for copper. The aver Eng Min Jour quotation in N Y for 1037 was 13.1076 per lb. How. 
ever, certain ei^tor oompanies, not considered here, do publish their figures and ^eee indieate a 
Bubatantially lower price, around 12.4006 per lb. In arriving at tiie “indicated ocet” by differ* 
enoe between price received and profita realised, this lower price baa baoi tidun, ego^t in tb» 
ease cf tiie Rhodeeian ec^pen, whoae groas income re pr esents their reoeipta from e< 9 per fairly 
cloaeiy. beoauae reoeipta from other souroee are intignificant. In tha eaee of lUiekana..a gipaH part 
of grass ineomo came from aalea cobalt. Ibis.woidd tend to raise the stated aver price eoppet 
and, therefore, Um “indicated eoat," by perimpe V46 PV lb for thirt .group. 

Note 8. Tbe above figures represent resulto for year anded Dae 31, 1987, with esception ^ tlM 
Bhadesian co mp a n fae. In the lattar oaae, theresnlta an for the 18 nwttthientHng Joha SO, 19 Ih. ‘ 
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Bxain|>le 21. boa Miniiiy Costa 

Efforts mads to obtoiii rspressntatiTs onmnt costs of producing iron oro have boon 
without success, for tho reasons given in tiie Introduction to this Section. In the 
abeence of recent costs, it has beep decided to retain the following Table. prewar 
figures therein ma^ bo of some value, as they can be converted roughly into present-dsy 
costs by multiplying them by a factor of, say, 60 to 75%, as may seem appropriate in 
the judgment of the instructed reader. 

It may be added that iron mining has become so largely a cloaely-controlied specialty, 
that mining engineers in general have leas interest in the cost of producing iron than th^ 
have in the cost of the non-ferrous metals. Details of the tedmique od iron'mining 
methods, in deposits of different kinds are given in Sea 10. 


Example 21. Iron Mining in Michig an 

Table 66. A Five-year Summary from Records of All Iron Mines Operating in Michigan, 
1906 to 1910, Induaive, Showing Average Cost and Average Value of Ore per Ton, 

FOB, Clevelend, Ohio 


1 

Gogebic Range, 
Gogebic County 

l-fr 

|i 

So 
s s 

Crystal Falls Db- 
triet. Iron County 

Old Menominee 
Range, Dickinsim 
County 

Western 

Marquette Range, 
Baraga County 

Marquette 

Hard Ore Mines, 
Marquette County 

Marquette 

Soft Ore Mines, 
Marquette County 

■& 

bji 

S 

oqS 

111 

t-a-s 

fit 

Misiag. 

$1 35 

$1.30 

$0 97 

$1 13 


$1 67 

$1.33 

$1.58 

$0 65 

Explontion and development 

0.10 

0 64 

0.04 

0.09 


0.10 

MEm 

0.07 


Construction, shafts, maob’y 






1 




eto. 

0 16 

0 25 

0 23 

0.10 


0 19 1 

O.ll 

0.08 

0.15 

Generul expenso andadmin... 

■igiTI-g 

0.09 

0 064 

0 097 



0.12 

0 08 


Tans. 

0.063 

0.025 

0.02 

0.06 


1 0.12 

0.07 

0.05 

0.015 

Total expenditure at mine... 

$1.772 

$2,305 

$1 324 

$1,497 

$1,569 

$2,144 

$1.71 

$1.86 

$0.94 

Royalties. 

0.39 

0 21 

0 24 

0.24 

0.181 

0.14 


0.26 

0.12 

Rail freights. 

0.40 

mSm 


0 40 

0.35 

BKl 


0.32 

0.40 

Lake freights. 

0.70 


i 0 57 

0.60 

0 61 



0.65 

0.60 

Commissions. 

0 045 

mm 

mm 

0 07 

0 06 

0.02 

0.01 


0.10 

Total expenditure, fob, 






iil 




Cleveland. 

$3.30 

$3.52 

$2.62 

$2.80 

$2.77 


$2.85 

$3.09 

$2.16 

Av«M|fA loM per tm. 


0.22 

! 


0.02 

MNM 



0.22 

Average profit per ton. 

■El 


0.83 

0.84 



0.85 

0.33 


Average value per ton, fob, 






mi 




Cleveland. 

$4.34 

ms 

$3.45 

$3.64 

$2 75 


$3.70 

$3.42 

$1.94 
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COST OP MINING 


Example 22. Coal Mining Coats 

EzamplM of these costs are limited, few data bang given out bgr the eompaniea for 
publication. Tables 56 to 66 present some of the main facts. 

TaUe 66. Data on Anthracite Coal Mining in 1916 (Philadelphia A Reading Coal and Iron Co) 

figures ue from statements in annual reports, but'ido not represent all expenditures, 
as some relate to buying and selling of both anthracite and bituminous coal. Deduct* 
ing receipts from the sales and amounts for purchase of bituminous coal, it appevs that 
the profit was between 9|i and 10^ per long ton of anthracite during year ended Jime 30, 
1913. Company apparently paid about $2.50 per ton for anthracite purchased. 


Costa per ion 2 240 lb, year ended June 30 



1912 

1913 

Tons mined... 

8 671 013 
$2.12 

0.097 

0.053 

0.0038 

0.0680 

0.0007 

0.0099 

11 089 742 
$2.09 

O.ll 

0.055 

0.013 

0.047 

0.0003 

0.0085 

0,0097 

Mining coal *nd repairs. 

Improvements st collieries, etc. 

Royalty of leased collieries. 

Improvements and repairs of houses. 

Taxes on coal lands and improvements. 

Damages on account of coal dirt. 

Fixed charges... 

Additional wages, account of slidUng scale. 



Totid per ton of 2 240 lb. 

$2.3524 

2.10 

$2.3335 

2.08 

•. 2 000 ". 


During previous years, company has charged about 54 per long ton for depletion of coal lands. 


Table 67. Bituminous Coal Mining (Pittsburgh Coal Co. from Sept l, 1899 to Dec 31,1913) 



Per ton, cts 

Tons of coal and coke produced (2 000 lb). 241 289 912 

Earnings after deducting expenses for operation, taxes, losses, interest on bonds 

ryi f«|b«lrtti6riMi, iltiH fidjiiikf.m«ant.fi..... 

24.80 

4.29 

4.40 

4.65 

Imb: Reserve for depletion of coal lands. 

DfliprAmatinB of plant and machinery...... 

Interest on bonds. 

Total capital charges. 

13.34 

n.46 

7.15 

Apparent profit per ton, including all income. 

Paid in dividends. 


Record for year ended Dec 31, 1913 

Tons of coal produced. 24 501 804 

Tods of coke produced. 205 400 

Total tons produced (2 000 lb). 24 707 204 

Operating charges: maintenance, repairs, administration, selling, and general 

■1 


Interest on bonds, etc, of subsidiary companies. 

dianniinta and interest. 

Lcjeeeei insurance, and pensions. 

To*,! npnmting nnaf.. 

$1.21 

0.149 

$0,111 

Total oamtal charges. 

Net earnings for year. 


















































EXAMPLES OF COSTS 
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Table U. Average Cdal Tonaage Mioed per Day per Man During Itlt 

(Compiled from D S Geol Sarv Rep, "The Production of Coal in 1912") 


State 

Number hr 
per day 

1 

Aver tonnage 
per man 
per day 

Machine- 
mined 
coal t 

Aver price at 
minoa per 
ton 2000 n> 

1 

Alabama.| 

6 and 9 

2.91 

23.2 

$1.29 

Arkansas. 

1 

2.95 

3.7 

1.71 



1 M 

1.8 

23.2 

22.33 

i.49 

Colorado. 

8 and 10 

3.72 

Illinois. 

8 

3.95 

44.9 

1.17 

Indiana. 

8 

3.88 

54.7 

1.14 

Iowa. 

8 

2.37 

1.3 

1.80 

Kansas. 

8 

2.97 

1.1 

1.62 

Kentucky. 

8, 9 and 10 

3.38 

66.4 

1.02 

Maryland. 

10 

3.11 ' 

2.5 

1.18 

Michigan. 

8 

2.11 

52.7 

1.99 

Missouri. 

8 

1 2.17 

20.7 

1.76 

Montana... 

8 

1 4.03 

32.3 

1.82 

New Mexico. 

10 

3.28 

8.1 

1.42 



3.46 

3.77 

33.8 

1.53 

Ohio. 

8 

87.0 

i.o7 

Oklahoma. 

8 

2.4 

7.1 

2.14 

Pennsylvania: 

A nt.hrn.ritA. 

9 

i 2.1 

' 

2.11 

Bituminous... 

8* 

3.89 

50.8 

1.05 

Tennessee. 

9 and 10 

2.68 

18.6 

1.14 

'Tatra . 


1.84 

4.8 

1.67 

Utah. 

8 

3.18 

3.8 

1.67 

Virginia. 

10 


40.8 

0.96 

Washington. 

8 

2.69 

7.7 

2.39 

West Virginia. 

8, 9 and 10 

3.68 

52.3 

0.94 

Wyoming. 

8 

3.85 

32.1 

1.58 


RepreHonts 60')? of employee, 40% about equally divided between 9 and 10 hr. 

! Average production per year per machine, 13 763 short tons. 

Includes Alaska. 


Abstracts from BuU No 4, "Coal Mining Practice in Diet No 7," May, 1914, Illinois Coal 
Mining Investigation: District includes mines operating on bed No 6, west of Duquoin 
anticline, and covers Bond, Clinton. Fayette, Macottpin, Madison, Marion, Montgomery, 
Moultrie, Randolph, St Clair, Shelby, Washington, and a portion of Perry, Christian, 
and Hanganmn Counties. Bed No 6 varies from 2.5 to 14 ft thick, average 7 ft. There 
are 6 slope and drift mines, but shafts are generally used, as bed lies at considerable 
depth; maximum 707 ft. General system of mining is unmodified double-entry room- 
and-pillar, but some are worked by panel system. Average recovery of coal, 55%. 
Output for year ended June 30, 1912, 22 454 672 short tons, or 39.1% of production of 
state. Mines operating, 196; shipping, 150; local, 46. Tons mined by machines, 
13 558 530. Tons mined per 8-hr shift; 140 by chain, 71 by puncher maeWnes. Aver¬ 
age days operated by mines, 158. Days work performed, 4 399 826. Employes: sur¬ 
face, 2 364; underground, 25 493; total, 27 847. Aver number underground men for 
each surface man, 10.8. Tons mined per day per man, 5.1; per surface man, 60,6; per 
underground men, 5.6; per worker in shipping mines only, 7.3 tons. Tons mined for 
each man injured, 78 788. In one mine 1 keg powder breaks 30 tons coal in shooting 
from solid, and 90 tons after puncher undercutting. Tons broken per keg of powder, 
from 17 to 175, depending on method. Cost of powder, from 1^ to 10.3|i per ton coal. 
Total powder used during year, 426 353 kegs. Timber props range from 1.3 to 7.2 per 
100 sq ft of roof, costing from 10.5^ to 70.3^ per 100 sq ft of roof, or 0.5^ to H per ton 
of coi. Mines using locomotive haulage, 78; cable, 3; mules, 101; hand power, 14. 
At one mine a gasolene locomotive hauls to shaft bottom 1 300 tons of coal per shift (con¬ 
suming 18 gal gasolene) at cost of 0.17^ per ton. Another hauls 900 tons per shift (con¬ 
suming 15 gal gasolene) at cost of 0.2fi per ton; average trip, 25 loads of 4 (X)0 lb each, 
induding cars. Ton mileage in coal of ail locomotives ranges from 311 to 2 203 per shift. 
Cost of keeping mules, from 75^ to $1 per day. In one mine, on a 2% grade in favor 
of l n nd ¥ , 2 mules; weight 1 300 lb each, made 75 loaded trips of 700 ft, with 4 cars, capacity 
3 500 lb, wmgfaing 1000 lb empty, the ton mileage for each mule being about 54.67. 



































COST OF MINING 


Table n. Coat of HydrauUc FilUiix at CoUietiea (prewar) 

CU S Bureau of Mioes, Bull No 60, to which reference ie made for detaila} 


Baaed on planta of 
at leaet 400 cu yd 
- daily capac. 

Coata in ct per cu yd 

Culm 

Material used for filling 

C'ulm 

mixed with 
crushed 
breaker 
and boiler 
refuse 

Local hy¬ 
draulic 
Band, loam, 
gravel, 
clay, etc 

Local 
crushed 
Band, loam, 
gravel, 
clay, etc 

' Material 
brought from 
distance in 
returning 
empty can 

Surface 

transport 

(mechanical) 

Gravity. 

Scraper or con¬ 
veyer. 

Pump. 

1 to‘1.5 

4.5to6 
2.25 to4 

4 to 5.5 

7.5 to 10 
5,25 to 8 

8 to 14 

ll.5to 18.5 
9.25 to 16.5 


Cost of material, 
loading frei^t, 
unloading, pre¬ 
paring and sur¬ 
face transport 

Inter- 

medialo 

transport 

Shaft or.slope... 
Bore bole. 

0.25 to 0.5 
0.1 to 0.2 

0.75 to 1.5 
0.2 to 0.5 

0.9to 1.75 
0.3 to 0.7 

1 to 1.5 
0.4 toO.8 

1 to 1.5 
0.4to0.8 

111 

Trough. 

Pipe. 

0.1 toO.3 
0.3to0.5 

0.1 to 0.3 
0.3 to 0.5 

0.1 to 0.3 
0.3to0.5 

0.1 to 0.3 
0.3 toO.5 

add 25% 
add 25% 

il 

In flat workinge.. 
In inclined work¬ 
ings. 

In .itcep workings 

7.25 to 9 

12.25 to 14.5 
14 to 27,5 


7.25 to 9 

12.25 to 14.5 
14 to 27.5 

7.25 to 9 

12.25 to 14.5 
14 to 27.5 

add 25% 

add 25% 
add 25% 

1 

Incidental. 

Special. 

0.4 to 0.7 
1.25 to 8 

0.4 to 0.7 

1.25 to 8 

0.4to0.7 
1.25 to 8 

0.4 to 0.7 
1.25 to 8 

add 25% 
add 25% 

1 

Minimum. 

Maximum. 

9.3^ 

56.25i! 

9.H 

56.25^ 

mm 

■IH 

BB 

mm 























































EXAMPLES OF COSTS 21-^7 


Tftbte €0> Antiiradte Prodoctloii: Costa por Ton. Solos Rsolizottons, oad Moifias from 
Calm«bonk Cool of 8 Componios, Jon, UiT>Mch, IMS 

Noto.—Data in TaUco 00-63 are from 1924 report of Federal Coal Comm, pp 807. 881 and 3019 


Period 

Produe- 

tion, 

groaa tona 

Aver 

monthly 

prodno- 

tion, 

Kroaetona 

Coata { 

m 

n 

Marsin 

Labor 

Sup- 

idim 

Gen¬ 

eral 

espenae 

Total 

fob 

mine 

Jan-ApU' 1917. 

853021 

21J255 

10.34 

10.15 

$0.28 

$0,77 

$1.82 

$1.05 

Mas^Atut. 1917. 

1 450 684 

362 671 

0.44 

0.21 

0.26 

0,88 

2.38 

1.50 

Sept-Nor, 1917. 

1 164 718 

388 239 

0.42 

0.25 

0.29 

0.96 

2.60 

1.64 

Deo, 1917-Oot. 1918. 

5 102 326 

463 848 

0.64 

0.28 

0.26 

1.18 

2.97 

1.79 

Nov^Deo, 1918. 

1 018050 

509 025 

0.89 

0.36 

0.32 

1.57 

3.28 

1.71 

Jan-Mar, 1919. 

770 352 

256 784 

1.09 

0.41 

0.50 

2.00 

3.31 

1.31 

ApWune, 1919.. 

609729 

203 243 

1.02 

0.35 

0.58 

1.95 

4.41 

1.46 

July-Sept, 1919. 

837 730 

279 243 

0.88 

0.29 

0.60 

1.77 

3.37 

1.60 

Oot-Dee, 1919. 

994013 

331 338 

0.96 

0.27 

0.54 

1.77 

3.41 

1.64 

Jan-Mar. 1920. 

926422 

308 807 

1.08 

0.37 

0.49 

1.94 

3.30 

1.36 

Apl-Sept, 1920. 

2 484 593 

416 099 

1.03 

0.37 

0.51 

1.91 

3.74 

1.83 

Oot^Deo, 1920. 

1 641 545 

547 182 

1.03 

0.39 

0.52 

1.94 

3.97 

2.03 

Jan-Meh, 1921. 

1 021 822 

340 607 

1.17 

0.43 

0.59 

2.19 

4.25 

2.06 

Apl-June, 1921. 

531 653 

177 218 

1.23 

0.31 

0.68 

2.22 

3.76 

1.54 

Juljr-Sept, 1921. 

304 751 

101 584 

1.19 

0.36 

0.77 

2.32 

3.30 

0.98 

Oet-Deo, 1921. 

335 001 

111 667 

1.01 

0.41 

0.88 

2.3C 

2.85 

0.55 

Jan-Moh, 1922. 

388 284 

129 428 

1.04 

0.31 

0.56 

1.91 

2.78 

0.87 

Apl-Sept, 1922. 

322 031 

53 672 

1.36 

0.42 

0.97 

2.75 

3.52 

0.77 

Oet-Dec, 1922. 

966 211 

322 070 

1.12 

0.33 

0.62 

2.07 

3.82 

1.75 

Jan-Meh, 1929. 

986 175 

328 725 

1.17 

0.39 

0.63 

2.19 

3.78 

1.59 

Jan-Nov, 1917 (11 mqa).... 

3 468423 

315311 

mi 

0.21 

0.27 

0.88 

2.32 


Dec. 1917-Deo. 1918 (Dmoe) 

6 120 376 

470 798 


0.29 

0.27 

1.25 

3.01 

BN 

Year 1919. 

3 211 824 

267 652 


0.32 

0.55 

1.86 

3.38 

Bhti 


5 052 560 

421 048 

BN 

0.38 

0.51 

1.93 

3.73 

BN 


2 193 227 

182 769 

Bwi 

0.38 

0.68 

2.23 

3.81 

BfftI 

Year 1922. 

1 676 526 

139 627 

Bbh 

0.35 

0.67 

2.17 

3.51 

BN 

Jan-Mch, 1923. 

986 175 

328 725 

HReI 

0.39 

0.63 

2.19 

3.78 

iBN 


Toblo 81. Attthrocite Production: Costa por Ton, Soles ReoUzotions, ond Morglns from 
Culm-bonk Cool of 14 Identicol Componios, Jon, 1919-Mch, 1988 



Produc¬ 

tion, 

groBBtona 

Aver 

monthly 

produc¬ 

tion, 

groaa tona 

Coats 

SalsB 

realisa¬ 

tion 


Period 

Labor 

Sup¬ 

plies 

Gen¬ 

eral 

expenae 


Margin 

Jan-Meh, 1919. 

829 649 

276 549 

$1.10 

1.00 

$0.42 

0.34 

$0.54 

$2.06 

1.98 

$3.30 

$1.24 

Ap1-HTiin«i, IQI9... 

718351 

229 450 

0.64 

0.65 

3.26 

i.28 

July-^t, 1919. 

1 009 338 

336 446 

0.85 

0.28 

i.78 

3.28 

1.56 

Oob-Dec, 1919. 

1 149987 

383 329 

0.93 

0.28 

0.60 

1.83 

3.39 

1.56 

Jan-Meh, 1920. 

1 065 225 

333 073 

1.06 

0.38 

0.61 

2.03 

3.33 

1.28 

Apl-Sept^ 1920. 

2 814071 

469 012 

1.01 

0.37 

0.40 

0.63 

2.01 

3.79 

1.78 

Oeb-Dw, 1920. 

1 827 352 

609 117 

1.03 

0.62 

2.05 

3.05 

2 .OO 

Jan-Mar, 1921. 

1099992 

366 664 

1.21 

0.44 

0.65 

2.30 

4.17 

1.87 

Apl-June, 1921. 

562 167 

187 389 

1.31 

0.34 

0.71 

2.36 

3.73 

1.37 

Jiilv—Sent. 1921. 

336 641 

112214 

1.29 

0.39 

0.47 

0.80 

2.48 

3.30 

0.82 

Oot-Dee, 1921. 

429 717 

143 239 

1.08 

0.98 

2.53 

2.91 

0.38 

Jan-Meh. 1922. 

525 779 

173 260 

1.03 

0 33 

0.7.6 

2.12 

2.76 

0.64 

Sept, 1922. 

365 927 

365 927 

LIO 

0 33 

0.70 

2.13 

3.58 

1.45 

Oei-Deo. 1922. 

K21H97 
1196 036 

404 299 

1.09 

Kl3 

0.82 

0.70 

2.26 

4.01 

1.75 

Jan-Mch, 1923. 

398 679 

1.14 

2.24 

3.87 

1.63 



Year 1910. 

3707 325 

308 944 

0 96 

0.33 

0.61 

1.90 

3.32 

1.42 

Year 1920. 

5 706 648 

475 554 

miyi 

6.39 

0.62 

2.03 

3.79 

1.76 

Year 1921. 

2 428 517 

202 376 

1.22 

6.42 

0.74 

2.38 

3.75 

1.37 

Year 1922. 

2 130 838 

177 570 

1.12 

0.37 

0.88 

2.37 

3.61 

1.24 

Jan-Meh, 1923. 

1 196 036 

398 679 

1.14 

0.40 

0.70 

2.24 

3.87 

1.63 























































































Table es. Anthracite Ceetn of M Companies. lSlf-1911, and Jfan>Mch, USS 


31-38 


COOT OF lONIHa 


u 

if 

a 

w* 

5.SI 

6.14 
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k 
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s 
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1 X88 

8 

d 
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t R*® 
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s 
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1 
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8 
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X 
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! 8SS 
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d 

s== 
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d 

1 

1 ddd 

8 
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1 S8S 
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11^ 

ii 
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s 

e» 
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s 
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1 S=2 
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8 
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B 
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8 
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s 

d 
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8 
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8 
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8 

d 

1 1 

css 

si®® 
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d 

m 

n 

d 
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3 

d 
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3 

d 
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1 
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o 

d 
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O 
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odo 

d 
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d 

m 
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m 

8 

d 
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d 
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9 
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¥ 
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9 

_ 

a 

•8 

It 

r 

Y«w 1919: 

R R cod compkniei. 

L«scr independents. 

Smnlkr independents. 

V Total. 

Year 1920: 

R R eonl companies. 

Larger indepndents. 

&nalter independents. 

Total. 

e'l'i : 

>• 

jij i 

■•|H i 

Sl« S 
|Sfl 

■’ii ^ 
illii 

|s^ ^ 































































































Table 68. Sammary of Ktmniiiooi Cotta per Ton of 1180 Operatora in 88 Kdda, 1818, Ittl, ItSt 


EXAMPLES OF COSTS 






Urited Btette 























































21--40 COST OF limiKO 

TaU* M. Laber, 8an&Mi ivi4 OfliM Costa Minos In Sdoctod Cost fMds» IfM* 


District 

Labor 

Sundiea 

Oriur produetiim * 

Aver 

for 

district 

Range for 
component 
fields 

Avar 

for 

district 

Range for 

component 

fields 

Avar 

for 

dsAriet 

Range for 
emnponent 
fields 

Eastern Pennsylvania. 

li.22 

91.13-1.52 

$.301 

I.266-.449 

1.305 

9.252-. 381 

Marriand'Uppcr Potomao. 

I.2S 

1.25-1.26 

.235 

.225-.248 

.277 

.238-. 307 

Wastam Pennsylvania. 

1.14 

1.00-1.30 

.241 

.173-.292 

.359 

.224-.515 

Ohio. 

1.09 

1.05-1.22 

.219 

.209-.270 

.260 

.224-.307 

Northern West Virginia. 

.93 

.89-1.23 

.187 

.171-.260 

.257 

.208-. 394 

Southern Bubdivirion No 1. 

1.09 

1 .02-1.20 

.260 

.243-.281 

.327 

.300-. 349 

Southern Subdivision No 2. 

1.03 

.78-1.21 

.231 

.196-.266 

.290 

.245-.352 

Alabama. 

1.33 

1.18-1.89 

.366 

.330-.575 

.317 

.288-.343 


* Compilod by Induatrial RcMsreh Dept, Univ of Pmoeylvsnie. from Bituminoiu Coal Code 
Statietioe, 1933-1036 (Divuioo of Research end Plsaaing, NRA) 


TnUo 66. Costa por Ton of Coal Mined by Commordsl Opontions In Miniimim Pries 

Area Ho 1.19S4* 


Labor 


DoUare per ton 


Pereentace 
of total 


Daymen. 

Bfining. 

Yardace and deadwork.. 

Mine superviawy and derieal. 

Total labor coat. 

Supplies 

AU auppliee except power and fuel. 

Power purehaaed. 

Mine fuel. 

Total mine aupidiea. 

Other production eoeta 

Salaries and expenses. 

Taxee. 

Inauraneel... 

Deprociationv. 

Royaltiea. 

Compensation insuranor. 

Depletion. 

Company house expense (leas income).... 

Mine office, code authority, and operatora association dues 

Usaseisned credit. 

Total oUter production coats. 

Total production costs. 


0.3784 

23.9 

.5264 

33.3 

.0560 

3.5 

.0710 

4.5 

1.0319 

65.2 

.1760 

11.1 

.0760 

4.3 

.0097 

0.6 

.2527 

16.0 

.0213 

1.4 

.0229 

1.5 

.0073 

0.4 

.0891 

5.6 

.0523 

3.3 

.0486 

3.1 

.0421 

2.6 

-.0023 

-0.1 

.0167 

l.l 

-.0018 

-0.1 

.2962 

10.8 

1.5808 

100.0 


e Compiled by Industrial Research Dept, Univ of Pennsylvania, from Bituminous Coal Code 
Statistics, 1033-1985 (Division of Reeeareh and Planning, NRA). Minimum Price Area No'l 
comwiaea coal fields of Iowa and all atatee east of Miaaiaaippi River, except those of Ala, Qa, and 
Southern Tenn. 
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WAGES 


1. “DAY»S PAY” OR “COMPANY” MEN 

l>*7*l pty tjatam, an agreed amount of wages for a definite number of botirs' work, 
is open to the objection that it may entail an undue expense for supervi^on, to avoid waste 
of ^e and supplies. But, for many classes of mine employees, as engineera, mechanios, 
foremen, office force, and miscellaneous laborers, the day's pay or salary system is tto only 
practicable one. For underground work, day's wages are also preferable to contract or 
bonus arrangements in those mines in which the minerals are irregularly distributed, 
requiring discrimination in the separate handling of ore and waste, or in which the mining 
conditions are difficult, demanding slow and painstaking operation; both of these objwts 
are likely to be defeated by any system which aims to promote speed. Day's pay system 
is preferred at several large open-pit copper mines (Sec 10, Art 96) where work can be 
■ti^ardized and readily supervised. Among 80 (mdnly underground) American mines 
described (2) to 1932, 13 operated on day's pay exclusively, and 20 adopted day's pay 
except for mucking or development. 

Day’s wages compared. Data in Table 1 are useful mainly as a basis of comparison 
for estimates of mining cost, since labor is almost always the preponderating factor in cost 
of opei;ation (60 to 65% in most American mines, and with no obvious relation to the 
mining method). Wages for the same class of labor are naturally higher in remote dis¬ 
tricts, where supply of workmen is limited, living conditions are unfavorable, and food 
is expennve. 

Fair Labor Standards Act of 1938 (effective Oct 24, 1938) requires every emplosrer 
(with certain exceptions not related to mining) to pay each employee engaged in commerce, 
or in production of goods for commerce the following minimctm wages: during first year 
(« s, to Oct 24, 1939) not less than 25^ per hr: during next 6 yr, not less than 30(i per hr; 
after 7 yr (from Oct 24,1938) not less than dOf! per hr, unless a lower rate (not less than 30fi) 
is ordered by the Administrator after examination and report by one of his appoint^ 
Industry Committees. During first 7 yr, the Administrator may similarly order a mini¬ 
mum rate not exceeding 40)i, but such order will expire Oct 24, 1945. Employers (with 
some exceptions not related to mining) are forbidden to work an employee, who is engaged 
in commerce or in the production of goods for commerce, longer than the following haxi- 
MtTU BOUBS: 44 hr per week during first year (from Oct 24, 1938), 42 hr per week during 
second yr, 40 hr per week after the second year, unless such employee receives compensa¬ 
tion for weekly over-time at 50% increase above his normal rate. Regulation as to pay¬ 
ment for ovei>time does not apply in cases where collective bargains certified by N L R B 
provide a max of 1 000 hr during 26 consecutive weeks or 2 000 hr during 52 consecutive 
weeks; in such cases, over-time at 50% increase in rate starts at 12 hr in any workday or 
at 66 hr in any week. An order of the Administrator can bo reviewed in a U S circuit court 
of appeab within 60 days; findings of fact by Administrator, when supported by substan¬ 
tial evidence, ore conclusive. Court will not review an order unless it has previously been 
argued witii the Administrator. Initiation of court procedure does not stoy Administra¬ 
tor's order unless so stipulated by the court, upon filing of bond by complainant to cover 
wages in dispute. Administrator and his representatives have free access to plants and 
employees; all employers subject to the Act must keep such records, and submit such 
reports,BS Administrator may prescribe. 

“Commerce" in the above Act "means trade, commerce, transportation, transmission, or com- 
miinioatian. .. from any State (or U 8 possession) to any place outside thereof." The .4ot does not 
apjdy’to the Philippine Islands. The Wage and Hour Division has declined to pass on application 
of the Act to gold mines. Where it is customary to pay wages partly in form of board and lodging, 
these items «e to be figured at actual cost to employer. Piece-work, contracts, etc, are permitted 
so long as such earnings ore equivalent to those stipulated by the Act. The “ week" is 7 consecutive 
working days, but'may begin at any hour of any day; loss (or excess) of time in one week can not 
be appUed to a succeeding week in computing over-time; each week is a unit. Waiver of Qv«r-time 
pay by consent of emtrioyee does not excuse non-compliance with the Act. Time spent in attending 
meetings, lectures, etc, sponsored by employer, and related to emplosrec's work (such as first-aid, 
mins rescue, etc) was once ruled to te working time; wholly voluntary attendance at such meetings, 
after usual working boura, was later (July 10,1930) ruled to be not time worked. For current Infrir*, 
mation, Yulings, etc, on this Act, address U S Dept of Labor, Wage and Hour Div, Washington, D C. 
To hits 1939, no Industry Committee on mining had been appointed. 

Stnts wages a&d hours regnlatieiis. To late 1939. ho mining Stitte had a statute fixing 
imaicvK waqiGS (oxchptforfemoleBandmiaDiu). AetoMAxaoVBe (eame and other excefxv 
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tiona notrdated to roioii^), AIa. Cidtf> HI. Xod, lildr N J* N M« Ohio. Penn, W y«, ni^,Wja- 
faad no itatute. In Ariar/Colo. Idaho, Mont, Nev, Okie, Ore, Ujteh, and Wa&rS hr iele^ 
working day, exeept in oaeea of emergency invtdving life or property; Aria, N^> Waah 

permit a longer day for changing ahifta every 2 weeka; Md permita perabnk to contract for 
ahorter or longer houra, mid exempta those hired by the motUih from the ^4tr law. In MiC^ 
ftrtd Minn, le^ working day is 10 hr; latter State permita over-time, on pay. 

Federal nnempleyment compensation law (Title IX of Social Secnrity Act, uphdd hy 
8:4 decirion of Supreme Court, May 24, 1037) requires an, employer (with certain exc^ 
tiona not related to mining) who has S or more persons in his employ for some portion of 
each of at least 20 days during tlie taxable year, each day being in a different calendar 
week (not necessarily consecutive), to pay a tax (since 1038) of 3% of their total anntlal 
wages, ChredU up to 00% of this tax may be claimed as covering payments made to in^vid* 
ual States under their unemployment compensation statutes (see below), providedi 
payments are made prior to dates on which the Federal tax falls due. Employees pey 
no tax under the F^eral law, and receive no benefits directly therefrom; compensation 
payments all come through State organizations, who requisition the necessary funds from 
the Federal treasury (where they have previously been deposited) upon conforming to 
requirements impost hy the Nnt Boc Security Board. 

State unemployment compensation laws. All 48 of the States, and Alaska and Hawaii, 
have enacted statutes acceptable to the 'Federal authorities, providing for collection of 
taxes and payment of oomponsation. Beguiations vary (see Table 2) as to definition of 
a taxable employer, exemption of wages, rate of taxation, contributions by employees, 

Table 8. Data on State Unemployment Compensation Laws ^ (4) 


State 

EmpIoyeM 

of 

taxable 

employer 

Typo of fund 

Weekly benefit for total 
unemployment 

%of 

wages 

Max 

Min 

Alabama.... 

8 Co) 

mr after 1940 

50 

1 15 

None 

Arlsona..... 

3(W 

P; mr " 1940 

50 

15 

- $5 (Jfc) 

California.... 

4(b) 

Pj mr " 1940 

• • • • 

7-15 

• • a • 

Colorado.... 

8(b) 

P; mr " 1941 

50 

15 

5(ifc) 

Idaho. 

(c) 

P; no mr 

50 

J5 

. 5 (It) 

Illinois. 

8(b) 

P: mr after 1941 

50 

15 

S(*} 

Indiana. 

8(b) 

Era; mr after 1939 

4(1) 

15 

None 

Maryland.... 

4(«) 

P; no mr 

50 

15 

. >(*> 

Michigan... 

8(a) 

P; mr after Apr 1, 1942 

4(1) 

. 16 

7 

Minnesota... 

1 (b) 

P; mr after 1940 

50 

15. 

6(h) 

Missouri. 

S(b) 

P; mr •' 1941 

4(1) 

IS 

5 

Montana.... 

1 (b) 

P; no mr 

50 

15 

7(fc) 

Nevada. 

(d) 

Pj mr after 1941 

50 

15 

7(ifc) 

New Jersey... 

3(b) 

P; mr " I94l\ 

SO 

15 

5 

New Mexico.. 

(c) 

P; mr " 1941 

50 

15 

5(h) 

N Carolina... 

8(a) 

Era; mr after 1939 

50 

15 

5 (« . 

Ohio........ 

3(f) 

P; mr after 1941 

50 

15 

Nona 

Oklahoma.... 

8 (6) 

P; mr " 1940 

50 


8(h) 

Oregon. 

(ff) 

P; mr “ July 1, 1941 

50 

15 

7<h) . 

Pennsylvania. 

1 (b) 

P; no mr 

50 

1 

7.50 

8 Didiota.... 

8(b) 

P dt Era; mr after 1939 

50 

IS 

5(h). 

Utah. 

(b) 

Pj mr after 1940 

SO 

15 

7(h)* 

Virgitda. 

8(b) 

P; no mr 

50 

15 

3 

Washington.. 

8(a) 

P; no mr 

50 

15 

. 7(h> 

yr Virginia... 

8 (6) 

P; mr after 1940 

SO 

15 

5(h) 

Wisoo^n... 

8 (t) 

Era 

50 

15 

1 

Wyoming.,,. 

1 (WO") 

P; mr after 1941 

60 

16 

. 7(h), 

Alaska. 

8 (b) 

P; mr “ 1941 

50 

15 

' 5(h) 


* With important ominions, impracticable to tabulate, rcIaUng to; due datee for information 
returns and tax payments; exemptions of certain employers and smidoyees; parti^ exemptions 
of waxes; benefits for partial unemployment; waiting periods; duration and calculation pf benefits; 
eliribuity and disoualifioations for benefits. Full text of any statute can be secured from State' 
Capitol. F " pooled. £ra Employer's reser^’e account, mr — Merit rating system, (a) Within 
oaw of 20 weeks per year. (6) On any day within each of 20 weeka per yesr. ' (c) Any employei^ 
who pa^ wages ot $78 or more in any calendar quarter, (d) Any employer woo wijM 
$323^ot more In any ealendar quarter, (e) Any employer who paye $4S0 or more in any quatte;^ 
or 2 or more in each of 13 weeks per year. (/) At any one time within current year. 

(C> Employer of 4 or more on any day witmn calendar quarter ip which tobti PayrpU ie.Mw or 
^ore. ‘ (A) Any employing unit with wagM of $140 or more per calendar quarier. (t) In each of 
i3-w»^. ,0^ And whenpayrdSis |150prm<H«Jnaauarter. Or>/ 4 o{,wedriywagai^lf tUeis. 
lass than stated minimum. (I) Of quarterly wages. , . 
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mattD^ of aeeountias for funda. eligibility for beneSto, and tfa^ amounta. idbSi/itea 
'(axeopt XOdb) tin rate <1939} ia 2Jf% of the taxable payroll, whence (be wfadie State tax 
Vtay be daimed as credit against the 3% Federal tax. In Mich, the rate (1939) is 3% on 
only the first $3 000 of an employee's antuiaJ wages. Employees contribute (1%) only in 
•Ala, Calif, and N J (in latterState, only'on first $3 000). 

, Compensation funds may be treated in one ofQ ways; (a) Pooled fund ststem; oontributions 
are consolidated and benefits are paid to those eligible regardless of their employers; no persoa 
hM a Referred <daim; there is no provision for adjustment of tns rates. In its simple form, this 
system is now in force in but few States; most of those with pooled funds also provide for separate 
employer’^ aeeounts for purpose of merit ratings (see below). U>) F.ufihorstL ke6bbve ACCooMf; 
coiftributiona from each employer are separately accounted and can be used only for payment of 
benefits to his own discharged employees. In the few States using this aystom, a partial pool or 
balancing account is usually set up, from which benefit payments can he maintained if an employer's 
reserve should be temporarily exhausted, ( r ) Mkkit bitino avsTEu has bt-en adopted by many 
States (encouraged by Federal authorities) and nearly all of the others have it under consideration, 
By this plan, the tax rate of an individual employer is made proportional to his annual labor turn* 
over, as an incentive towards stability of employment. The plan reouirea keeping a separate 
account f^ each employer; when experience (usually for yearn) shows that his contributions 
substantiiuly exceed benefits to his discharged employees, his tax rate may be considerably dimin¬ 
ished or his' tax even abolished. In such cases, the Federal law nevertheless allows credit up to the 
full 00% of its 3% tax. In most States, the merit eating plans do not go into eiTect until 1041 or 
1942; tndr provisions, as also many other features of the unemployment compensation statutes, 
are too varied and complicated to permit abstracting here; the applicable laws of any particular 
State can be obtained from Unemployment Comjmnsation Board (or analogous body) at the State 
Capit'ol. 


2. SLIDING SCALES FOR WAGES 

Sliding scales aim to establish'parallelism between wages and price of product, where 
latter is variable, for mutual advantage of workman and operator. 

Examples. Tbi-btate field. W ages (varying slightly from mine to mine) are baaed on previous 
week's market price of zinc concentrate (C0% Zn). In 1029-32, base was 940 per short ton, wages 
increasing by 25^ per shift (contract mucking, by 1/24 per " can ’’) with each 95 rise in price 9 main¬ 
tained for 1 week; correeponding reduction with filing price to min of 940. CoxoB d'Alxnb 
USTBicT, Idaho. Wages vary with preceding month’s aver price of lead. In 1030, additions to 
base wages per shift at Hecla &. Star mine (5) were: Pb 5.5-64, 254 : 6-0.54, fi04: 6.5—74, 754: 
7-7.54,91; 7.5-84, 91.25. Wbstebn coppeb mimes. Wages at most of the large copper mines are 
graduated according to E & M Jour quotations on electrolytic copper delivered in Conn valley, 
and (in 1039) were increased in steps, usually of 5%, for each 1.54 rise in price. In most agreements, 
neither increases nor decreases become effective until expiration of 30 successive days from the 
'date wheit copper price first enters the specified range, nor unless aver price during that period 
remains at or above lower limit (at or below upper limit) of the specified range. At mines where 
BiLvxa constitutes chief value, agreements with Mine, Mill, and Smelter Workers (Art 10) base 
miner's wages (around $4.50 per day) on Govt price of 70-^4 per oz, and reduce them by 254 if 

f rice falls below 704; at prices above 894, wages are increased by 254 for each 104 rise in price. 

ame agreements provide that if price of oold varies by 91 per oz from that of Nov 1, 1937, both 
parties have guaranteed right to negotiate a new scale of wages. 

3. CONTRACT, OR “PIECE-RATE” SYSTEM 

Advantages rest on the psychological fact that most men work more efficiently for 
themselves than for an employer. The system in some form has been applied to almost 
every phase of mine operation. From standpoint of an operator, contract system tehds to 
promote spiced, redupe unit goats, and diminish expense of supervision; and a contractor 
generally obtains better returns with shorter working hours than a day laborer; adoption 
of aontraot orst^ has almost invariably proved mutually beneficial. Operator can eount 
wii^ certainty on ultimate cost of a given undertaking, while contractor is free to reap, 
tefsrard of his ener^ and skill. 

'' Drawbacks: (a) By creating aelas^ of workmen whose interests do not ^acl^y coincide 
with thoie of the c<hnpany, difficulty arises in enforcing standards of workmanship, and 
, rules for mfety. (6) Discontent may be caused by miaunderetanding terms of a coptract, 
or by rSudol of mana ger to renew a contract on terms which he feds are unduly lucrative 
to contractor. Dispute over accuracy in measurement of work performed are frequent, 
(d) ThetiWxHi ieaepert foremm sometimes fails to foresee changes in character of rewk or ore 
during term of contract. It has been proposed (47) to meet this by dalxfratC standardisa- 
tt«i of all operations affected by^nature of ore. Cost of such standardisation as dras pro¬ 
posed, m m ivacticed bt Nortb Butte mines (48), is too great for. any snudi company. 
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I7nc«rtemty is j^hahly bMt avoided by ehort4erm e<mtracte; Anaeoada Ck>’e,«topiiig^' 
contracts (49) are lor 1 week and may be terminated after 1 day by forenlBai or edateaotor. 
(d) In atojwg, incentive towards large production may reduce gnule of otitPttt, '"*xbltei 
Peeked by,)evidng affixed ofaarge for heating or milling oontraetOT’a dve, or by teluaing 
payment for volume broken outside of vein walls. ' ^ 

Applicability. For above reasons, contoac^g has been most successful in mq^lonng 
, imd developing mineral deposits, as boring, dnking, tunneling, and driving drifts, winaes,' 
and raises, and, in general, wherever nze of opening is constant, rock fairly unifmm, or 
character and amount of work readily measured and inspected. Many so-called “con* 
tracts’' guarantee a basic rate for a day’s work and hence are more correctly described 
(Art 4) .ar bonus systems. These, as well as straight contracts, have been inereasit^y 
adopted, in recent years, and for a largw variety of operations, including sloping and tram¬ 
ming: among 80 American mines described (2) to 1932, 32 conducted almost their entire 
operations on some contract or bonus system. The following examples are confined to 
straight contracts, wi^ no guarantee of earnings. 

Bnmples. Coal is almost always mined on oontraot, payment based on short tons of run-of- 
mins eoal delivered at tipple (Art 11); rates in the Appalachian area, 1037-39, were 08# per ton 
for pick mining, and 76# for loading; narrow work and room-turning is contracted per linear yard, 
to specified width, besides ton rates for the coal; ‘‘brushing” (taking up bottom or breaking down 
top slate to afford necessary head room) is contracted per lin yd per in of slate removed, for agreed 
width. MABQTTaTTB HANax, Mich. .\t one mine (6) entire production of iron ore is on contract, 
at 75#-81.60 per 4-ton car. Company provides a scraper outfit for each gang; also drilb and steel, 
air and electric power, and timber; miners pay for explosives, carbide, hand tools, and small aeo^ 
series, and do their own blasting and timbering. _ For mining methods, see Sec 10, Art 71. Thi-Btatb 
district. Hand loading of ore is usually on contract at prices varying with shoveling conditions; 
at CreatUne, Kas (14) in 1929, price was 10.5# per can of 0.6 ton; at Barr mine (18) in 1029, hand 
loading into mrs (unusual practice in district), price was 38-41.5# per 1.5-ton car. Aver duty of 
hand loader is about 25 tons per 8 hr. Mascot mins, Tenn (22), contracts nearly all of its under¬ 
ground work (Seo 10, Art 37). Mill-hole contractor breaks and delivers ore into ears at a fixed 
price per ton, supplying labor and explosives. Chute pullers sub-contract to draw their orb into 
can at fixed price per ton. Contractor usually aUows his men r^ular company wages (he may 
increase' them); Company pays his men directly, charging their wages to him. Company settles 
with oontraotor every week, holding back 30% of his earnings until a definite amount has accumu¬ 
lated, payable at termination of contract. El Porosf mine, Chihuahua, Mex (24), employing about 
500 men underground in 1934, lets nearly all of its underground work to contractors. Payments 
for sloping ore based on number of car- or skip-loads; for development, on advance or volume 
excavated. Unit prices are adjusted to location and sixe of opening, character of formation, tram¬ 
ming method (hand or motor), accessibility, and other variable conditions. Contracts are measured 
twice a month. Company pays contractor's men legal wages, charging them to him, along with 
explorives and carbide. Contractor basses his own crews and thereby oaves the company con- 
sidmble supervision. For mining method, see Seo 10, Art 37. ^ 

Contract prices, for similar work, vary as widely as actual costa; hence not instructive 
to eniunerate them here. For costa, see sections relating to the several operationa; in 
general, a contractor should be allowed a profit of at least 20% above actual cost, this being 
offset by benefits accruing to company by reason of greater speed. Contractor should 
usually be required to furnish his own blasting and other supplies; arrangeanents as to 
supply of powder, use of machines, tramming facilities, sharpening of drills, bits, repairs, 
etc, are settled by individual preference. 

4. BONUS, OR PREMIUM, SYSTEM 

’’ XaWe of bonus system. From operator’s standpoint, two chief drawbacks ordinary 
contract system are: difficulty in maintaining standards of mining, and the fact that don- 
tractor reaps practically the whole benefit of reduced cost of operation. Bonus system 
oonssts in setting a minimum daily or monthly task (or a minimum wages rate baaed.ott 
aver performance); work performed (or wages earned) in excess of the minimum kl then 
pmd for at an additional rate, so computed that the employer shares tiie Mving in operatii^ 
cost, besides profiting from more rapid work. For comparison of several bonus aystends, 

'BiWog (3). Following examples include several inaoourately described sf “ aontraett.” 

SE-Htesoaiiin 1929. At one mine (25) BAND-LOAtnNO was paid on “eontraOt'Viatl for. 
21 tone, 85.55 for 22 tone, 28# (or each additional ton. Same, on eomtfiuiy work: 85 for 18'^Oiif,. 
84.50 for anytfaitig lees than 18 tons provided ahift-boea certified valid renaoa. Powxm-MiOvaL 
opgaATon'; 8# per ton, but if hie earnings exceeded 860 pa week, he'rhccived only half df the egwee.. 
drops cONtUAcrroa was guaranteed 45.05 per shift, but usually earned mere on a’tonnage bask, 
graduated te height of atope: 8 ft high or loss, 14# per ton broken'; 8-20 ft Idgh, 13# per tohj over 
yfiX idgh, 104# per ton; prioea were reduced by 1# psr ton if ore was loadedby naohinrinataid<fll 
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lor bud; it opatTMtor's Mrntngi wwMded 460 pe» wMk, lie raeoivad l/S ot vxam^ At Mtpthajr 9 iiM‘ 
(M) di)9r> vacaa wara ciMrantaad., Paymant for aronira was on imsia of toaa broksu, nnisiw^ by 
nambar qf 2^tqn oars loa4ad, and variad with h^ght of irtopa; tow ora, }6-]t80 par toii;„,|nadiam* 

• high ore, 12-14#; high pro, 8# par ton. Coltraetora fumiahad only labor and eaplosivw (Brnd thepi 
^y oompany at lafei than cost) and earriad their own ataal. HaHD>BrtovBLKBa ordinarily Iqadad 
20 ions for a dpy's pay, with bonus for each additional ton; task aaight bo reduoad to 11-16 tons for 
a tong tram or soattarad ora. For mining method, see Seo 10, Art 31. 

Magma mlng (43). la 1028, 60-^3% of all undargroipid work was on "contract," with day’s 
wages guarantee*, prices sat by foreman and improved by supt and gen mgr. Prices per ft for 
nnvxuwusNT by drifts and moasouts varied with size and other features of opening: price for 
raises increased with each 50 ft above level; uniform price per eat for drift timbers. Payment jfor 
Bfonwo, on basis of volume excavated, varied with mining method (Seo 10, Art 87). Measurementa 
arara made twice a month; earnings computed by supt and auditor. Contractor received allowanoe 
above wagea for his supervising. Excess earnings on a "contract" were divided among all engaged, 
on basis (only) of shifts worked. 

Champion mtna (52). Stohno at this mine involves careful sorting (See 10, Art 63) which the 
bonus eyetem it designed to encourage. A miner and 1 or 2 pickers do whole work in a slope, and 
distribute thrir bonus in proportion to shifts worked. Monthly measurements give total volume* 
broken, and car count gives tonnage of sorted ore hoisted from each slope. Bonus bass is subject 
to 3 vaiiationa: (a) it is higher fur wider slopes; (6) lower for a larger proportion of waste rock 
handled; (c) allowance of free explosive increases with width of stops. 

AlasIN Juneau (53). In 192^ about 75% of all underground labor waa on "contract’* with 
base wages assured. Esbxntial fbatubxb of system, developed by experience: (a) division of 
bonus among all workem concerned in a given contract on basia (only) of Bhifts worked; (6) oloae 
auper^aion and prompt adjustment of pricee to changed conditions; (c) judicious selection of 
oontraoton; (d) withholding small part of contractor's earnings, to be forfeited for poor work or 
drawn upon to maintain standard day's wages if earnings diminish; (r' furnishing good equipment 
and am^e supply of steel and comp air; (/) fixed price for explosives, regardless of mkrket; 

' (<) combining 2 or more working places under same contract, to promote efficiency. Written 
DXVXLOPMKNT coNTBArT was let to successful bidder at set price per ft depending mainly on size 
of opening; rock conditions were usually known in advance and no timbering was necessary. 
Contractor paid for direct labor (including liability insurance @ 3% of total wages, including his 
own) and for explosives; these 2 items usually amounted to about 60% of total coet to company. 
Contractor’s earnings were maintained at minimum of 46 per day by advances (when necessary) 
from future earnings; when his earnings exceeded 411 per day, surplus was divided among his men 
and Ifimself in proportion (only) to shifts worked. Contract rates for BuuDoziNfl, loaoihu, and' 
RAUUSia were adjusted at short intervals with reference to season, weather, character of ore 
(chunky or elabby), condition of the atope (Sec 10, Art 68) or other factors affecting the handling 
of ore. At end of every month, contract waa credited at set price (aver 14# in 1928) per ton trammed 
out; exploeivea and direct labor, including contractor and timberman (at company base rates), 
were deducted; balance, if any, waa "divided among contractor's entire crew, in proportion to a 
certain maximum bonus rate per shift." Any further surplus was divided equally, per shift, aniong 
all in the mine, including company men, provided a man had worked 26 shifts in the month. 
If incapacitated by aoddent, be received a share of bonus proportional to the time he did work. 
A man quitting within the month was paid at company’s base rate only. Tramminu was a sub¬ 
contract, charged to the stops contractor; trainmen received a bonus of 50# per shift (above their 
base rata) whenever the atope contractor earned a bonus. 

Britannia Mining A Smelting Co (54) in 1035 employed a true bonus system based on fixed 
standmda of work; rates for ezoesa work were so adjusted that workers and company shored equally 
in savings of cost. Standards, and any alterations due to changed conditions, were posted in 
advance; a considerable staff of bonus engineers was required. System proved disappointing whea. 
applied to caving into branched raises or to large shrinkage stopes, because the bonus had to be 
divided among so large a jp'oup that each man’s share gave little incentive for increased 'effort. 
Method was satisfactory for: (a) all development work, on baaie of standard footage; such work 
waa sometimes let on straight contract; (b) square-set etoping, on basis of tonnage broken, as 
meaeured by count of new sets; (e) cut-and-filled rill stopes, on basis of surveys; (d) narrow 
shrinkage stopes, based on area of new footwall exposed, regardless of width so long as the whole 
vein crntld be broken by the same number of holes; («) back-filling, based on measured volume. 
ProvijieiLtbe standards were correctly set, there was not much difference in cost (to the company) 
of a givpn work on bonus or on straight contract; latter system was preferred where speed was 
easential, eince a contractor’! profit may increase more rapidly than the earnings of a bonus worker. 

Ifstahsaibre, Cuba (55). In 1929, all underground work (See 10, Art 62) woe on "eontraet," 
with day’s wages guarantee. Stopb contractors (usually 2 in a stops, on opposite shifts) were 
paid a fixed price for all work done, itemized separately under ears of ore drawn from chute, sorting, 
epreading fiU, timbering and lagging, and were charged for explosives, carbide, and time of their 
men, who were paid id fixed rates directly by the company: also for coibpany men’s time letting 
chtttM.. Contraetor’s, men trammed timbers and all other materials from shaft stations. A eon- 
tractW was idlowed a small in^.Tease in day's pay for his supervising, but his earnings above that rat* 
w^ ^vided among hie men on basis (only) of shifts workki. 

injhiei Teqn (22) in 1930 applied a bonus system to men employed in TBaNSPOwr (for 
eontraet etoi^bg, tee Art 3). Motor- and car-men, skip tendsiravsnd faslpers, sbsrsd a boans based 
'(tii<wr4l^.4oiinsge; ^y-sMft foremoa shared s monthly bonus on production of sine coaneatrste; 
boafiafdr ai^Vehift fiKoman (ocenpied midnly with ohute-puUing and shoveUng) was based cm 
WM‘AMB«4»'h«ii4ted.' 
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HorMdt Aril C&l). In IftSS, 73% of all ubdbi'Broa&d wMrk ww cm or boaoi* 

•taadsrd day't '•nupm Mag guu»«Ned ia both omm. " CotmtAcr'* lyitom, at ataadardUaodjfaiooi, 
WM appUod "mainly to devalopmont« but inoludod drift Umbaiii^, tiraek laying, d^toking. undw- 
euttlng and shrinking in stopm (Sec 10, Art 80), and salvaging of mateHals. RatM wwe seldom 
oiiai«6d,«nd then only (on authority pf supt) before a contract was let. Work was measured twice* 
a month and esrningi were eoiuputed by engineers. Karnings might be divided in ,i ways, at ^s^ 
oretion of /oreman; (o) equally to all workmen concerned in contract; (b) respective day's‘Vages 
to all cohcerned, plus equal share of surplus; (c) respective'day’s wages, plus awhare of suiidos 
propmtional to day's rate; (e) straight payment to each man for his individual work, depesAidt 
upon Its nature. Bonos system was applied to workers ia stopes and on transport. “Base cost 
per ton” was aver day's earnings (bas^ on past records) for each type of work, divided by aver 
tonnage bandied per day. Base for each working place was subject to adjustmont at beginning hf 
a pay period. Bonus was half of excess earnings above the baae. Shift-bosaea did not share lA, 
production bonus, but were rewarded for 1 000 man-ehifta without accident. 

United Verde underground mine (57) in 1931 employed “contract” and bonus systems almost 
idsnticiU with those at Morenci, requiring a etuS of 8 engineers and a clerk to set standards and 
, compute earnings. 


6. COOPERATIVE SYSTEMS 

Zlivlgion of profits is sometimes arranged by permitting employees to buy shwres in the 
eompApy, their employer; additional incentive to participate in such syrstom may be 
offered in form of a discount from market price of shares, a guaranteed annual bonus, or 
an installment plan of purchase. U S Steel CoBPoa.vTiON, in 1903, instituted a plan by - 
which common shares were offered to all employees upon easy terms, with benefits beyond 
those enjoyed by ordinary stockholders. Price of stock was the market price, or usuaUy 
a htue less. This plan was discontinued in 1929, at the precipitous fall in stock prices. 
For details of its provisions, see Edn 2, p 1630. 

Ob the Comstock Lode, in 1908, certain companies divided 10% of the net value of ore produced 
each month, in excess of V.50 000, among all employ es, in proportion to their wages. Another com¬ 
pany made similar division of alt its net proceeds (7). 

At SB ImUtBS coal mine, a legal corporation of miners was organized, to which the owner leased 
.his property for a test period of 1 yr under restrictions aiming to maintain safety of mine. Owner's 
royalty, per ton, and 0.25 of net profits. The arrangement resulted in increased earqjngii by 
miners, and steadier output during diill season (8). , 

6. LEASING, OR TRIBUTE, SYSTEM 

Mlslng lease, as term is used in U S, is a simple contract by which tibe lessor (mine 
otyher) grants to lessee (“leaser,” or "tributor”), under certain conditions, the exclusive 
right to do a certain piece of work, for which the lessee agrees to accept payment in form 
of a pToportion of net returns. Unlike an ordinary contractor, lessee thus ^ares risk as well 
as flrofit (R. W. Raymond, Traru AIMS, Vol 21 , p 916) . A clause called bond and lease 
is sometimes included, by which owner promises to sell his mine and deliver a' valid dead 
&erefor to lessee for a stipulated price at any time before termination of lease. 

Leases may be granted for exploring and developing newly discovered ore deposits, as at Gold¬ 
field (0); to reopen a seemingly exhausted'mine, as at Aspen and Eureka (10); or during the height 
of a mine’s prosperity, as at Leadviile, Cripple Creek, and other Colorado camps (11). In latt^ 
oaaev advantages of leasing are most pronounced when the deposit exists in form of striugms of 
pt^ets of high-grade ore. Many such mines return large profits under leasing system, while unsUe 
to operate profitably on their own account, for reasons stated below. 

Advantages of leasing system, from owner’s point of view, are: (A) Development 
accomplished at smali cost, since lessees are usually willing to take a risk ia performing 
dead work which a cautious mine manager might shun. (B) When developed, ore iitpr^ 

■ diioedf wi^ small working capital. (C) Profits to owner are absolutelsf neti^ since lessee 
usually pays for power, pumping, and hoisting, Iresides his own working expenses. 0) Less 
Ol'b is iost during mining, tramming, and sorting, whether by carelessness or by stealing. 
(Ml) Mine is not liable for lien. (F) Lessee is responsible for damage to mine and for acoi-' 
dents t6 workmen. (G) Slight supervision required. itYom viewpoint of lessee, advan- 
talteg are; .(cQ ,, 1-1 o'frequently has keener perception of ore occurremre in the partietdar 
. even a skilful foreman can acquire, (company miners sometimes ddiberately 

‘ cUnb^^ioformation letvding to discovery of nev pockets). (6) No heavy.initial dfitlti^' 
ragu^^ fhr machinery or expensive development, (e) No expense fpr qffide force, hdiek-' 
fiat# inauranee (of property), apd otlier oustomary fixed ebarges. (d) By panaM, 
supervision, loss of time and waste of explosives and supplies are rgqUeed, heikenif 
'4|9#ixiing 'eheaper mininjg than an owner cs^ uc^all^ attain on hiaown Beenuni. Eydn' 
adverse conditions, a leaser’s returns are uswlly larger' than o^linarir 'dny!s wagds 





■LBA^INa, OB TBIBUTB, SYS^TEM 

(«■»{■ ^kt and proper oimaidering kia McWa diligence and aldli); e^eeaaiTa dfaad a^ork ia 
i^minetijinas oomi^nBated by an allowance for “footage" (say, $2 per ft), car l^ir ak^polation 
(d ataller royalty. , , . ' 

Royalty rate, n utually based on a sliding scale ^ich varies witk gross value of ore, 
while its ansount is computed on net returns from smelter or reduction works, after deduct¬ 
ing haulage, frei^t, and treatment charges (sometimes also sampling and as^ying fees). 
Shipments are ordinarily made in name of mine owner, who first deducts his royalty, then 
his charges (ihany) against lessee for supplies or services rendered; balance going to lessee. 

At Goldlield, during first stages, royalty rate was 26% on ore over |50 per ton, and 20% on lest 
yalnable ore. .it one Colo mine (12) rate was numerically equal to l/s value of ore; 951 ore, 17%; 
1160 ore, 50%: special provisions for V!(X) ore. At a mine in Gilpin county, Colo (13), royalty was 
33 to 73%, if drift had already been run under leased block; 23 to 33%, if drift had to be run by 
lessee At Leadville; under $10,10%; $10to $15,13%; $15 to$20,20%; over $20, 25%. Tabled 
gives royalties in recent leases at Cripple Creek, Colo, and Oatman, Atix. For mathematieal 
discussion of a rational basis for levying royalties, see (15). 

Table 3. Examples of Lease Royalty 


Cripple Creek, Colo 

1935 (58) 

Tom Heed, Oat'.nan, Ariz 
1934 (50) 

Pioneer, Oatman, Aris 
1935 (50) 

Cra Value 

r.oyalty, % 

Ore Value 

Iloyalty, % 

Ore Value 

Iloyalty, % 

To $15 

10 

To $10 

5 

To $15 

10 

$15-20 

IS 

$10-12 

6 

$15-25 

15 


20 

12-15 

9 

25-40 

20 


,25 

i5-:o 

15 

40-50 

25 

-55-100 

30 

20-25 

20 

50-60 

30 

$100 + 

35 

25-30 

25 

60-70 

35 



30-35 

30 

70-80 

40 



35-40 

35 

80-90 

45 



40-45 

40 

$90 + 

50 



45-50 

45 





$50 + 

53 




Other covenants of s mining lease. A lessee can void his contract at any time without 
penalty, while a lessor has no means of ousting a lessee if the latter fulfils the letter of the 
contract. For this reason, and because most lessees are not financially strong, it is particu¬ 
larly important that min i n g leases be carefully di'aau, and clearly understood. 

Two covenants most likely to cause trouble are: '(a) Wliat constitutes ABANDOimairr and 
roaraiTUBB? Usual stipulation is for a luiniiiiuui number of days' work (200 man-shifts per 00 days, 
at Cripple Creek; 00 shuts per mo, at Gold eld), or a minimum amount of new development (300 ft 
per y, at Leadville). Forfeiture results from violation of any covenant of contract (not attributable 
to casualties, strikes, or litigation) and owner may thereupon resume possession without formality 
of a lawsuit. (’.) Ownership of plant erected by lessee and disposal of ohb-dwmpb remaining on 
property at expiration or forfeiture of lease. .\t Ooldneld, all improvements underground, and alt 
broken ore not hoisted before expiration of lease, become sole property of mine owner. At Crippla 
Creek, all structures and dumps remain property of mine owner, but lessee must remove hia machin¬ 
ery within CO days. It is advisable to include a definite stipulation os to the length of time, after 
termination of lease, within which owner must market ore on dumps, or beyond which the lessee'a 
equity in that ore shall cease; neglect of this provision has been a fruitful source of lawsuits. Addi¬ 
tional stipulotioiu), not already mentioned, relate to.* (c) Exact l>oundarie8 of leased block, 
(d) pate of expiration of lease, (e) Work to be done "mioe-fashion’' to yield maximum output 
srith due regard to development of orebody and safety of both miners and workings. (/) Adequate 
timbering to be placed and maintained, (g) Minimum dimensions of opeiiings:_ shafts Commowy 
4 by 8 ft, and drifts 3.5 by 6.5 ft clear. (A) No underhand stoping; no stoping within 10 ft of shaft; 
no levels withiii 50 ft of one another. (») Worldngs to be kept clear of ore, rock, ru^Mb, and watw. 
(j) Owner or bis agents to be admitted to mine at any time for any purpose, (k) Bms incited by 
laiBM to be*aettled promptly, and vouchers to be shown to lessor on demand. (1) No subdeaaing 
without owner's consent. For verbiage of typical Colo leases, see (16). 

Legsliig; gt Cripple Creek (58). In 1936, probably 75% of all mining in the diefaict wa* 
hoitm dfin A by Iwum ra. Success of the practice re<iuire8 continuous and strict supervision 
by pwner; where this has been relaxed, results hat^e often been highly unsatisfaot^. 
Ob stnuffht InsBSt T<^aItieB ha-v© boc& fairly unifonn at th© rates sho'v^’u in. TeU© 3e 

vith^mEHEKars End auperintendeiits on th© gTOund$ freQuentiy adopt w© 
•$«$ci«g^ck. eyiteipi. At the Cbtoson Mm*, such leases tun for 1 yr, but are teraun^e 
nt o wHfiw t ftf Ownmr retains full authority over safety and sanitation tanune, 

of pUto, eto. Leaser smat trerk minimum of 50 man-shifts per month. 




















^^10 WAG^ WMJ'ABS* 

Lam bloelniuv wildly 9H)0 ft wnMHtyitiui 1 Wvd (iMUaily 100 ft) Ugh; Owm iniiwliw 
uMBt (axwpt ctriUa)» oomp ur, exi^cMi'm Biid dl other mppuaa»‘Mid provldw honttne atrviwt birt 
ehargea VM P«r ton for inatpott of f hippiix ore, da aerial tram and loading into RH LeiUMir 
aiipplka labw of miners, trammers, sorters, and pajdi their oompensation insun^ooe^ Net 
returns, after freighi and treatment, are divided equally, but leaser contributes 1% of grosi value 
of shipment gs his share of taxes. Owsmt of a large property sometimas lets a straight royalty lease 
(at rates usually lotfer than those in Table 3) to a leasing company, which may then iub-liue to 
individuals on the split-check system. 

H 

7. METHODS OF PAYING WAGES 

laterral between pay-deye. Mommr pay-days reduce amount of cimeal labor in 
preparatioh of payroll, but often work hardslUp on individual minors; this Mrangement is 
commonest at minw which are remote from head office, and from banking facilities. Bi- 
MONTnnv pay-days are the rule in antliracite district, and are common elsewhere; involve 
more clerical labor, but are generally considered more equitable by the miners. WaaKLY 
.pay-days are feasible only with companies having large clerical force, and where there are 
ample banking facilities. Pay-day intervals are fixed by statute (with .penalty for viola¬ 
tion) in all mining States except Idaho* Wash, and in the Philippines (60) ; legality has 
often'been disput^, but gener^y upheld though for varying reasons. Law in Ala applies 
only to public-service, and that of S Dak and W Va only to RR employees. Semi-monthly 
pay-days prevail in most mining States; N J prescribes 2 weeks; Minn, 15 days for public- 
service and transitory labor (no other regulation). Weekly payment is required in Puerto 
Rioo, and (if request^) in Ind. Alaska and Ore permit monthly pay-days; also Utah, to 
employees on annual salary (semi-monthly to others). Wyo and Nev allow departure from 
semi-monthly rule in contracts. Legal lapse between end of pay period and pay-day varies 
troin 5 days in Mont to 10 days in Ind, N M, and Utah, 12 days in N J, 15 daya'in Md, 
Midi, Nev, Ohio, and 18 days in Ill. Mo requires 30-day notice of any proposed reduction 
in wages. 

Wagn are paid: (a) By check. Thic ia often preferred by operators, as it avoids necessity for 
filling out individual receipts; objection of miners is that cashing checks requires opening of a bank 
amount or visit to store or saloon, sometimee involving a discount; method not recommended for 
rmote districts, and is specifically prohibited by iawa of Arii, Cal, Colo, III, Ind, Md, Nev, N J, 
N M, Okla, Ore, Utah, Wash, unless checks are payable in cash, at sight, without discount. Nev 
priAibits payment of wages in saloons. (6) In currency. This is preferred by miners, and the only 
serious disadvantage to operator is the risk of theft of cash during transit from office or bank. 
(e> In ordws on company store. In an isolated locality, able to support only one store, and when 
this belongs to mining company, payment of part of wages in this fordl may not be objectionable; 
elsewhere, the plan is liable to abuse by company, and may lead to serious discontent among miners; 
it has been abandoned in the anthracite field, after long proteet from the organised workers. Com¬ 
pany scrip is debarred by law in Aris and Colo; permitted (at option of employee) in Ill, Mich, N J, 
N M, Ohio, and W Va, provided it is redeemable at sight in cash at face value; Wia places no restric¬ 
tions on methods of paying wages. Compubory buying at Company stores is prohibited in Aris, 
Idaho, N M, and W Va. 


Time-bookn, payroUe, etc. Where day’s wages are iu force, each foreman has b , 
TiMEi-BOOK, in which to record the number of hours worked per day by each man under hie 
Qbgrge. S^e, time-^book systems am so arranged that the foreman can distribute time of 
eadi workman according to nature of his employment, for purposes of cost accounting, but 
it is unwise to demand too much clerical work from mine foremen. Every day, or once a- 
week, entries «re tianafen-ed to a time-book in office, where a distribution to different work-: 
ing-aocounts can be made. At required periods, fayboli, is compiled frotn office time-' 
book, setting opposite each name the to^ hours (shifts, or dajm) worked, rate per hr 
(which may be different for different kinds of work by same individual), and total wfi^ies 
eafnod. In contract work, amounts due ai'e computed from returns of surveyors, forooen, 
weighmern, etc. Deductioks, comprising all charges of company against each man, such 
pi store supplies, rent, board, ca^ advanced, contribution to hospital and dpctw's or, 
t>«ai^t nimls, wages of check-weighman, and Union dues (in some cases), are compiled from 
fifopriate'sourcea and entered. A copy of this payroll, showing total amount in cash' 
^lor following pay-day. as well as amounts crated to the several accounts, to 
' etiems, is sent to main office, which then sends required amount to mine office. 

St best orgwised mines, an individu^ is delivered to oseh ttiihil,' 

; affimint earned, itemised deductions, and net Wages coming to Jtdm. These stated 
^ ttlflqtts ate preferably distributed a few da>’8 before pay-day, to g^i^poitemity'forawctt^ ■ 
iM teistakw and for dividing proceeds betwem parted, ia case oi a edntmtet. Vbr dstiiM 
jwiUiialaboirate pt^reU system at Britazuu'a Beach, B G, making extem^ve use td 
i||)^dS^'devqces, seeBib(6I>: for aoeouxittngofiia^rolieingedsral, Bib (17). . 




ACCIDENT OOSfPE^SA'nON AND INSURANCE 22-11 

Anthrkeite ureeniMiti (Art 11) requir« a eontraetor to notify eompany aa to the amount dua 
to each of hia laborera, so that they can obtain tbdr wagw direct from paymaat«. If wacea are 
paid in eaab. it ia eimvenient to have a coupon at bottom of atatement, which can be aif nod and 
deUvered to paymaater, aa receipt for wacea. 


8. ACCIDEMT COMPENSATION AND INSURANCE 

DoTelopment and putpota. Under the common liAW, an employer, when aued for 
damacea by an employee injured in hia service, was allowed to plead the defenses of contrib¬ 
utory negligence, negligence of fellow-servant, and assumption of risk by employee. 
Emflotebs’ uabiuiy laws abolished or modified the defenses of fellow-servant and 
assumption of risk, but an injured employee was still under burden of proving pereonal 
n^igence on part of someone as proximate cause of his injury. An injured employee was 
thus under necessity of incurring both expense of law-suit and enmity of hia employer; 
an employer, on other hand, was liable to be held for excessive damages, based’ on mere 
conjecture of a sympathetic jury, or must insure his liability at a high premium, the rate 
of which was commonly based upon the worst rather than on the b^t or the average 
conditions surrounding the employer’s particular line of industry. CoMPENSATtoN laws 
seek to diminish injustice to both parties by: (a) making obligation to pay damages 
. independent of fault (except criminal or wilful negligence of injured employee); (b) making 
m«iBure of comi)enBation automatic and predetermined (based on aver weekly earnings); 
(c) permitting employer to insure his compensation liability at more equitable rates. 

. Such laws are in force in all mining States, usually under jurisdiction of a special Compen¬ 
sation Board; in Ala, Alaska, N M, Tenn, and Wyo, law is administered by county or 
State (murts. Decisions of a Board are usually final as to facts, but may be appealed to 
courts on questions of law. 

Oeaersl character of compensstioa laws. Dibbct, or simple, oompenaation law places obliga¬ 
tion for indemnity immediately upon pereon in whoee employment an injury oecure. Indibbct, 
or State Insurance, law requires employer to pay an annual tax graded acoording to nature of hk 
businees and proportional to bis payroll; an injured workman is then indemnified out of this fund 
by State officials. Compolsory compensation law placee absolute obligation on employer, either 
to pay direct Indemnity or to contribute to State fund. Elbctivb law permits employer to (ffiooae 
whether to abide by State compensation provisions, or to operate under a liability statute which 
deprives him of all three common-law defenses; employees ore similarly required to state their 
choice; except in Mich, Mont, Nev, and W Va, election is preaumed (ae to both employer and 
employee) iu absence of positive rejection. Purpose of elective system is to circumvent the usual 
constitutional provision against the deprivation of proi>erty without due proeese of law, which the 
N Y Court of Appeals has held to be an inherent defect in any compulsory compensation statute. 

Nature of injuries. Existing compensation statutes have adopt^ practically a uniform wording: 
"all personal injuries from accidents arising out of and in course of employment, unless due tO' 
intoxication or to wilful or intentional misconduct.’’ Necessity of proving responsibility for acci¬ 
dent, and degree of fault, is thereby eliminated, except in oaeo of intoxication and wilful misconduct, 
different forms of latter sometimee being expressly indicated by statute. 

Amount of compensation. There is wide diversity in statutory provisions on this subject; 
common aim is to make amount of compensation, in any case, mathematically determinable. 
In almost all States, payments are calculated on a variable percentage ( 602 / 3 % k frequent upper 
limit) of previous aver weekly wages, payable over a limited period of weeks; max (frequently 
$16-120) and minimum (commonly $5-$S, or actual wages if below stated minimum) weekly ratee 
are usually stipulated. Maximum total payments under 4 conditions are given in Table 4; details 
impracticable to tabulate can be secured from approiiriate State authorities. • 

lasuraace of compensation liability. In all mining States except Alaska, onployers 
are required to insure their liability, and in all but Nev, Ore, Puerto Rico, Wash, and Wyo, 
they are permitted to choose method of insurance. Iu the most liberal statutes 4 methods 
are allowed: (a) Self-insurance, on satisfactory proof of solvency, (b) Mutual companies, 
(e) Regularly organized stock liability-msuremce concerns, (d) Organization adminis¬ 
tered by State. In any case, an injured employee usually has direct claim against insurer, 
for an amount which in no case may be less than that stipulated in compensation act. 
An indirect benefit of scientifically applied insurance is the influence that it ex^ts in pro¬ 
moting safety of workmen, since an employer’s premium will properly be in direct propor- 
lium to accident rate at his works. 

Status as of July 1,’ IMS' (62) . Among numerous recent changes, most frequent has 
been provision of comperisation for occupational diseases, now compensable in 27 States 
,(lSon Jan 1,1936); some statutes enumerate specific diseases; others provide for disability 
resulting from occupational disease: a few States make ".injury ’’ from occupational dis¬ 
ease synonymous with "accident’’ and hence compensable. Many compeneation statutes 
iarlodis mfe^ relations and provide for their enforcement; most of the important miniiig 
Staten oceomplitih this purpose through Other channels. 






(a) Employer of fewer then stated numbmr ie exempt, (b) If dlaability lute for etated nnmbie 
at weeke. eompenaation is retroactive to date at aocident, (e) These payments are mtueima ailow- 
abte: jlor graduated scales, consult compensation board of particular State w county courts la 
Ala,f4Haaka, La, N M, Tenn, Wyo). (d) Employer forfeits common*law defenses on neglect or 
law of insurance, (e) Election iweaumed (as to both employer and emidoyee) in absence of « 
potitlve rejeotion. if) No suits permitted after employ and employee have ace^tted comp act. 
W As to ei^oyers. (A) No security required, but if a beneficiary files notice of deatii etaiu, ■ 
employer ssay deposit #9 000 with court or give bond for that amount; in othw cases, claimant 
Si entHled to writ of attachment,* unless employer filee undertaking for double the amt sued for. 
(d As to pubUc employees and hasardous occupations only U) Conmi^oiy as topuldloemidoyeea 
Mid ooid mining. (Jb) #18.46 per wk during widowhood, or speoifled minority age of chilwen. 
CD #w per mo for widow, idus #8 per mo for each depenimt ehild, during widowhood or speeifiod 
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la moflt Btatea, both >«lf*inauranM and intttraaee In prfTnte eonpanies are perni!U«d; only 
Ore. Puerto Rioo, Waab. and Wyo eompel iMuranee exclusively in a State fund; Ohio and W Va 
maintain such eucluaive funda. but permit aelf-i&auranee in oertain eaeas. Some States maintain 
inauranee funda <mmpeting with private eompamce, and permit employers to ohooee. Data on them 
and other proviaions in the oompenaation statutes of (only) the important nuning States are com¬ 
piled in Table 4. About 2/g of the Sthtes allow compensation for accidents occurring outside of the 
State, provided the employee was hired within it, or ia a resident of it, or his employer’s place of 
buriness is witfiin the State; courts of other States have often ruled similarly, in absence id statutory 
proviaions. Utah affords aame protection to an employee (c^ a Co in Utah) even though hired el^ 
where. Where both parties have accepted an elective compensation act, suite for damages are 
usually forbidden. If hia employer has accepted, an employee who has rejected may bring suit, 
but employer retains bis common-law defenses. In a large majority of the States, an employer 
who faila to secure hie liability, to provide insurance, or to pay premium when due. may be aurri 
for damages and forfeits hia common-law defenses. 

Total amount of compensation in a given case depends upon: (a) the weekly rate, 
usually a percentage of normal wages; (b) period over which payments are made: (c) in 
most States, a fixed max weekly or total payment (minimum rates are also usiially stipu¬ 
lated). These factors are vaiiable, according to nature of the injury: (1) death; (2) perma¬ 
nent total; (3) permanent partial; (4) temporary total; (6) temporary partial disability. 
“Permanent partial disability ’’ is variously interpreted: sometimes by specific descrip¬ 
tion, sometimes by reference to lost earning power. In general, permanent total disability 
is treated as a more serious loss than death. No State (except Ore) pays compensation for 
the first few (most commonly 7) days after a disabling accident, but if disability lasts 
longer than a specified time, payments in many States become retroactive to date of acci¬ 
dent. “Skcono injury" compensation receives special provision in all mining States 
(except Alaska, Philippines, and Puerto Bico^. When an employee, already partially dis¬ 
abled and receiving appropriate compensation, is injured a second time and becomes 
eligible for increased compensation, his then employer is responsible only for the incre¬ 
ment, the difference being paid out of “second-injury" fund, which ia maintained (among 
the mining States) in Idaho, Ill, Minn, N J, N C, Ohio, Penn, Utah, Wis; a convenient 
source of such funds is the compensations awarded in fatal cases where no one proves 
legally entitled to receive them. All States require medical aid to be fumished,an injured 
employee, free in nearly all States; in Alaska, an employer may deduct $2.50 per mo from 
wages, for medical fund; in Axis and Nev, l/g the cost (but not over $1 per' mo) may be 
deducted; in Wash, workman pays f /2 cost. In 16 States, there is no limit on time or 
amount of medical care, 12 States limit amount but not time, 12 limit time but not amount, 
and 13 limit both (Table 4). In many States with statutory limits, courts or Compensa- 
tioh Boards have discretionary powers to extend them. 

No compensation act diseriminatee between U S citixene and resident aliens, but 38 out of 63 
such acts do now (more than formerly) restrict to eoifie extent the benefits to non-resident alien 
dependents. Ckimmonest reetrictions are: (a) reduced benefits; (b) limitations on beneficiaries; 
(c) eommutation eff wsskly benefit to s lump sum figured at a lower rate. Among mining States, 
o]^ Minn, Obio,,Tenn put non-residsnt alien dependents definitely on same footing as those of 
citisena; Ind, Mo, N J, and Philippines make no special provision. Several Sutss exempt Cansdiso 
dependents from such restrictions. 

Compensation statutes of Ariz, Colo, Mich, Mo, Mont, Nev, N M, Ohio, Okla, Ore, 
Pehn, Puerto Rioo, S Dak, Utah, Va, Wash, Wyn, demand reports on all industrial acci¬ 
dents; Cal, Idaho, Philippines, on those causing disability of 1 day; Ind, Iowa, Kans, Ky, 
more than 1 day; Md, N C more than 3 days; Ill, more than 1 week; Ala, more than 2 
weeks. In N J, insured employers must report all accidents; uninsured, those causing 
permanent total disability, or disability of more than 1 week. Minn requires reports on 
all accidents c ausing death or serious injury, and on others causing disability for more than 
1 day. In W Va and Wis, Compensation Board has discretion as to reports. Alaska's 
compensation law demands no reports, but accidents in coal mines are required to be 
reported under a separate enactment. 


minority age of children, (iw) 318 per wk for 500 wk, and thereafter until remarriage. (») W6 per 
mo to widow with 2 children, fdus 36 for each other child, during widowhood or epeeified minonty 
age of riiUdien. (ft) 330 per mo to widow, plus 35 for each child, durmg widowhood or speciM 
minarity age of ohildren. (p) 65% «rf wagea, for life, (c) Hue 40% of wagee therMfter, for 1^. 
(r) 60% orwagee, for Ufe. ($) Plus 38 per week thereaftw. (f) 50-66% of wages for 41Awee.ta, 
^tis fife pension of 8-12% of previous payments. («) Plus 25% of wages tnereaf^, fop Im. 
(») 80% wagM, for life, (w) 682/8%,«>f life. (») 38.<» per week, plus « w ^ 

eaoh (bgmndent c^d, during peri^ <rf disababty. (y) 318jp« wk for 500 wMhe, plus fBO per nw 
theteriStfTfor life, (i) ofwagae for 260 mks, plus 45% of waj^ thereafti^ for life; 

5% for »ai* da^dMit ohild to max of 5. (aa) 360 per mo during Penod disablhty. (66) 318 pn 
w»ek, for UfoT^^ 321 per week, for life, (dd) 65% oi waw for 2M weeks, (ee) In 4^ to 
allowattoe for temporary total, disability, at same rates. (Jfi Plus 310 mo ^ dependra^ 
(fB In addtt to paytnenta fw total disafaiiity for period up to 84 wmIoi. (WW In sdiln to poyments 
65% of wages for 438 weeks. (6*) No Umits. (jU) No limit on amotmt. 
l*othamount and timolimited. 


‘oUmittttttine.^ 


iioUi amount and time limited. 
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9. PIlNStONS ARD imilBS , 

(Se« «1 b 6 Alt 8t **Cofi^^eii«itiott **) 

Federal old-age and aurrlTora^ ben^ta. Social Security Act (Titlea H and 
aa amended Aug. 1939) leviee an income tax on employees within the TJ S ,(with certain 
exceptions not related to mining) who are under age of 66 yr; aleo^aa equivalent excise tak 
on idl employers of such persons, regardless of thdr numbo'. Excess of aa emidoyee’s 
wages above S3 000 per yr is exempt from both taxes, which began to accrue Jan 1,193?^ 
Rates: 1937-42,1%; 1943-46,2%; 1946-48,2.6%; 1949 and thereafter, 3%. Emptqyw 
must withho'd employee’s tax from his wages (giving a receipt therCfor) and r^oit it 
quarterly, together with his own tax, to collector of internal revenue. Returns are r^uired 
from each separate employer; consolidated returns of parent and subsidiary orgj^sations 
not permitted; sundry information returns are also required. Employees are identified 
by numbers assigned by local branches of the Security Board. 

Ketired employes is xuaiau son montrlt BxnxFi-i‘s if he> (a) is A6 yr old; (b) is fully 
Insured; (e) fttes a claiiu. A worker is ruu,T iNsvaxo for life when he has received (s) as much as 
$60 for taxable employment in each of 40 calendar quarters; or (b) $50 in each of a number of 
'.alendar quarters equal to one-half of those elapsed between Dee 31, 1936 (or his 21st birthday, 
f later) and the quarter in which he reaches age of 65 (or dies), but in not fewer than 6 quarters. 
.^OKTimr BEKBPiT (besinuing Jan 1,1940): 40% of first $60, plus 10% of next $200 of aver monthly 
tvages, plus 1% of above total for each year in which worker earned $200 or more in taxable employ- 
uent. Minimum benefit, $10; max under any conditions, $85. Benefit is forfeited for any month 
-n which worker earna $15 or more in tascable employment. Aveb monthly wades in above formula 
s total accumulated wages (excluding amount above $3 000 received in any 1 yr), divided by num¬ 
ber of months claimant could have worked between Deo 31, 1936 (or his 22nd birthday, if later) 
md the quarter in which he becomes eligible for benefits, or dies. Sufplementabt benefits for 
lependents: 50% of claimant's personal benefit for (a) wife 65 yr or older; (b) each unmarried 
lependent child under 10 yr, or under 18 yr if regularly attending school. Bubvivobs’ monthly 
senefitb of a fully insured worker: 75% of worker’s benefit for a widow over 65 yr, or for any widow 
srith dependent children; 50% for each unmarried dependent child under IS yr, or for each depen- 
Jent parent if there ia no widow or dependent child. Amended Act makes provition for widows and 
ninor children surviving a worker, not fully insured, if be has received as much as $50 ia each of 
it leaat 6 quarters during preceding 3 yr. If no survivor is eligible for monthly benefit, a lump aum 
squal to 6 times the worker’s monthly benefit may be paid to nearest relatives or (up to that amount) 
.0 anyone who defraya funeral expenses. 

Note that the above is exclusively a Federal affair, as to both taxation and disburae- 
nents; no credit against the tax can be claimed on account of payments under any State 
itatute. 

Pensions are granted by many of the most progressive companies, and paid from a fund 
'to which employees may or may not be asked to contribute. Benefit yvNDS are more 
frequently maintained by the employees alone, with occasional assistance from company’s 
accounting and clerical force; in some cases, the company also contributes financially. 

Homsstaks Mining Co began in 1917 to pension old employees retiring voluntarily or at suggsa- 
rion of foremen (21). Annual pension, 25% of last full yr’s pay, plus $10 per yr of service; total not 
exeeechng $e(X). To mid-1931, 163 employees bad been pensioned, of whom 52 were then receiving 
benefite. Co also pensions widows of employees killed by accidents before State compensation 
law became effective; monthly rate, $30 plus $5 per child under 16 yr. Hombbtaxe aid ram, 
organised 1910, with Co eupt as treaa, chief clerk as secty, and 5 elected direetora. Employees each 
contribute $1 per mo, and up to adoption of State compensation lawe the Co oontiibut^ $1 000 
per mo; fund formerly paid benefits lor both siokness and accidents; now only for sidineaB, tine* 
Co must pay accident compensation. If siokneea lasts over 3 mo, fund pays $1.50per day for 0 mo; 
$800 for death or $200 for suicide or ineanity. Co still pays $1 per day lost by accident, up to 10th 
iay, when State compensation begins. 

doppor Queen EmirfoyoeB* Benefit Assoc (oonnsting of Phelps Dodge emplcqrees at 
Ksbee and Douglas, Aris) provides benefits for death and disabling accidents even thoiil^ 
wourtiiig wUle not on duty (in urhich case State compeneation would not apiply); also for 
Bokneas, not compensable by State. Admisnon to membership is timited to emjtloyeee 
undei^fqilie.of 60 yr, but benefits for death due to sickness are limit^ to $206 for an employee 
admif^ a^ age above 45 yr, against a maximum of $16<X) lor tliose admitted at earlier 
V member contributes, in advance, 2.2% of his pay, to nmx of $3.30 per mo; oo&tributimxi. 
tin waived during a period of disability. Company contributes $lfifi00 iaimaily, pro¬ 
vided Assoc numbers 60% of totid nmploirees <ttcl Blerioans) at the i>lalifii mentiooed. 
BdowfiCS at 60% of a member's wages, tot not exceei^tag |2 p^ dsy, are paid duiriag sieh- 
neei or for aoeidents occurring bff-dutyi^ototing the fiMt 6 days in sillier cass. Foradn- 
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aoeideiit while on duty; (a) no bmefit unlew disability exceeds 6 days; (h) it die- 
alulity Lute between 6 and 14 doy*. ben^t is paicLfor only 2 flays; (c) no benefit for dis¬ 
ability exceeding 13 days. (If dbekbility from an accident on duty continues for 2 weeks. 
Aris State compensation is payable from date of accident). Deatb benefit of a member is 
equivident to daily wages times the number of calendar days in last previous year, but 
r not to exceed $1 £00 (see above): Assoc may advance $200 out of benefit for funeral or 
other urgent expenses. Accidental total disablement while off-duty receives same benefit 
a4 death. Lump-sum setdement at option of member is permitted in case of off-duty 
injury or chronic sickness. 

« Ksg 

funds ” are often maintained at collieries. Miners collect and bring up their empty 
powder cane; company provides storage for them, and periodically sells them to powder companies 
for about 8^ each, the money being used for sick benefits and funeral expenaee of employeee. D L ft W 
company pays out, from this source, about $1700 monthly. 

For additional data, see Bibliog (23). 


10. LABOR RELATIONS IN GENERAL 

Recent years have yielded a flood of legislation controlling employer-employee rela¬ 
tionships. Federal law ("Wagner Act") rests on the Interstate Commerce clause of the 
Constitution. Among the mining States, only Mich, Minn, Penn, Utah, and W'is (to late 
1939) have enacted such laws for regulating their own industries, usually patterned after 
the Wagner Act, but (in every case, except Utah) with addition of clauses defining "unfair 
labor practice” by employees, the most criticised omission from the Wagner Act. Mont 
and Ore permit their State Labor Boards to cooperate with National Board. Statutes of 
all mining States (except Calif and N M) provide channels for abbitbation of labor dis¬ 
putes; for examples; see Art 11. "Yellow noo” costtbacts (stipulating membership or 
non-membership in a labor union as a condition of employment) are specifically prohibited 
in Aris, Calif, Colo, Idaho, Mich, Minn, Nev, N J, Ore, Penn, Utah, and Wis. Black¬ 
listing is unlawful in Mont, N M, Okla, and Wash. Financial or other material contribu¬ 
tions to couFANT tTNiONS are prohibited to employers by Federal law and by State law in 
Mich, Penn, Utah, and W'is. This last prohibition relates only to collective bargaining 
functions of such organisations; it does not outlaw an employer’s support or encourage¬ 
ment of local organizations purely for social, educational, or benevolent activities. Deci¬ 
sions by two Fed Circuit Courts of Appeal (late 1930) upheld indmdual plant unions as 
legitimate collective bargaining units, provided evidence fails to show that such union is 
"tied to the management.” 

national Labor Rotations (*' Wagnor ”) Act, approved July 5, 1935. 

Sec 2: Term “employee” includes all employees, and any individual whose work has 
oeased as a consequence of, or in connection with, any current labor dispute or because of 
unfair labor practice, and who has not obtained other regular and substantially equivalent 
employment. Term " labor organisation ” means any organization, or any agency or 
employee reprMentation committee or plan, which exists for the purpose of dealing with 
onployers concerning grievances, labor disputes, wages, rates of pay, hours of employ- 
meivt, or conditions of work. Term “ commerce ” means trade, traffic, transport, or com¬ 
munication among the several States, or any Territory of the U S, or between any foreign 
country and any State, or between points in the same State, but through any other State, 
or any foreign country. Term "affecting commerce” means in commerce, or burdening or 
obstructing commerce, or having led or tending to lead to a labor dispute burdening or 
obstructing commerce. 

Sec 7: Employees have the right to self-organization, to form, join, or assist labor 
organisation, to bargain collectively through their own representatives, and to engage in 
coi^oerted activities, for collective Inurgaining or other mutual aid or protection. , 

Sec 8: It is unfair labor practice for an employer; (1) to reetrain, or coerce employees 
in the exorcise of righta guaranteed in Sec 7; (2) to dominate or interfere with the forma¬ 
tion or administration of any labor orgaixization or contribute financial or other support 
to it; provided, that subject to rules by the Board (N L R B) an employer is not prohibited 
from pennitting employees to confer with Inm during working hours without 1^ of time 
(h‘ payj (3) by discrimination in regard to employment or any term or condition of emidoy- 
ment to encourage or discourage membership in any labor organisation; provided, that 
nothing in tbis Act, or in any other U S statute, precludes an employer from making an 
^aRreenient witb a labor organisation (not established, maintained, or assisted by unfair 
tabor practice) to require as a condition of onployment membershi]^ therein; (4) to dis- 
eourageor otherwise discriminate against an employee beoauee be hns'filed chargee or given 
tiwtanony tinder this Act; (5) to refuse to bargain collectivdy with the representatives of 
his eiDployses. _ 
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6«c 10 (a): The N L R B i« empoerered to prevent atay person from engaging to unfair 
labor practice affecting commerce. This power shall be ezdusive, and is not affected fay 
any other means of adjustment or prevention that may be eatabliidied by agreement» laWt 
or otherwise. 

Sec 13: Nothing in this Act shall be construed to interfere with the rij^t to strike. 

ApitUcaUUty of Wagaw Act to an employer appears to be meaaared by the extent to wbieh 
either hia raw matwials or hia product enter iatentate oommeroe. “The queetion ia neeeaaarffy 
one of degree" (U S Supreme Court). NLRB haa taken an expanded view of ita jurisdiction, 
but.baa been upheld by Federal oourte iu eeveral cases within mining industry where the employer's 
dependence upon lnt«-«tate oommeroe was fairly obvious (Jones A Laughlia, Eagle*Pioher, Alwka 
Juneau); deo in a few esses where as little aa 2S% of employer’s product went outaide of his State. 
In the Idaho-Maryland ease (Calif) the Fed court vacated a oeaae>and*desist order from NLRB, 
on showing that the oompany's entire operations, including purchase of suppliea, were confined to 
Calif, ita bullion being sold to Ssn Francisco mint and its concentrates shipped to Selby. The fact 
that some of its supplies and equipment (though purchased in Calif) were manufacture elsewhen 
was held immaterial to the esse. On lapse of Icg^ period for filing an appeal, this decision is now 
binding in the Btb Fed oireuit, including Calif, Oreg, Wash, Aris, Idaho, Mont, and Nev, aad 
would also carry weight in other circuits dealing with similar oases. 

Unfair labor praeticea by amidoyeea. Federal law ia silent on this subject. Four of the 
5 nwiing States which (to late 1939} have enacted "litUe Wagner Acts" have added pro¬ 
visions defining unfair practice by employees aa well as by employers. Pnirx (as amended 
and approved June 9,1939) makes it unfair practice for a labor organisation: (a) to intimi- 
' date or coerce any employee with intent to compel him to join or refrain from joining any 
labor organisation, or to influence hia choice of bargaining representatives; (b) to join a 
sit-down strike, or to seise or damage an employer's plant with intent to compel him to 
accede to terms of employment, including a demand for collective bar^ning; (c) to 
intimidate or coerce any employer by threats of bodily force or violence with intent to 
compel him to accede to demands. Mich Labob Rei^atioh Act (June 8. 1939) makes it 
punishable as a misdemeanor: (a) to take or withhold possession of property against the 
will of its owner or rightful occupant; (b) by intimidation, to force any person to become 
or remain a member of a labor organisation, or to refrain from engaging in employment. 
Mxhk Labob Relatzohb Act (Apl 22,1939) indudes in its definition of unfair labor prac¬ 
tice’ both of the misdemeanors recognised by Mich, and adds: (1) to institute a strike in 
violation of a valid collective agreement with which the employer is complying, or without 
serving the prescribed 10-days’ notice upon employer and State Conciliator; (2) for any 
person to picket a place of employment of which be is not an employee, unless a majority 
of persons picketing are employee at the place. Wis Emplotuent Peace Act (May 3, 
1939) makes it an unfair labor practice for an employee individually or to concert with 
others (or for any other person): (a) to intimidate an employee in enjoyment of his lei^ 
rights (including those granted by other sections of the same Act); (b) to intimidate an 
empbyer into interfering with those ri(d>ts; (e) to violate terms of a collective bargaining 
agreement (including an agreement to accept an arbitration award); (e) to refuse or fail 
to accept the final determination of any tribunal having competent jurisdiction; (s) to 
wgage in picketing or boycotting unless, by secret ballot, a majority of the collective wr- 
gaining unit has voted to strike; (/) to hinder or prevent by force or coercion the pursuit 
of any lawful work; .(g) to engage in secondary boycotts; (A) to take unauthorised 
possesdon of employer’s property, or engage in concerted effort to interfere with produc¬ 
tion, except by peaceably leaving the premises. 

toternat Union of Bftoe, Mill, nnd Smelter Worken, an outgrowth of the old Western. 
Federation of Miners and now affiliated with Gongress of Industrial Organisation, with over 
fiO 0(]0.memberB (Sep, 1938), is predominant labor organisation in U S metid mining dis¬ 
tricts; in 1037, it signed 97 agreements with employers. Following data (63) refer to 
IciHuro AOBBEMBNTS; smelter and refinery agreements ore similar in iwinciple, ^ut differ 
in some details. Cuosbd Union shop is usually stipulated; Co is usually requir^ to fur¬ 
nish the Union with a complete list of ita employees witiun 1 week after the end of each 
montil, and to notify any employee whose good standing is questioned; auesh employeoi 
if still delinquent after 10 days, is not permitted to work. Check-off coUection of Unios 
dues is not usually required (1 such case in 1937). Several Mont mines agree to toiploy 
only local men, so long aa they are satisfactory to Co. Waobs ace usuedly on a idkfing BMde 
with metal prices (Art 2). Over-time draws 1.5 times reguleu' rate; doubto-timeon ImU- , 
days; 8-hr day is standard, mchiding 30 min for lunch. In some aiines, BOi extra is paid 
for wet work. Wwk between re^ilar shifts is usually cm guarantoe of 4 hr at regular^ 
rate. At some mines, engineers and pumpmen ate pefcinitted to work 7 days a week* JviUi 
^ |>eiv(lege of arranging for annual vacation. . < 
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Bmm agmmsatB limit aight-ahift work to 2 waelm at a atrotek. Noaily ail roquim Droviaioa 
of ehanp-housoB, batba, and flrat^id oquipment. Som« agrmmeata forbid a adaw to work aloaa 
at aotuu qdning oadargrouad; ia 1 oaao, use of aiachinM ia raqukad whan praotioabia. Sanioritp 
ia ^a uauai rula governiag amptoymaot. AU agraaaianta arranga for ewm<BMaNT or oaiavAMcaa. 
A dlaputa which can sot bo aattled with tha foremaa may be rafarred to miae manager or higher 
offidal. On diaagreement aa to facta, a Union committee may make an examination jointly with 
a Co repraeantaUve. Men who have been diaoharged without cauae are guaranteed back pay. 
LocKotm AND aTmKW are prohibited before all meana of aettlament have been exhauated. It ia 
naually agreed that a atrika ahall not affect pumpmen and other maintenance men ao long aa Co 
makaa no attempt to raeume produetion; Union uaually reaervei right to call out auch men if 
nagotiationa are not completed within 15 daya. At each plant of Anaconda Coppsk Mining Co, 
there ia a local induBtiial*relationa committee, with 5 reprceentaUvee of each party; if 7 membeia 
can not agree, the diapute ia referred to an executive induatrial-relationa committee compoeed of 
1 repreaentative from each party from the Butte, Anaconda, and Great FaUa i^nta; agreement 
by 4 membera of thia body ia final. 

Cons Mining St Smelting Co of Canada (64) offers a notable csxample of hannonioue 
relations maintained sinco 1918 under auspices of a cooperative committee compoeed 
entirely of employees; earlier complete affiliation with Western Federation of Mipers 
haa since been almost whcdly abandoned, though membership in outside tinions is not 
restrained. 

Committee membera, 1 repreaentative from each department, or each abift in a large depart¬ 
ment, are elected by secret ballot every 6 moa for term of 1 yr (to allow overlapping). Committee 
elects itc chairman, vice-chairman, and secretary; chairman appoints 5 standing aub-committees 
and others when necessary. Out of aver 5 000 employees, over 300 had served ou committee to 
1035. No rigorous by-lawa have ever been adopted. Committee meets twice a month, about 1/2 on 
its own and l/s on company time; no representative of Co management attends meetings, unless 
invited. Committee assists management in adjustment of nearly all grievances, and, in case of 
a complaint deemed not well foimded, assumes responsibility for odveroe decision. It also oo-oper- 
ates with, but does not control, the employment department. Applications for aurLOYHBMT are 
received only at Trail (to ensure uniform consideration); Canadians, and sons or r^tives cd 
presant employeea receive preference; applications are not accepted when opportunity to work is 
hkely to bo unduly delayed. Applicants must read English, and pass medical emmination. Except 
akilM tradesmen, all new employees enter a generid "yard" department, from which other depart¬ 
ments draw when neoeaaary; "yard" also absorbs those temporarily not needed elsewhere. Fore¬ 
man may discharge a man for a serious offense, but must file statement of case with employment 
"manager; latter may uphold foreman or alter the discharge to an “open transfer." Foreman also 
may issue an opxn. tbansveb to an unsatisfactory employee, vdio may then be re-emidoyed by 
another department; a third Uanefer within 2 yr from the firet means automatia discharge; such 
diaobarges amount to leas than 2 % of the annual turnover. Minimum waoxb are set in relation to 
local costs of living, subject to bonus for better than aver work; bonus also is on sliding seals with 
metal prices. In all wage agreementa, Co reserves right to inoreaae the rate of a workman above his 
group scale. For promotion, abiUty is first consideratioD; of 2 equally capable men, senior in service 
receives preference. Every employee, at end of 3-yr service, receives a share of company's stock; 
free, if he is married, or for 912.50 O/a par) if single. Hbaltb insttbancx covers hospital and 
doctor’s care for men and their families; employee pays $2.50 and Co contributes about 90o per man 
pw mo. For XArx^NSiiBANcx, including total and permanent disability, Co pays for a group policy 
of 91.500 per man;' employee may pay fw additional 91 000 at group rats. BxnxtolxMt bocixtt 
ia eonduct^ exclusively by employees; dues of 91 per mo draw benefit of $1.50 per day for max of 
6 mos in any one year. Co maintains a revolving fund of 9750 000 for hodsino iaians on 5% 
mortgagee, prinoipid and interaet deducted from monthly pay. Applicant deposits 10% of combined 
value (d house and land, and gets clear title in 8-10 yr. About 1000 houses have been financed 
thus: applicant hoc free choice of plans, under advice from Co's biuldlng inspector. Pxnbjons, 
administered by 2 Co offidala and chairman of co-op oomm, are payable at age of 55 yr after 2S-yr 
serVlee, or at 00 srr after 15^r service; rate, 1% of aver earnings during preceding 10 yr for each 
year of service: minimum pension, 9240 per yr, Avraximcxsuip system, primarily for sons of- 
emplqysss, starts with pay at 25% oi base rate, increases every 6 mos, and reaobss full scale ia 
a^ut 41/2 yr. • . 
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Coaefllatloa Serriee of the Federal Department of Labor, established Mch 4,1913, wid 
gUl fu&ofioning as a s^Muate Bureau, authorisee the Secretary of Labusto act as mediator 
hi labor disputes, and to ^appoint conciliators. It attempts to adjust dii^utes in industries 
ovec rrhloh the Federal gov’t has no mandatory jurisdiction; its jurisdiction is not exclu- 
iive. It intervenes only on request of either party to a dispute or of State authorities, and 
la confined to mediation and offering suggestions as to proper settlement. It is not a board 
of arlntmtion and can not fence either party to confer with its agent. 

SlK^-^asWid arbttratlea. Chammls tor arbitration and settlement of labor diqnites 
are by statut* in all mining States except Calif and N M. Powers assign^ to 
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Authorized ooneiliAtion or mediation officen show oonaiderable variation; arbitration ia 
novrhwe compulsory (tibough practieidly so in Minn), but on agreement io arbitrate ia 
enforceable in Nev, N J, Utah, and Wis. In neoriy all States, the desigaated moratory 
officials hav6 court-supported authority to make complete examinations, eompti attend¬ 
ance of witnesses, and take sworn testimony. In Ck»lo, Ill, Md, Mo, Wis, deoitimui of an 
arbitration tribunal ore binding if parties previoutiy agree thereto: in Penn, only upon 
agreement after the award. In 111 and Mont, an arbitrated decision is bindh^; for only 
6 mos or until revoked on 60 days’ notice; in Nev, a decision binds for 3 mos, subject to 
30 days’ notice of withdrawal. Strikes, lockouts, or changes in working conditions subject 
to dispute, are expressly forbidden in Ala, Colo, Mich, Minn, Mont, and Nev, so hmg as 
arbitration is proceeding or about to begin; Ore does not recognize a jurisdictional qiurrel 
between rival unions as a labor dispute subject to its Board of CondUation. Following 
examples illustrate procedure in important mining States (65). 

Ceiorado. (1036 stat, eh 97, see 29-33). "Industrial Commission shall promote the voluntary 
arbitsation and conciliation of labor disputes, and may appoint temporary arbitration boards, 
prescribe their rules, conduct hearings, and publish reports The Commission may subpoena 
witnessee and administer oaths. Its jurisdiction shall sxtend to all disputes between employer 
and employee and ehall continue until entry of final award. Neither party to the dispute shall 
alter the conditions of employment until after final determination by the Commission. Findings 
of the Commission shall bind the parties only when they have, in writing, so agreed” (eeo 133): 
"The CommisBioQ shall inquire into labor disputes and, if agreement ie not reached, shall attempt 
to have the parties consent to arbitration by 3 arbitrators selected, 1 by employer, 1 by employee!, 
and the third by these two or by the Industrial Commissioner. Findings by the arbitrators shall 
be final.” 

Montano. (Revised code of 1936, secs 3055-68). “The state board of arbitration and concilia¬ 
tion shall, on application of the employer, employing 20 or more, or the majority of the employees 
in the department in which the controversy arises, visit the dispute, hear all interested persons, 
advise the parties as to adjustment, and make a written decision which must be made public at once. 
The parties *to the application must agree to continue in business without any strike or lockout 
lintil the decision of the board, if made within 4 weeks of the fiUng of the application. Any decision 
ot the board shall be binding on the parties for 6 months, or until either party has given the other 
written notice .of his intention not to be bound at the expiration of 60 daye therefrom”. 

Nevada. (Compiled laws of 1929, secs 2763-69). "Whenever a labor dispute arises between 
an employer and his employees, threatening to interrupt the employer's business, the governor shall, 
«n request of either party, attempt to settle the dispute by mediation and conciliation. If tUumcceea- 
ful, he shall attempt to bring about an arbitration. If the parties consent thereto, an arbitration" 
board of 3 membm ehall be selected, 1 by the employer, 1 by the labor organization of the em- 
ployeea, and the third by these two or the governor. The submission to arbitration shall contain 
a stipulation that the award shall be filed within 30 days from the appointment of the third arbitrsr 
tor, during which time there shall be no change in the status of the parties, and the award shall be 
fin^, unless set sside for error of law. Employees dissatisfied with the award shall not withdraw 
tberrirom before 3 months from the making thereof, without 30 days' written notice; nor shsU 
employees be dismissed due to the employer's dissatisfaction before 3 months from the making of 
the award, without 30 days' written notice. The award shall be in force for 1 year.” (Sm 610): 
“Written agreements to submit any controversy existing at the time of the contract to arbitration 
are valid and enforceable, and may not be revoked without consent of the other party to the agree¬ 
ment, except upon grounds existing in law or equity for the revocation of any contract.” 

X^nnsylvania (1931 stat, title 43, ch 13, secs 691-701), provides that judges of the courts of 
common pleas shall, upon petition of 50 or more petsone employed as workmen by 5 or more 
S^arate firnts or persons, or at least by 5 emidoyers, each emplosring at least 10, or by the repre¬ 
sentatives of a firm emidoying at least 75, authorise a tribunal for settlement of disputes between 
emplcyera and employees in the iron, steel, glass, textile, and coal trades. If a suspension of work 
has occurred, or is probable, the judge shall bear testimony as to the representative character of 
: the petitioners and may deny the authorisation if it appears that the petitioners do not reprqpent. 
at least one-half of each party. Tribunal exists for 1 year. An umpire shall be choeen by the 
2 employer and 2 employee representatives on the tribunal, and shall act only after 3 disagreements; 
his award shall be final os to matters submitted in writing and signed by the tribunal or by tiie 
parties, and on questions afieoting the pricse of labor. Award of the umpire ehall only bind em¬ 
ployers or employees as they agree after the award. Tribunal may administer oaths and sign 
subpoenas, and attorneys-at-law shall not appear before it. Award shall be .made within 10 days of 
submission of dispute, Labob Mediation Act (No 177, of 1937) permits the Department of Labor 
and Industry to offer its serviees for eonciliatioa of disputes, but failure or refusal of either parly 
to BU^^mit to arbitration is not a violation of the Act, nor can it be used as basis for other action -in 
law Of equity. 

lltehigaa- Public Act 176 (effective June 8,1939) creates a labor mediation board of 3 mezriMWs 
iq;>poiated by the governor, stiected without regard to politics! affili^ons, for term df 3 years; 

2 members ponstitute a quorum, but all official otdscz require eonenrrenoe of a majewity of . ti^e 
board. Sec 8: "It shall be lawful fw emplayees to ., . form, jmu m assist iii^li^hor organization, , 
to engzge in lawful concerted aotivltieo for the purpoze ooRective negotiation ... or to negoliele 
. e^eetivaly with tWr en^tlosms tiirough represontativee of riieir own free choice.” Bsc 9: 

a dismto oriaaa, which the parties thereto ore uoahte to aettif, no ztrifcs or lockoutahalf iw put 
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into uolam tithar party ahall aarva » notioa upon tiba boud of auob diippte, with » atata* 
mant of thw isauea invotv^. l3ao ta: “Fw a p«iod of not leaa than 6 4aya aftar tha lAora notion 
ia acsrad. or until tha board undertakas the adjuatmant and aattiemaut of tha diapnte (if within 
4 daya) it ah^ ba tha duty of both antployaaa and amidoyera to naa their bwt afforta to avoid 
a eaaaatioa of amploymant or a chance in the normal operation ht tha bnainaani and during aaid 
PViod tha partiaa ahall undertake a mediation thereof. Violation of thia aaotion abaU ha a mia- 
demeanor and puniahable aa auoh." See 10: “After the board haa reoaived the above notioot.or 
upon ita own motion, in an exiatinc, imminent, or threatened lal^r dispute, tha board may, and 
upon the direction of the governor, tha board must take auch steps aa it may deem expedient to 
effect a vduntary, amioable and expeditious adjustment. To this end, it shall be the duty t^ 
board: (a) to arrange for, hold, adjourn or reconvene a conference between tha disputanta; 
(b) to invite the disputanta to attend such conference and submit the grievances: (c) to discuss 
auoh grievances; (d) to aniat in negotiating and drafting agreements for tha adjustment of such 
grievances and for termination or avoidance of the labor dispute. The board may designate one of 
its members to act in its behalf, with all the powers hereby conferred upon the board." Sec 11; 
"The board and each member (or designee) shall have power to subpoena witnesses and compel 
their attendance, administer oa^, and receive evidence. Subpoenas may be issued only after the 
mediation of a dispute shall have been actually undertaken. In case of contumacy or refuaal to 
obey a subpoena, the oirc\iit co\irt of any county within the jurisdiction of which the inauity is 
carried on, upon application of the board or commission, shall have jurisdiction to issue an order 
requiring such person to appear before the board or commission, to produce evidence or to give 
testimony. Failure to obey such order may be punished by the court as a contempt. ” Sec 12: No 
member or officer of the board haying financial interest or membership in or affiliation with any labor 
organisation in a trade in which a labor dispute exists, or is threatened, and of which the board has 
taken cognisance, shall be qualified to participate in the acts of the board in connection with settle¬ 
ment or avoidance thereof." Sec 15 declares sit-down strikes, however accomplished, to be rois- 
demeanora punishable aa such. Sec 17: It shall be unlawful (punishable as a misdemeanor) for 
any employee or other person to attempt to force any person to become or remain a membw of 
a labor organisation, or to refrain from engaging in employment. 

kUnnesota. The Labor Relation Act (laws of 1039, ^ap 440) closely parallels that of Mich, 
except that, instead of a board of 3 members, the governor appoints a permanent labor conciliator, 
and may appoint other conciliators, all with powers like those in Mich; abo, the period following the 
a«rvioe of notice, during which strikes or lockouts are unlawful, is 10 instead of fi days. Powers of 
the conciliators are upheld by district courts. Labor organisations, as well as employers, must 
file swcurn statements giving names and addresses of their responsible officers. 

Anthracite atrike commiasion was appointed by President Theodore Rooaevelt in 
Oct, 1902, when a strike in the anthracite districts, already in its fifth month, threatened 
to cause hardship to consumers during the winter. Operations were thereupon resumed, 
pending investigation by the commission, whose report (1), Mar 21, 1903, still retaing 
historical interest as underlying many current labor practices in the an^acite field. 

Anthracite conferences. Since expiration, in 19()6, of Strike Commission’s 3-yr award, 
wages and other details affecting labor have been adjusted at successive conferences 
between operators’ committees and officials of the United Mine Workers, always the 
preponderating and now the exclusive bargaining agent of the workers. For accounts of 
the proceedings and their outcomes, see Bib (27, 28, 50, 75), also Edn 2 of this book, Art 11. 

ConferenoM have been held at irregular intervale of 2-5 yr, and were often aooompanied by 
suspensions of mining, sometimSs lasting several months; no interruption occurred in 1930. Waobs 
of contract miners and their laborers were increased 10% by the 1903 award, another 10% in 1912, 
and an additional 7% in 1916. Successive increases during the World War increased the 1020 rate 
up to 05% above that of 1016; a further increase of 10% in 1923 fixed a rate since maintained by 
agreements in 1926, 1931, 1932, 1936, and June, 1030 (the latter to expire in 1941). No code for 
anthracite wages was adopted (minimum of ^.62 was proposed) during the life of N I R A. 
WoaxiNO Bouae were reduced from 10 to 9 by 1903 award, to 8 hr in 1016, and to 7 hr in 1037. 
CBDCK-orP became obligatory (previously general) in 1936 agreement. Sudinq scalx for wages 
(based on N Y price of white-osb coal), established by the 1903 award, was abolished in 1912. 

Anthracite board of conciliation, created by fourth award of the 1902 atrike commiasion, 
and still functioning, conaiata of 6 members, 3 being appointed by mine operators and 3 by 
any " orgiEiniaation representing a majority of the mine workers,’’ in the 3 anthracite dis¬ 
tricts (Wyoming, Lehigh, Schuylkill). Full membership of the board is to be maintained, 
and either operators or workmen may change their representation on the board at any time 
when a controversy is not pending. Parties to a controversy may be represented by other 
persons at all hearings before the board. A decision by a majority of the board is final; 
if a majority is unable to agree, the board requests a U S circuit judge of the third circuit to 
appoint an umpire, whose decision is finaL Suspension of work by strike or lockout, pend¬ 
ing a deoisipn by ^e board, is forbidden. 

Board of ebnoiliation, organised.at Wilkes-Barre, June 25,1903 (29), adopted following BOfcas or 
p^jwcnoiuas: (a) Aggrieved workman must first attempt to adjust dispute with mine foreman. 
<ii) if unsninrssffnl] he mpst request iotwview with company’s supt or mgr, for purpose Of adjust- 
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meat, (e) U aot eaUefied with.eohitioa offered, workman may tliaa enbmit Ue to the 2 repn- 
eentativee of the eoadliation board in that diatriot, aocompanied by proof that effort haMl bena 
made to fettle diapute with aupt or mgr. (a) If aupt or mgr hae refuaed an Interview within 10 das^, 
the board or ita two repreaentativea in the diaimot, will endeavor to secure an interview for aggrieved 
workman, (a) If dispute atiU remains unsettled, it oomee formally before tiie full boar^ which then 
calls upon the operator to save his reasons for not offering an adjustment. Board may then request 
pa o aeace of both parties for a full hearing. (/) Grievance of operators ag^nst workmen can be 
submitted at once to board, through its representatives, the board then calling for axidanation 
from the workmen,' or requesting presence of both sides for a hearing, (g) Board will not consider 
a grievance of workmen unless they remain at work, with the understanding that awards by the 
board will be retroactive, dating from time dispute is first opened. 

Orievanee committee. In the 1912 anthracite agreement, it was stipulated that a committee 
of 3 employees might be elected by the workmen of each mine, with power to consider complaints 
which individual workmen bad not been able to settle with mine foreman. It was made allowi^le 
for the miners’ district representative on the conciliation board to confer with this Committee. 
In case of failure of negotiationa between committee and mine officials, complaints were then to 
follow prescribed course before full conciliation board (see above). It was supposed that the com¬ 
mittee might add weight to the grievance of an individual workman, thereby increasing probability 

a satisfactory interview with mine officials and diminishing the number of complaints to be 
carried before the full board, which was felt to be too remote and deliberate a body. 

BitumlnouB interstate joint conference, for adjustment of wages and working condi¬ 
tions, was in sustained operation in the central competitive bituminous territory (Ohio, 
Ind, Ill, and Western Pa) from 1898 until Apr 1, 1927; after lapse of 6 yr, its functions 
were resumed, Sep 22, 1933, under protection of the N L R A, by a similar conference 
representing the Appalachian area, extending from central Pa to Ala (29, 75). The follow¬ 
ing conditions have become firmly established: (a) Privilege of workmen to organise and 
authority of union (U M W) to negotiate agreements on behalf of mine workers lu-e recog¬ 
nised by employers, (b) Bating point is designated in each state, thus compensating 
opti'.aton in one state for natural advantages (distance to market, character of coal seams, 
etc) enjoyed by those in a more favored state. For example, the basic minimum rates for 
S-hr work established in 1933 were (75): Northeast, $4.60 (increased, 1937-39, to $6 for 
7 hr); south, $4.20; midwest, $4,575-^; southwest, $3.75; northwest, $4-$5.63; de^ 
south, $3.40-$3.84. (c) Ton of 2 000 lb is standard, (d) Run-of-mine basis 6f payment, 
fonnerly optional in some oases, has universally displaced the screened-ooal basis since 
1913. (e) Differentials are established between machine and pick mining, and between 
thick and thin coal seams. (/} Uniform working day of 8 hr, prevailing 1898-1933, was 
reduced in 1934 to 7 hr for all classes of mine employees. 

ConferenoM are held in Meh every 2 years, at a fwavioualy aeleoted city, and are attended by 
delegatee from miners’ unions (usually national and state officials of U M W) and by representativM 
of ooal mine ojwrators selected in any desired manner. Committee on credentials, rules, etc, com- 
priss 2 members of each tide from each state; scale committee includes an equal number of members 
from each aide, but numbers vary for different districts; unanimous vote is required to adopt.au 
agreement. Miners’ demands, having usually been formulated at a shortly preceding annual con¬ 
vention of’ U M W, are presented in form of resolution, which customarily fails of unanimous 
aoceptanee. Resolution then goes to scale committee, where it is discussed seriatim: agreement is 
eeldom reached on any clause, and being reopened in full conference, resolution is further debated 
and generally fails to pass. It is then referred to a sub-scale committee, the meetings of which are 
strictly secret. At th^ point, a counter-proposition is usually offered by the operators, and argu¬ 
ment then ensues until a compromise is effected. Report of sub-ecale committee is then approved 
by scale committee, an4 is finally adopted by the convention; it is then signed by 2 repreaentativea 
of each side from each state. , 

Consistent tbxnd or inNsns’ pkuanpb has been towards: (a) Uniform scale of payment for 
cosl in til states within a competitive territory, (b) Adoption of run-of-ndne basis tione (finally 
effected in 1014). , (c) Decrease of premium for pick-mining over machine mining, (d) Uniform 
wages for outside em^oyees. 

Bltaminons stilts ngreemetitii (29) are in force in all states represented in the intwetate 
oemferenoee, and also in many others, nearly 100% of the coal-mining territory of the U S 
being governed, as to wages and working conditions, by formal contracts between operators 
and organised employees. State conventions follow the interstate conferencee and are 
usually held prior to Apr 1; they are attended by officials of U M W aiid by delegates from 
the oporadoni, 

In those states'in which a bating point has been designated by interstate oonferenoe, priaetimi 
work of oonvsntioo consists in establishing a system of coai. lamMO XATXa, ranging botii above and. 
below the bntio rate, and so ‘adjusted tiiat ininen in a given district (those who break ,down or 
produce ooti) ehall receive as neariy as pri^oable the aame raturne for a day’s #ork. Factoro 
iavtiyed ip i^ustment of rates are: (A) V&k m maoldilie mining; bonus in favor of former ti 
to oompeneate for tiower and more laborious naturo of operation, but minets oonstently 
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«diroMt» nitltic for 2 rcuoiif; (a) To dlMooraga of Kiihd 

thanby add to aiunbar of ndaata amptoy^ (6) Chain undarouttara ptodwt laaa aliutk OMd than 
pidc m i n i ng and tharaby add to oparator’a ^fita, to a shara of whieh tfaa minaca ooasider tiiaiif 
•alvea antittad, (B) Tbiekaaas of aeam; higher rath par ton for thin aaania, to OMnpanaata for 
■mallar tonnage par unit area undareut. Otbbb Bvm.KtixirTS effaated by state oogvantiona ra^ta 
to: (a) Priees fc»r narrow work and room turning, (h) Wages of inside workmen other than min«a; 
these wages are praetiosUy find on a uniform minimum basis by the interstate cdnferenoa. and aro> 
aeoratad, usually unohanged. by state convention in that territory, (c) Wages of outside workman, 
(d) neqnenoy of pay-days, and details as to issuing of wages, statements, ete. (e) Hours of labor; 
a 7-hr day is generally eoniiderad to mean 7 hr spent at working place, esclusive of lunch and travd- 
Ing time. ( f) Provisions for timbering working places, disposal of mine refuse, removal of waste 
from loaded coal, ete. (g) Loading smd firing of shots; generally stipulated that practice must foQow 
legal requirements of the state. (A) Diadplining of miners for sending out inferior coal, for ignoring 
or disobeying rules, for absenting themselves on working days, etc; in tiris connection, the Union 
usually promises its support and cooperation in enforcement of discipline. (0 Procedure for settle¬ 
ment of disputes; this is closely analogous to the present practice in the anthracite fields (see Con¬ 
ciliation Board, and Orievance Committee, above), except that final resort is to a conference 
between oflSeials of the company and state officials of the U M W. 0) "Check-off” system, witik- 
holding Union dues or fines from a workman's wages, is generally accepted by the operators in states 
where agreements are in force. (A) Prices and quality of powder, oil, tool sharpening, etc. 
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12. WASH AND CHANGE HOUSES 

Change houses, usually provided with bathing facilities, have become a recognised 
necessity at all mines employing more than a few men. Some companies have hesitated 
to incur expense of such building, through apprehension that its privileges would be abused 
or unappreciated; statistics covering several thotisand miners provided with such facilities 
indicate that 85% use tiie wash house regularly. Use of change and wash house is com¬ 
monly offered gratis, but one company found that the levying of a small charge, 50i per mo, 
induced better appreciation of the benefits afforded. 

Structural and operating details (30, 66). In designing a composite change and wash 
house, following points deserve consideration: (a) Should be situated as closely as con¬ 
venient to mine opening; in a cold climate, a tunnel or covered passageway from top of 
shaft is advisable. (5) Structure must be fireproof, commonly of brick, tUe, concrete, or 
sheet sfed on wood frame, (c) Tloor space, of changing room only, should be 15 to 20 sq ft 
per mail to be accommodated, (d) Floor and inside walls free from obstructions, the former 
preferably of ocmcrete sloping 0.25 in per ft towards drain, so that entire interior can be 
washed with hose, (e) If lockers are used, they should be not less than 12 by 16 in by 3 to 
6 ft high, of open metiti construction and provided with combination instead of key looks; 
tops should slope steeply, for ease of cleaning, and to prevent piling rubbish on them. 
(/} Drying racks standing on floor, or hooks and lines suspended from pulleyv spaced 30 
in apart in ceiling, are recommended for hanging mine clothes, but should not be used for 
str^t clothes; if lockers are used for mine clothes, advisable to give every man 2 lockers. 
At Noranda, Quebec (66), wire-netted lockers for mine clothes are partly depressed 
bdow droning floor, their hinged and locked wooden-covered tops serving as seats between 
rows of street-clothes lockers; forced ventilation passes down through these lockers into 
duota on lower floor, (g) Ample heat must be provided for drying mine clothes; usually 
in steam coils running underneath lockers or drying racks, (h) Adequate ventilation is 
essenti^ because odors and dust ore abnormally oppressive; natural ventilation through 
cupolas is usually sufficient, but artificial and automatically controlled ventilation has been 
installed in some modem dry-houses; in latter case, it is advisable to admit warm air at 
ceiling and exhaust through floor, to avcnd raising of dust. In the Eureka change house 
(Fig 1) 8 000 cu ft of fresh air per min displaces entire volume of "dirty” side in 3 min. 
(t) Durable for wash room to be separated from change room, preferably by a short 
passageway having spring door at each end. Some recent change houses are divided by 
a longit wall into "clean” and "dirty" sides (Fig 1), co mm unicating only through shower 
rooms; meh ib mine dothes not permitted on the "clean” side (19). O') Showtt baths 
most^^vaatageous, but wash bamns should also be provided; tubs and swimming pools 
are unhygienic in this connection; 1 shower booth, 4 by 5 ft, for every 20 lockers is con¬ 
sidered adequate if mqn do not all use wash house at same time. Where a large number of 
men cdme off- a^ft ait once, as at McIntyre Porcupine mine, Ont, congestion can be avdded 
tqr fa*st<tllmg continuous sprays in a long, narrow passageway, stwtu^ with warm water 
nt hoe end «ad finidtigg with a cdid da«h at the other; before entering here, mfiti have 
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opportuni^ fm aoftfHOg and scrubbmg in a larger space, also supplied with Vann water C20). 
(k) Abmit 40 gal water per bath idiould be provided, but can be reduced by earful super- 
vtoon; if hot and cold water ore separately brought to the booths, pipM diould be of ample 
sise to avoid-fluctuation in temp when an adjoining bath is opened or dosed; mixers for 



hot and cold water should be carefully designed; Fig 2 shows one such installation. (0 A 
capable attendant, constantly on duty, will readily justify his wages. Toilets, specifica¬ 
tions for, see Art 15. 




il 

It 


11 ' 

!!_ ^ 

ELEVATION 


Fig 2. Fitting! for Shower Bath, Tcnn C, I & RR Co 


Detection of “ high-grading.’' Steel¬ 
ing of rich ore by miners has been a 
notorious source of loss at Bendigo, 
Kaigoorlie, Kimberley, Cripple Creek, 
Cobalt, Goldfield, and elsewhere; rich 
ore is brought out, a few lb at a time, 
in clothing and dinner pails, among 
other schemes, and is sold to illegitimate 
assayers or to prospectors who may 
operate a small worthless mine simply 
as a blind. Courts and statutes have 
proved incapable of stopping this prac¬ 
tice. Only practicable method is to 
require all miners to change olptbes 
they come ofi duty, iveferably keeping 
mine ciothee in one room and street 
clothes in another. This procedure haa 
been strenuously opposed by orgam'sed 
labor, and led to a strike at OoL&nKLO 
in 1907. A compromise was there, ef¬ 
fected on following baais; Each miner 
was allotted 2 adjoining lookers; com¬ 
ing from mine, workidg clothes were 
removed and placed in one locker; other 
locker was then opened and street clothes 
put on; eompany'e time-keeper and 
other designated watchers allowed to 
be present, but no strangers. At 
McIntyre Porcupine mine. Out, a miner 
coming off-shift put* hie lunch box on 
a belt conveyer passing through inspoo* 
tion room, and recovera it on laaving 
the change house (20). 


13. MINE COMMUNITIES AND MINERS’ DWELLINGS 

Advontnga of judicious planning of a mining community, to prconote heatthfu&ani. 
chnarfulaeas, and convenience, is as important from the finanml as from th« «ociok>aie 
point of view; a healthy and contented population is bolji more effittieiit and lees 
Town itivATED neas mine opsinNo has following edvuitageB (31). Slmrter dunbUMO to 
walk, rnttgiling less loss of energy in going to worlt, a eerious factor in mliny mountii^iUe* 
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triets, and leaa exposure in wet olotiies after work, in absence of chanse houses ^ Ilaidng 
homes, stores, and pay*offiee nei^by is convenient for housekeepers. Responsible officials 
are within eiwer rea^ih at all timm. - Where mining company owns the townaite, proximity 
to mine plant permits some economies In cost of haulage, lighting, heating, and fire pro- 
teoti<m. Townbite at distance from mine can usually be select^ with better legard to 
economy in construction as well as desirability of situation. Wider spacing of houses pro* 



CBacMkd toov iIbIUk j 


Fig 3. Two-story Bunk House, Flin Flon, ^Manitoba (67) 

motes health and reduces fire risk. Gentle slopes reduce cost of giading streets and erecting 
houses. Absence of noise, smoke, and dirt is genuine asset. Permissible distance from 
inin6 depends upon facilities for conveyance; electric cars in many districts have greatly 
enlarged the radius of daily travel; some mines operate work trains, and some steam rail¬ 
roads run special cars at reduced fare for mine w'orkmen. 



Fig 4. Six-room House, Trimountain Mine, Mich 


Is loeatlag a new townstte, the following featurea deserve attention, thoiuh all may not be 
praotieable. (e) Accurate contour map is indispensable for efficient planning, (b) Prinoipsl 
thoroughfares should be .i^prox parallel to contours, involving less expense for grading, bridging, 
sbwen, and swface draiasge. (c) Narrow but well surfaced street, with gutters and sidewslks, 
is more suitable for roquirepMuts of an ordinary mins town than wide street Ut poor ixxiiditiaa. 
fd) Tkapesoidal house lota, fremting-on a diagonal street, afford better air and lignt to eaeh home 
d Mtm.nmtmr lots 4nth houses all at same distance from street, (e) Deep, narrow lot invid 


t«M expense fer street improvements and permits better utilisation of land than a wide shallow lot" 
Saa^ aeea. (j) (Jta el o e tly imsoed, deep lots, houses should not all be at same distance from 
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•tnet; ZHitory hooMi ahonld b« farther back than aiiv^e-atary. It ie deeirable to alternate ainsla 
and 2*etory houaes. (c) Housea on both aidea of a narrow atreet ahotdd not be directly oppoaite 
one anothw. (A) Alone a contour atreet on a hillaide, 2-story housea ahpul^ be placed on down-hUI 
side and ahotdd be as narrow, {fo» front to back, aa convenient. Ijots on down>hili aide may be 
graded up to level of atreet, by aetting retaining wall under front of house instead of at front of lot. 
(t) Houses’ on steeply atoping lots are always expensive and usually inconvenient. Steps and 
verandas of hillside houaes should be at ends rather than at front or back. 

Principles of design. A company should have a number of different house plans for: 
variety of appearance, better utilization of land, diversity in rental. Number of houses of 
each sise can be estimated by investigating size of families in neighborhood. Most work* 



Ground Plan 



Fig 5. * Five-room Brick House, Boan Antelope Mine, Luanehya, Nm Rhodesia (97) 

men’s houses are too small; probably 40% of foreign workmen in U S use ^ but Z rooms 
of house for sleeping. Kitchen, being most important room in workman’s home, should be 
larger than commonly accepted, and situated on pleasantest (south or east) aide of house. 
Houses of more than 4 or £ rooms should be of 2 storiee, to reduce area of roof and foundai* 
tion and permit better lighting. 

llaterials of construction. Woonnw vbaub houses have following advantagm; («) variety in 
dsaign mora easily attained; (b) more readily enlar^; (e) more d»esply oonstrueted; (A iMrtter 
decorative effects. Certain lumber firms specialise in lumber ready out for ereotion aooordiag to 
standard patterns, economising in carpentry and waste. Pounnn ooMCBBm, now widely used 
Osotable examples, Gary, Indiana, and “Concrete City,” at Truesdala mina, near N*ntiook<h Pa), 
has advantages of being durable, fireproof, weatherproof afid relatively vermin proof. ’ti|kl<iss 
pneaution is taken to leave air apace in wi^, they are Ukdy to.oondenae motstwfc Mot|mB» , 
eOMcMTB BLOcza can often be made cheaply from mill iaiUngi. Variety of appearaUM itfCaiBed 
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by fmoing mould tritb tuilingB of differont oommobm. Bbiok axd acotiow nii« «r« BxiMinwitt fw 
better ekm of houaee, if eheaply obuiaeble. 

Owing to greab variety of equally deeiialde plane, it is not praotioable to indude here 
details of either design or oonstruotion; see Bib (32, 67, 69).- 

Cost of erection. Table 6; for more complete specifications on these examples, and 
on several others for which costs are not given, see Bib (67). 



Ball of doable house bavlng 
two two-room apartments 



Half of doable bouse baring 
two tbrce-ruom uparbuenta 



foor-room single-family boose 



Fig 6. One-floor Houses, Phelps Dodge Corp, Tyrone, N M (67) 


Keaat and Jackson (68) give data in Table 6 on preliminary caup structubies erected 
in Feb and Mar, 1930, to accommodate 60 men developing the Central Patricia claims in 
northern Ontario; lumber was sawn on the property but all other supplies were hauled 
‘100 miles by tractor smd sleds; tdl buildings framed with 2" X 4" studs, sills, and joists, and 
covered widi a good grade of roofing. 

Eoodng in cold climates. Following observations by Clement and Govan (69) are 
based on experience in northern Ontario. Benefits anticipated fronr wall and roof insula¬ 
tion may be largely nullified by poor, leaky construction around doors and windows. 
As defined here, thermal “ resistance ” is the time, hr, required for 1 btu to pass through 
1 sq ft of .Wail area when temps on opposite sides differ by 1° Y. Resistance of good com* 
mermal iiunilators is 2.6-4 hr per in of thickness, or lC-12 hr for customary 3 to 4-in thick* 
negs. Renstances of some common, uninsulated walls (Am Soc Heating and Ventil Engrs) 
are as in Table 7. Addition of 1 layer of thin-board insulation to such walls decreases 
hwt losses by 20-26%; butv.a8, in such houses, fuel consumed to supply heat lossm ttooui^ 
Walls and -roof is about 60% of total consumption, actual saving by such insulation is only 
12-lfi% in fuel. By more suitable and readily available insulators, properly applied, 
savfn 0 |N>f 60-70% in heat losses are economically possible, reducing fuel consumption by 
30*40% m mortt. As fire retarders, the loose varieties of mineral insulator are worthless. 
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Table 5. Cot of Erecting Mfaw Diydling*. Data from A. g. HubheH (67) 


Loeidity 
and data 

Ground «rea, 
ft 

lUxHna 

1 Coat 

l^)eaifieationa 

(a) 

Fera4ft 

Perouft 

Luanahya, 

Mo Rbododa 

46X 28 

5 

83.40 


Ho oellar; araljlB load briek; doors 
concrete; inside walla piaatored 
brick; clings pressed st^i Ore- 
Bon pine joists; roof oorrug gidv 
iron. 

AohoUa, Guer, 

JMex 

45 X 28 

4 

1.60 


No cellar; stone foundations; adobe 
walls; concrete floor; tile roof. 

Montarrey, 

Max 

431/a X 31 

5 

1.60 

(■■■-) 


No oellar; stone foundation; out¬ 
side widls stag-briok; inside, hol¬ 
low brick; double wood floors; 
ceiling beaver board; roof 3-ply 
asphalt. 

Matahambra, 

28 X 30 

4 

3.57 


Hardwood posts sad sills; pine 

Cuba 

29 X 44 

10 (2 fam) 

1.20 


studs and floor; sides 24-gaBe 

1 

801/2 X 38 

20 (bunkh) 

0.73 


iion; partitions battened boards. 

Paooa, 

26 X 12 

2 

1.66 


Mud sills; double wood floors; 

NM (t) 
1925-1926 

341/8 X 14 

3 

2.13 


2" X 4" studs; walls sheathed 
and covered with Slate Cote roof- 

do 

96 X 56 

5 

0.80 


ing; partitions wallboacd on 2X 4 

do 

48 Va X 221/a 

8 (bunkh) 

1.56 


studs; ceilings same on 3 X 4 
joists; brick chimney single thick; 
elec wiring; all screened. 

Tyrone, N M, 

f34 X 25 

4 (2 him) 

3. 15 


Smidl oellar; concrete foundations; 

1915-16 

49 X 26 

6 (2 fam) 

2.86 


walls 8-in hollow tile stuccoed 

For Ameri- 

411/2 X 28 

5 

2.90 ! 


outside; wood studding, metal 

oaaa 

1381/2 X 27 

4 

2.45 

! 

lath and plaster inside; flat roof 
with 3-ply asbestos; plumbing and 
elec fixtures; porches screened. 

Tyrone 

f27 X 24 

3 

1.76 


About same, except no cellar; floors 

For Mesicane 

(31 X 24 

4 (2 fam) 

1.64 


wood or cement 

FlinFion,Manit 

58 X 24 
(2 atoriea) 

12 (bunkh) 

5.75 

$0.32 

No cidlare; framed with BC fir; 
walls shiplap out’ude 2" X 4" 

do 

28 X 23 

3 

5.75 

0.64 

studs, rooC.ng material inside, and 

do 

36X 28 

5 

5.15 

0.57 

1 space filled with Insulox; roof 
asbesloe on BC fir boards over Cel- 
otex; plumbing and elec fixtures. 

Chuquioamata, 

112 X 35 

18 (bunkh) 

2.84 

0.28 

No cellars; concrete foundatione; 

Chile. 1925 

433 aq ft 

3(d) 

2.35 

0.24 

frame Dou^lss fir; outside wall 

do 

261/2 X 23 

4(r) 

4.46 

0.44 

metal lath and cement stucco; 

do 

125 X 32 

20 

5.00 

0.56 

inside walls and ceilings sheet 

do 

431/2 X 30 

7 

5.30 

0.49 

iron; roofs corrug iron; water 
and elec fixtures in all but tbe 
3-room apts. 

Copperton, 

(461/2 X 30 

5 

4.00 

0.63 

Full basements; walls brick, or 

Utah 

1926-30 

1 351/2 X 28 

4 

5.10 

0.64 

stucco on hollow tile; met-ol work 
copper or brass; FUntkote cop- 

do 1929 

48 X 24 

8(bunkh) 

3.00 

0.39 

per-clad shingles; hot-air fur¬ 
naces; water and elec fixtures . 

Rttth, Mev, 

1924 

96 X 29 

12 (bunkh) 

1.22 

i . 

Frame; 2" X 4" studs, 2" X 6" 
joists; inside walk compo board; 

1929 

33X27 

; 4 

2.80 


wood floors; water, elec, and 
steam beat. 

Conda, Idaho, 
•Abont 1927 

32X 20 

4 

2.81 


Concrete foundations^ frame Doug¬ 
las fir; roof and siding pine 
or cedM-; ehinglcs coppoMdad 
compo; inside walls gypsiun board 
ox plaster; water, elec, sewage 
fixtures. 

Arvida, Quebec, 
1926 

26 X 20 

6(/) 

9.00 

0.37 

Full concrete basements; frame 
BC fir; cedar siding; asboatus ot 

do 

26 X 26 

6if) 

8.58 

0.31 

aluminum shingles; floors flr or 

do 

26 X 20 

6(/) 

10.00 

0.42 

birefa; inside walls plaster board 

do 

S6 X 301/2 

9(S) 

12.75 

0.48 

and plaster, punted; water, and 

do 

26X 24 

6 if) 

16.00 

0.49 

dec fixtures; roof find outstdk 
walls thoroughly ineulatod. 'Vari- 
ations in coM dueprincipuUy to ian 
side tri; :i and beating ecpaptneafc. 


(u> Exd l)alhroom/9, dosetsi aiwl porcii«fl. (6) At 1 50)!. (o^ iiunpc^va, oonnbniatioa 

for a^^eotod short Kfe. id) In blockn of 0 AparttnftntSt'oaa of wbkih baa 4 rootna. (a) la bMwb d 
a apanmauta. (/) On S iioora. (s) .On 3 >ioors. 
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T«lbl« ft, Cunp^ Bnildlnc* at Central Patricia, Out. 


- 

Floor 
area, ft 

Cost 


Floor 
area, ft 

' Cost 

Total 

Pa 
sq ft 

Total 

Per . 
sq ft 

Bunkhouse 1. 

Bunkhouse 2. 

Bunkhouse 3... 

Bunkhouse 4. 

Gookhouse. 

* 18 X 20 
20 X 30 
14 X 18 
32 X 20 
50 X 24 

$218 

875 

155 

316 

1 694 

$0.60 

1.46 

0.54 

0.49 

1.41 

Residence. 

Stoiehuuse 1. 

Storehnuse 2 . 

Meat-house. 

24 X 24 
20 X 40 

18 X 24 
24 X 30 

766 
701 , 
252 
613 

i 


unicna confined on both sides by incombustible materials such as gypsum or tranute board, 
or asbestos paper on wire.mesh. 


Table 7. Thermal *'Resistance" of Uninsulated Walls 


9-in solid briok, Vs-in plaster on furred wood lath. 4.8 hr 

8 -ia concrete '• " 4.8 “ 

20 -in atone “ “ 8.0 “ 

8 -in hollow tile, stucco outside, 1 / 2 -in plaster on furred metal lath. 8.3 V 

Hollow-concrete block, V 2 -in plaster on furred wood lath. 5.0 “ 

Briok veneer on wood frame, wood lath sad plaster. 4.6 ** 


Type of small house most economical to build and maintain in cold climates has 11/3 storiee, 
without dormers or other breaks in roof; objection to stairs can be largely overcome by putting 
bathroom on first floor. Cost of such houses in northern Canada (1B28), complete with plumbing 
and electric fixtures, waa: for 4 rooms and bath, $1 COO-2 200; 4-6 rooms and bath, better finished, 
82 600-3 200. Largest saving in cost is by omitting cellars or making them less than full sise; 
foundations may be concrete piers or creosoted cedar posts, latter surrounded, within their pits, 
by broken rock or coarse cinders. Floor, well insulated, is high enough above ground to permit 
free aaoeas beneath; wooden side walls are carried to ground. For interior partitions, Clement and 
Govan prefer 3/g.in mineral wall-board to lath and plaster, because of its superior rigidity; the 
interior bracing afiorded by such partitions may permit omission of outside'sheathing. For wall 
and roof insulatiion, same authorities recommend a gypsum product, containing ingredients which, 
when wetted, evolve bubbles; the mixture is poured wet, sulidilles in about 30 min to a porous mast 
weighing (when dry) about 8 lb per cu ft, but requires 3-4 mos for thorough drying. Successful use 
of this poured insulator may involve slight modifications in design of wall-plates, door and window 
frames, to insure complete filling between studs or joists. With any form of insulation, it is specially 
important to avoid air pockets on the cold side, where moisture may condense. 

Above ideas governed erection of bunkhousc and cott.ages at a mine 475 miles north of Toronto. 
In both designs, 2"X3" studs replaced usual 2X4*8, and 2"X4" joists replaced 2X6’s. Inside 
woUs and partitions of S/g-in gypsum board; outside walla ship-lapped only (no sheathing). Wet- 
poured Insulex was 2.75 in thick in outer walls of cottages and partitions of bunkhouse; 8.75 in 
thick in outer walls and 4 in under flat roof of bunkhouse. CoTraaBs, 1 I /2 story, with 6 rooms, 
storage room, and bathroom, cost 13 000 (wages of carpenters and electricians, 72^ per hr; other 
labor, 53^ per far; lumber, 836-44 per M). A single stove or heater in living room kept whole house 
(9 100 eu ft) comfortable jCoutside tamp sometinies —42° F), with 1/3 to 1/2 the fuel consumed in 
neighboring non-insulated houses of same sise. Two-story bumsroube, 103.5 X 27.25 ft, with 8 -ft 
oeilings, accommodating 50 men in 32 bedrooms, 2 common rooms, and 2 bathrooms, cost 812 000. 
All heat for bedrooms came through doors or transoms from loiigit central halls (1 on each floor) 
having combined radiator area of 660 sq ft. For plans and some structural details, see Fib (60). 

14. PURIFICATION OF DOMESTIC WATER SUPPLY 

Jmpoiities in dooiestie water (33) are not all equally objectionable; prbbably many 
■upx^ea which are physiologically wholesome, or could easily be made so, are rejeeted for 
purely s^thetic reasons. Most objectionable features are turbidity, color, taste, odor, and 
pathogenic bacteria; ordinary hardness is objectionable for laundry and boiler supply, 
but not hygienically. Tubbiditv, most noticeable in river water, can be removed by 
stora^, coagulation, ot filtration. Colob is characteristic on water-sheds comprising 
swamp areas; produced also by deeomposition of vegetable matter in bed of reservoir and 
by of algos on watc” surface; seldom deleterious, but may become obnoxious at 

time of spring omd autumn "overturn," when bottoni layer of water, highly charged with 
'^organic Extracts, mixes with whole body of water in reservoir. C<dor may be partly cor* 
iwctodiby filtration,’ and entirely eliminated by chemical means. Tastk results fresnnamo 
utd'xJso &om presence of iron in excess of 1 pwt per million; iron can be 
rotttrvftd by aemtion followed by filtration. OnoBs arise from.same causes as color, and 
from i^raMnftet^ sswiiK^ and industrial wastes; they caq be corrected by storage, aelration. 
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or cbemicid methods; lor its offmudvenesB, wster hsvinc tBsiM shd odon toKf pro* 

duce pnly nssMsib^ phyaiologioal effSots. Habdiobss is known Is “temporary/* 6aloiuin 
or macn^um eorbonate b^d in solution by presence of COi, and precipitated when iatt«r 
is eiiadnatod by boiling or by addition of quick-lime; and “permanent/* mainiy sxilpfaatea 
and chlorides of calcium and magnesium, requiring more elaborate chemical pipcesses for 
thf^ removal. 

Ce n tsmi n atien by sewage, from hygienio atandpCint, ia not neoeaaarily oBjeetioaable of katif, 

. bat poeaibibiy is always present that domestic sewage may contain pathogenic germs, notably those 
of typfamd fever and cholera. These germs, when carried by water, are less tenacioUe of vitality 
than BACILLOB cou, which is always present in enormous quantities in human intestines apd 
those of some animals; hence, substantial absence of bac ooii is considered a sure indication that 
no pathogenic germs are present. Presence of chlobike, beyond that normally contained in domes¬ 
tic water near-seashore or salt-bearing springs or strata, is strong presumptive evidence of Contam¬ 
ination by sewage. Nitbooen in various compounds may result from vegetable decomposition, 
but ie generally considered proof of sewage pollution, and the nature-of its combination incUcates 
the probable length of time elaiising since introduction of sewage; the probable virulence of patho-' 
genic germs can then be deduced. Htages in decomposition of organic matter are: albuminoid 
ammonia, free ammonia, nitrites, nitrates. Hence, a high piupurtion of albuminoid ammonia in 
a eolorlhiM water indicates recent pollution; high nitrites, free ammonia, and chlorine occurring 
together are strong evidence of continuous pollution by sewage. Following figures, in parts per 
100 000 (Mass State Board of Health, show dilTerence between pure and polluted watw: 

Potable and Polluted Waters of Massachusetts 



Ammonia 

Nitrogen as 

Chlorine 


Album 

Free 

Nitrite 

Nitrate 

Boston, surface origin. 

0.0145 

0.0015 

0.0000 

0.0062 

mwm 

fipriTig8«ldf filterecl.... 

0 ooeo 

0.0009 

0.0000 

0.0039 

■IM 

Lowell, tubular wells. 


0.0377 

O.OQOI 

' 0.0162 


Blaokitons river, at Worcester. 

0 1286 

0.9320 

0.0084 

0.0158 


Hooeio river, below North Adams. 

■iViif.n 

0.0638 

0.0024 

0.0053 


Merrimao river, above Lawrence. 

0.0224 

0 0245 

0 0007 

0.0167 



Interpretation of nitrogen determinations should be made by a sanitary chemist, and 
cover a considerable length of time; remember that principal purpose of these determina¬ 
tions Is to indicate probability of presence of pathogenic germs. 

Total number of bactbbia is determined by microscopic count in l-cc sample, cSreful note being 
made of the number of times bac culi is observed in a eenes of such samples. Bac ooli may appear 
in 1 CO as often as once in 20 times (Cincinnati, 1912) without arousing apprehension of typhoid, 
'but the possibility of typhoid and cholera germs in polluted water must always be considered. 
In 1012, N Y water supply showed bnc coh once in every ten samples (1 oc) but death rate from 
tyifhoid was 10 per 100 000; at Baltimore, same year, bac ooli was found once in every 100 samples, 
typhoid death rate being 22. Bacteria, Imth pathogenic and harmless, can be nearly eliminated 
by storage and filtration, and completely devitalized by ozone or hypochlorites. 

Stofgge serves 2 purposes: (a) equalization of supply; (b) purification. For discussion 
of storage requirements under different conditions of rainfall, run-off, and consumption, 
see Sec 38; also Bib (34). 

Opinions differ os to necessity for stripping all vegetable mould from bed of a reservoir und«r 
oonstruotion, but tliis precaution probably diminishes opportunity for color and odor. Fes^voir 
should preferably be narrow and deep, rather than wide and shallow, so that fluctuation in water 
level between spring and autumn will expose loss area for growth of weeds. Supply from reservoir 
should be drawn from just below surface; if excess water can be wasted, it should be from b^Mitom. 

Purification by simple storage is effected by; (a) giving sediment (either natural or 
produced by coagulant) an opportunity to settle, taking majority of badteria 'with it; 
(6) diimnishing bacterial life by action of sunlight and air (bacteria can be almost com-, 
pletely devitalized by storage in open reservoirs for 48 hr); (c) expelliqg odors by action - 
of wind, and color by action of sunlight. 

I r ' 1 Vi 

Growth of Ahox is a drawback to extended storage, although its effect Is limited to now>'i 
deleterious production of color and odor; algie can be prevented by treatment witfa-CuSOt ff puli 
in. 4 tqi 10 miUion parts of water), or, in cose of small reservoirs, fay oovering tritlf light-prohlrji^. 
For recognition of the varieties of microscopio organisms eeuang tMtes w edbn, the propK^tloni 
of ^ttSO^ Toqinred to spppreei them, and methods for applyingTt, see Bib, (7^, Stople ImtsBio- 
tiW metood fot reservoini is to iow from a boat a bnrlB|» bag contaiidng CuSQi gtyst^ - - 
























. PTJKIPICATidN OF EKDMESTIC WATER SUPPLY ^**2^ 

. 

. AM»tioii» Bcoomidiali^ by f<Hmt(il]u,<CMcadea, or flowing ovw flam, is uaeful 
ing odors; also, when followed by filtration, for removing iron. ^ ’ 

Coagt^tton is a valuable bdip for curing turbidity and diminishing bao^fia, when 
followed by storage or filtration. Coagulant commonly used is alum, 1 gr per added to 
stream of water entering first storage reservoir. Coagulating reaction of alum requiieg 
presence of lime, which miut be added if not originally present in the water. 

Temporary hardness (35) can be reduced by addition of slaked lime in quantity snfteient to 
neutraiim the COz, wbiob holds CaCOt and MgCOj in solution (say 1 Ib per 1 000 gid water of 
10 B hardness). Water which is both turbid and hard, requiring an excessive amount of alum, 
can be mote cheaply clarified and softened by lime. 

Filtering (36), when properly conducted, will remove all turbidity, practicaUy all 
Imcteria, but less than one-half of color. Two general methods are; (a) slow sand filtration; 
(h) pressure or mechanical filtration. 

Sand filters. Construction: a shallow reservoir, with water-tight eidee and bottohi, is made 
of clay, or more advantageously of concrete, sloping towards one corner. Area may vary from 
HO (XK) to 40 000 sq ft; small bed requires more frequent cleaning, but can be more cheaply pro¬ 
tected against freexing; advisable to build at least 2 beds, for alternate cleaning. Radiating system 
of tiles with open joints is laid down, leading to discharge point. Tiles are next covered by 6-in 
layer of coarsely broken stone; 6 successive 2-ii> layers of crushed and scrciencd stone or gravel, of 
diminishing coarseness, are then placed, surmounted by a layer 30 to 40 in deep of sund. Best sand 
for upper layer is of clean, sharp quartz, 0.3 to 0.4 mm diam, and of nearly uniform size. Water to 
be filt^ed is allowed to fill reservoir to depth necessary to cause percolation at the desired rate of 
flowi say, 4 in per hr descending velocity; the slower the percolation, the more complete the removal . 
of bacteria. When upper layer of sand becomes clogged, its surface is scraped and removed to 
depth of 1 or 2 in; when thickness of sand remaining is reduced to 12 or 16 in, fresh sand may be 
added or the removed portions may be washed hydraulically and returned to bed. Clogging of sand 
filter increases in proportion to amount of turbidity to be removed and with excess of algss; in 
extreme oases, it is desirable to apply preliminary sedimentation, coarse filtration, or coagulation. ‘ 

Mechunical filters are more commonly used after preliminary treatment just mentioned. 
By admitting water under pressure up to 10 to 12 lb per sq in, percolation is much more 
rapid, up to 150 in descending veloc per hr, and, if properly controlled, is no less eflieient. 
Installation of mechanical filters should be supervised by specialist in hydraulic engineer¬ 
ing, and their operation must be continuously under careful control. 

Disinfection (37) is most advantageously applied to water which has previously been 
clarffied by sedimentation, coagulation, or filtration, for purpose of additional secuAty 
ggainst pathogenic bacteria. 

Liquefied chlorine has almost completely replaced other means for chlorination of 
public water supplies in U S (51) at about 6 000 plants treating water supplied to 70% 
of the country’s population, at cost estimated at 1|^ per capita per year. 

Liquefied chlorine costs (1939) 5.254 per lb, or 74-214 per million gal treated. Annual cost for 
repairs and maintenance of chlorinating equipment in 36 large cities (1024) was 3.6% qf invest¬ 
ment; at 71 smaller units, 7.6%. A small public-works chlorination plant costs about $1 000, and 
Still smaller and cheaper units for domestic or transient use are on the market. Most waters, even 
after aeration and filtering, contain organic or mineral matter the oxidation of which consumes 
chlorine, the reaction being 90% complete within 10 min at 20° C; this "chlorine absorbed" or 
“chlorine demand" must first be satisfied before bacteria can be effectively attacked, but the addi¬ 
tional quantity of chlorine required for the latter purpose is relatively small. Chlorine is usually 
added in such amount that rarely more than 0.2 part per million of water is present 10 min after 
tj^e application. Odors and tastes in disinfected water are probably due to chlorinated organio 
oompounds, and can be avoided by incre:tsing the dose of chlorine to, say, 0.3 part per million of 
Wfcter, test^ after 10 min. 

.* Other chlorination methods (51). Electhoi,ytic crlobine, obtained by eleetrolysia of sodinm 
chloride, has displaced liquefied cltlorine in some localities favored by cheap salt and low power 
costs. CunoaiDB of limb (bleaelung powder), averaging .30% available chlorine, is now mainly 
confined to small and isolated plants. The powder is first emulsified in water, kept in agitation, ud 
.fed automatically into the stream of water to be treated. Chlorine supplied in this manner is just 
as effective as liquefied chlorine, but the unavoidable addition of lime may sometimes be objMtion* 
aUe. Chloxami.vb is prepared by mixing ammonis water with bleaching-powder solution, in pro- 
^rtion of^l Ib free Nila to 3-4 lb free Cl; or NHa and CI4. both in gaseous form, may be injeet^ 
sepaca^y (NHz first) into water headers. Addition of Nils jmrmits more effective epplioatiou 
of chlotine, with less danger of producing tastes and odors resulting from chlorination of orgame* 
Cpn^OUnds. ■ Sodium hypochlobitb is convenient for sterilizing woter on a small soale, as in camps, 

, i^h-wjkter stea.ml^ts', etc. . ^ 

donfestio and oamfi service, a useful device ,(38) is a water-tight canvas bag, 80 in by 
28 in cleep, having loops at top for suspension and one or more nickeled faucets at b^tom. Chloride 
of Ifane ia pnt up in aeded glase.tubes holding 14 to 16 gr each (30 to 32% free chlt^ne). One ti^ 
wifiMH all pathogenic gerjos in 300 lb of water in 30 min, and .water is safe to dtiidc in 10 to 16 min. 



li2»-80 WAGES AIfi> WEtFAKfi 

a. ^ 

P«iraibl^;ta flitwr im«»r tinwvigh » dtrtb before troetn^eat... A aoiitnl or'alicbtly acid wate^n mon 
rapidly and eompletely aterilisod by cblc^ao than an Saline water. 

Acdvajlffd carbon (71) is a» affii^at aiiaorber of ImpariuM ipving rise to tastteand odors>' It is 
most often appUed in<powdered form, either wet or dry, requirlnsi apecial eauipinent due to iightaesa 
of the earbon and its resistance to t^ettiiw. When applied to an open reservoir^ preferably Within 
a day, following a CuSOs treatment, service shoold be interrupted for 24-49 hr white the earbew is 
stetling. When used in connection with biters, carbon may Im added: (a) aftM' ooagulatiom bhst 
where retiuired treatment ia alight or of infrequent occurrence; (6) before coagulation, giving the 
eatboa siom Ume to operate; desirable where raw waU is high ia organic matter, and oocurtenoe 
of teate or odor is frequent or continuous. Proportion of carbon consumed vsffies widely;'^ aver 
about 2 parte per million, or 10 lb per million gal. Granular carbon, supported on sand and' gravd 
within a pressure biter, is convenient at small water systems for remo'ving last traces of taste 
and odor from previously filtered water. 

’'Boiling is last resort to insure sterility of drinking water. All pathogenic germs are killed by 
bailing fi min; aome sponferoua vegetable germs require higher temp, but it ia not certain that Uiey 
are dangerous. Taste of boiled water is improved by aeration. 

Distilled water, though safe patbogenically, is physiologically unwholesome for oontinuohs use. 
A stHl can feadily be improvised by a tinsmith from copper pipes and pans, preferably tinned on.' 
■uifacea which come in contact with water (39). Evaporator can be heated by live eteam.' 


16. SANITATION 

Wastes requiring disposal are; garbage and domestic refuse, excreta, wash wat«’. 
Under favorable conditions, such as: porous gravelly soil, sloping topography, small 
'opportunity for stagnation of water, not tix> dense population, cool, dry climste, and 
water supply obtained under reasonable precautions against contamination, no serious 
difhoulty is likely to arise from following well known and archaic methods. In' absence of 
any of these conditions, disposal demands attention, and may become an engineteing 
proUem of importance. 

Garbage should be placed in covered and water-tight pmls, and collected at letet oncS a week 
ia covered wagons. It may then be buried in trenches, burned on stirface, at distance from town, 
or incinerated. Usually, enough inflanimuble waste is available to provide fuel for latter purpose.', 
X^ceat of garbage into hearth of incinerator must be retarded by baffiie rods, giving it a chance 
to dry partly. Bib (06) shows a well designed incinerator. 

'JBzereta. Only 2 methods of disposal should lie tolerated in a settled community: 
dty closets, or a system of sewerage, individual or communal. Latter system is expensive 
to install but cheap in operation. In many mining camps a communal sewerage system ia 
iihpractieable, because: (a) water supply may be inadequate for flushing; {b) extra liabil¬ 
ity of ground to settle makes difficult the maintenance of both water mains and sewers; 
(e) ignorance of many classes of workmen induces expensive repairs. 

Dry'^OBCt, an improve,i form of privy, may be the only available means of disposal in many 
mining towns. Where water supply must come from shallow wells, as at Mineville, N Y (40), 
the old form of earth vault must be abandoned. Essential details of construction; (a) Receptacle.^ 
galvanised irqn, preferably cylindrical for ease of cleaning, must be water-tight. (6), Seat should 
be only slightly liigher than top of receptacle, (c) Lid of seat so designed as not to permit it to stajy 
open, to admit flics. («) lleoeptacles removed through door in back, so designed as to faU tightly 
shut, (s) Adequate ventilation through screened aperture. (/) Door and window screened.. 
Coet of erection at Mineville, N Y, gl5 for structure, 93 for receptacle. OranATioN: Once a week 
in warm weather, twice a month in winter, full can is removed, covered with tight-fitting lid, and 
a cleaned, mupty can is returned to place. Full cans are then loaded on low wagon passing along 
alley in rear of houses, and taken to disposal grounds for burial, septic treatment, or {noinerati<gi. 
Cans are emptied, washed,- and dried on a rack. At Mineville, incinerator for disposiug of excrete 
from 238 famiU'es cost 9S00 to build; total cost of dispose averaged $1 per family per mo. Same 
plan h^ been adopted at Docena, Ala (Tenn C, I dc Rlt Co) and elsewhere (41). 

Sewage disposal (42). 'Where water supply is adequate for flushing and cost of laying 
aewers is not prohibitive, a system of sewerage is most desirable. Sewage can be disposed' 
of by dilution, irrigation, septic treatment, or activated sludge process. 

Dflation. If mixed with sufficient volume of water, organic matter in sewage decotn^- 
pbees into solids and gases, under combined action of sunlight and of oxygen absorbed Srom 
'atmosphtee. If flow of a stream exceeds 6 cu ft per sec per 1 OCX) persons ditehargiiiv 
aawage, objectionable conditions are unlikely to result: this refers only to oraatifin of .a 
nuisance and does not mean that a stream so polluted would be safe for water sdplily, dt,- 
gdir is variable between seoeons. or if its water has opportunities to stagnate, wiec- 
tionabie cotiditions may arise. Roughly spealdbtig, a stream triU pi^y 0.02 o£ its yohme 
git'sewage, iHit not 0,05. .„ ' 



AlLKlTATION 




with crude aetrace haa been practicedTor oantunea in Burope, f*** ItM ptnved 
aocceatful in many parta of western U S. Prime requiaitp Uf a porous^ aandy abllt nearly 
tovd in topbgraphy; leas porcua soil requires preliminary removal of aolia mattmr in neerafet 

by aedimentation or aeptic treatment (see b^w). 

♦* 

l^ihraca farm must be underdrained, preferably by tile pipes, 8 to 4 ft deep and 80 to 60 ft apart. 
In 'aver soil, 1 sore will absorb raw aewace from 300 penona, or 30 000 gal per day. Land muat be 
so arranged as to take sewage In rotation; it commonly flows for 4 to 10 days, followed by at least 
an equal period for drying. Berries or salads, eaten uncooked, should not be raised on sewage fanba. 

Saptic traatmont involves 2 ateps: (a) putrefaction, in absence of oxygen, whereby 
suspended solids are disiategrated and reduced in volume, and most of the organic matter 
is decomposed into NH4OH, CH4. and CO2; (b) oxidation, or “nitrification," in presence 
of air, whereby NH4OH is converted into HNOi, which immediately combinee with idka* 
lies, -normally present in sewage, to form nitrites and nitrates. 

Both processes depend upon bacteria, and oonsideimble delay may occur before thtir operation 
bepomea well eatabUslied. Putrefaction is stimulated by temp of 55“ to 75“ F, and absence of add* 
ity; nltrifieaUon proceeds best under following conditions: abundance of air, beet afforded by 
intermittent flow through poroiu bed; free ammonia not exceeding 0.05%; presence of alkaline 
base, preferably lime and magneda, but not in esoess; rapid drainage of final products; tempera¬ 
ture, the warmer the better. Putrefaction and aedimentation are conducted in “aeptic tank," 
the efSusnt of which ia lad away for nitrifleation on natural soil, or in artifloial filter or contact beds. 

Saptie tank for a small system is shown in Fig 7. Capac of sedimentation chamber 
gfapuld be equal to a minimum of 6-8 hr flow of sewage, while more than 24-hr capac is 
uxidemrable, because bacterial ac¬ 
tivity is retarded by accumulation 
of decomposition products. Flow 
should enter and leave this cham¬ 
ber with minimum disturbance of 
sludge and “mat." If sewage 
oontaina much mineral matter, as 
pavement washings, a preliminary 
“grit" chamber is ad-visable, and 
if grease is likely to be abundant, 

OS from a camp cook-house, a grease 
trap should be placed ahead of 
the septic tank. Univ of Kansas 
Eng’g Sta (74) recommends the 
dimensions in Table 8; those for 
the siphon compartment or “dos¬ 
ing tuik," discharging at a depth 
of 17-23 in of liquid, refer to a 
tjanlr from which the effluent is 
distributed by a lino of oiien tile 
(see below); for a sand Alter (rec¬ 
ommended for more than 20 per¬ 
sons) discharge capac of dosing tank should be such as to cover the Alter to a depth of 2 
in at each discharge, at intervals of 4-6 hr. 


Table 8. Recommended Dimensions of Septic Tanks (74) 


Fenons 

* 

Capac re¬ 
ceiving 
compt, 
gal 

Width 

Liquid 
depth (a) 

I/cngth 

Lin ft of 
distribu¬ 
ting tile 

Area of 
sand 
filter, 
aq ft 

Receiving 

compt 

Siphon 

compt 

-10 

500 

3'-0" 

4'-0" 

6'-0" 


150-200 

••sseeee 

11-15 

730 

3-6 

4-0 

7-0 

2'-6" 

295 


14-20 

950 

4-0 

4-0 

-6-0 

3-0 



•* , 21-25 

t 160 

4-6 

4-3 

6-6 

3-0 

465 

580 

,24-30 

1 360 

4-6 

4-6 

9-0 

3-6 

550 

680 

. ai-0 

1 700. 

5-0 

4-9 

9-9 

3-6 

680 

850 

41-50 

2 000 

5-0 

5-0 

11-0 

3-6 . 




' (s) Total depth ahouid allow 12 to IS-iu airspace above liquid. 

' **' ' 

' SIddge eomtittttee at meet only SO to 40% of wganie solid materisl entering with sewoger aver* 
aghlg ^n D 8> ^ to 20 tons (eamdng 00 to 95% water) per million gel sewage. It ie removed 


^Rclnforeeil concrete slab 
Pol ^Ctetern covers-^ bK >^5:jj 


Mi 





Fig 7. Septic Tank and'Siphon Pit 
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WAOKS AND W9I)FABE 


ftt long iatorvKtai bjr fading (ort1unugbbl(^ut,inlaig8riiwtolktioiw)>iBwidt^g«wii,'of1^4i¥iagi 
iran^g, ^ burning. ltd iartiliaiag ▼dla« id Ufi^. ' , „ 

Nitoiflmtioa. Bffluent frou septic tank may be wdl uned (or kiigation, on poroud aan4y doilL 
Samo nLTBB sgM, where natural noil ia auitable, are made by trenoHing (4 to 6 ft deep, Sd ft 
and. tiling an areg of about 1.6 acre per 1 000 peraona contributing sewdge. Surface, redoiirM 
oooaiBonal raking, to give uniform dia^bution of effluent over whole area. Where ami ia ndt 
auitable, artificial sand filter, reeemblinf water filter (Art 14} can be made, preferably with conemte 
walla and bottom,, with radiating open-joint tiles for discharging filtered sewage. Tilea am eoyerc4 
with 12 in ooafise gravel, 12 in fine grSvel, 12 in coarse sand. Area computed on basis of 1 acre ptf 
400 OOO gal per day or 0.5 sq ft per gal per day. Aver coat of maintenance (Maas), f7.60 per wiiPi pn 
jpd sewage treated. With sand filters, intermittent treatment ia essential, to permit ^oturia to 
obtain their necessary oxygen. In cold climates, filters must be covered with boards and earth, 
ai)d hav^ ventilators. Removal of sewage bacteria by sand filtering will be over 00% complete, 
undw ordinary care. Contact bed is a concrete pit filled with coarse stone, pebbles, coke, etc, 
iHth tile drains on bottom, leading to discharge. Septic effluent admitted from open-joint tiles 
upper layer. During treatment, organic matter ia decomposed by bacteria adhering to a gelattnoue 
film surrounding etonee. Beet depth ie 3 to 4 ft; volume 1 to 1.5 timea daily flow. To maintain 



Fig S. Percolating Nitrification Bed 


baeteiia in beet condition, bed is allowed to fill for 1 hr, stand full for 2 hr, drain for 1 hr, and stand 
empty for 4 hr, making 3 cycles per day. Pebcolating bed is similar in construction to contact 
bed, but flow of septic effluent is continuous; in small installations it enters through open-joint tiles 
(Fig fi); Jn larger ones through variety of sprays and nozzles. Filling is 1.5 to 4-in brokemlilag, 
coal, or,oinder8^ depth 4 to 5 ft. Percolating bed is cheaper to operate than contact bed, and wffl 
diapoae'of .over twice as much effluent per unit area; sand filter is more efficient than other types ilt 
removal of bacteria. Where soil ie porous, and no wells are closely adjacent,- concrete walls and 
bottom (Fig 8) may be omitted, and bed made in form of a long trench. Such a trench may be 2 ft 
wide and 26 in deep, and, on eloping ground, should approx follow a contour so that tiles may be laid 
on grade of not over 2-3 in per 100 ft. Bottom should be filled about 6 in deep with coarse stone 
on whioh 3 or 4-in tiles in 1-ft lengths are laid with l/g-in spaces; tiles are then covered with a few 
In of coarse stone and the trench finally back-filled. Recommended lengths of trench are mvep ia 
Table 8. Close approach to trees should be avoided to prevent clogging by roots; - if unavoidsUst 
tight-jointed Cl pipe should be substituted at that place. 

Activated sladge process (73) reverses the septic-tank procedure in that nitrification by 
mrobio bacteria comes first; system has been widely adopted for large and mediiun-eised 
communities, but exceptional circumstances, as in examples below, may justify the cost 
for plant and its operation on a smaller scale. Raw sewage, from which tdl solids coarser 
than about l/i6 in have been extracted, and to which has been returned a portiem of the 
sludge recovered by the next subsequent step, is vigorously aerated in a tank or a continu¬ 
ous channel,'either mechanically or by diffusion of comp air through a porous tuedium;. 
airrequired is 1-2 cu ft per gal of sewage; power, 20-40 hp to compress air to treat 1000 OOO 
gal pS> day. ' 

Borne meohanioal aerators operate with less power, but diffusion gives faster reaction C78)‘ 
After aeration for 4-6 hr, depending on strength of sewage, mode of agitation, and proportion of 
dudgs returned (the more of the latter, the shorter the time), oolloidal constituents bMomo floeeiS- 
lated end, upon settling, collect suspended fine solids, together forming a sludge strongly enriobrf 
with aerobio bacteria. Overflow from settlers is innocuous water. Of the sluchte here abstraotoii, 
10-^% is returned to the raw sewage entering the plant, either directly, or after reoeb^g addm,, 
asiration to inoreaso its bahterial activity. Remainder of tbe sludge, oontainiiu; up to 98^ shStSTr 
may bo'opread out to dry, in case of a small installation, but is best toansfnriNi to a dhlOotiop taojC 
boldly 3-4 months’ ou^ut, wbmn anaerobie decomposition ooours, stimuhtiAd by soediai .iflih | 
nghthdly doDOinpmed sludge or introduction of, espoeially active typos of hactena. .BlufigCwth^ 
tieofimpoead Is Woatly diminufaed in v<fl, dries rcftdily erhon tpri^ nn sand licds^ and b good 





















PISEASE0 EifCOUN'EBRBp IN MINING 

jlertOUaf. Gmm ev<dv«d' duHag difw^n of aliudco axO ri^ in CH4; at aome larca So/^b inaUl- 
saa aux^pUea the whole o|>eratu>c power. . J; 

fiitlinflaa (72).. iNoxAHoa, Quebeo> ia on a lake which afforda the only praetioabU aoutoe ol 
domeatio Whiter jand also the ntily natural outlet for aewage; extreme precauttoha are therefore 
neoeaaery. Watm ia treated, at 1OOO 000 gal per day, by coagulation, gravity titration, and 
chlorination, -fiewage, 760 000 gal per day, ia treated by activated sludge ayatem. A bar screen 
with 1.5-in apaoea catches about 1 ou ft of coarse refuse per million gal, which ia removed by hand 
aiui buMjed. A 5 by 3*ft self-cleaning 4ruin screen (Dorreo) .with i/x6 by 2-ia slots removes about 
4 on ft im million gal, or max of 40 ou ft per day of finer refuse; also buried. Liquid sewage is then" 
aerated and nilxified in activated sludge channels, supplied with comp air through porous tilea in 
bottom, takfiig 6 hr for treatment; it is then settled in a 30 by 10-ft clarifier, the ovcri.ow running 
into the lake. 6f the sludge, 20% ia returned as aeed to the nitrifiers; remainder, arter digestion 
in another otaiifier, is spread on aand beds to dry, and then goes to dump. Fli!« Fi.on, Manitoba, 
has 2 lakes, drawing water from one, and applying activated sludge treatment before discharging 
sewage into the other. Initial plant, treating 150 000 gal of sewage per day (pop, 2 .'iOO), was 
simUar to that' at Noranda, but sludge was dried on sand beds without further digestion. Latter 
step was to be included in a proposed larger plant; gases from digestion, carrxdng 70% CH4 and 
with fuel value of 550 btu per cu ft, were to be utilised for warming sewage to b^t temperature 
for nitrifioation. 

ToUeta. Following standard specifications for use in connection with sewerage sys¬ 
tems have been adopt^ by the U S Steel Corporation's committee on sonitatipn: 

(a) Closats should be located as close as possible to the work. (5} There should be a number 
of small closets rather than a few large ones, (e) Each toilet room must open to outside light and 
air. Minimum window space for a toilet room containing one fixture must be 4 sq ft, and for each 
additional fixture 2 sq ft. Windows must be designed to open. Each toilet, room to have not less 
than 10 sq ft floor space and not lees than 100 cu ft air space for each fixture, (d) Closets sbouldM 
separated from lookers aud wash rooms. (<) Unless wash rooms are nearby, each cloMt shoul^be 
supplied with at least one wash basin. (/) Adequate urinals should be provided in each closet, 
(g) Number of seats, one to every 15 persona, based upon max number of employees in a shift ia 
departments using the unit. (A) Closets should be of bowl type, of porcelain or china, not enameled 
iron. (0 Every bowl should be separately vented and trapped, (j) The seat of closet should be 
of wood or other non-heat absorbing material and varnish^ or painted. Seats should never be 
ironware or porcelain. (A) Opening should be at least 7 in wide and 11 in long. (0 There should 
be partitions between seats, 6 ft high and 12 in off the floor, (m) Distance between partitions 
should be not less than 30 in, and from front of seat to door not iess than 30 in. (n) Partitions and 
bowla diould be so arranged that ail spaces can be easily cleaned, (o) Toilets should be heated in 
cold Weather, (p) floors should be of glased tile or concrete, with smooth surface and Cove oorners. 
(a) Begular cleaning is necessary; disinfectant not to be relied upon, (r) Toilet paper should be 
futnished. For underground toilets, see Sec 23. 


16. DISEASES ENCOTINTERED IN MINING 

AokylostOfliiiagiB, an intestinal disease, is transmitted by germs contained in excreta; 
germs will survive for long periods in mud and water underground. Precauitonb; (a) pro¬ 
hibit indisoiiminate pollution of mine workings; (5) wash hands in clean water l^fore 
eating. Sytnptoms and treatment, see Sec 23. 

Sillcosig, a laceration of the lungs induced by breathing fine siliceous dust, is now 
believed to be due to solubility of silica in fluids present in the lungs. Dusts of coal, shales, 
‘and practically all rocks not having a vitreous quartz nature, have less direct harmful 
effect, but serioim danger arises through increased liability to contract other pulmonary 
diseases, even where acute silicosis may be absent. PRECAirrioNs: (a) adopt wot drilling 
methods, or (b) require workmen to wear respirators. Symptoms and treatment, s5e 
Sec 23. 

Malaria (44) prevalent in tropica is transmitted by sting of a few varieties of mosquito 
(gmus anopheles). These mosquitoes breed most freely in clean, running water open to 
sunlight, leas so in stagnant or marshy water, and practically not at all in muddy* water, 
as in dr^ge or tailinj^ ponds. The most virulent anopheles swarms just before dark and 
for 2 or 3 hr thereafter, is notoriously persistent in search for an opening in screens or nets. 
It can, be diatinguidbecl from other mosquitoes by its attitude of " standing on its head ’’ 
Wlulo folding. According to Watson (44) it rarely travels more than 1 /2 mile (unless carried 
Iqt a Ixreexe).'. 

|g slow sad oumulstive, and a sufferer usually has sufficient warmpg to enable him to 
meajM to more healthful oiimale. ilegularity in recurrence of ohills ia not so obaraoteri|tio of 
maMs so of other typee. Recognised preventive is quinine, which should be taken reg- 
ida^ on S^ng laio a malarial district; sulphate of quinine is more n soluble and therefore leas 
effective than faieidcditate. or hydroel^oride. * 



92-34 itAgbs AKD wiiirA^ 

Pt«TMitiott: 3 gt qtiihiiM befoM «iMh meal; ^avoi'd eoii«ti{»tloa, hyfmH, Aet <Mr iKsdtivWt If 
neeeaaary^ Biuld bcrases on hi^aat crotind avail»Me« remove fotiace in imraedinte vioinj^, eefeeti 
carefully, jmd drain moeqoito-breeding pools if poseiUe. SrMFTOMs: feveei or ohiSC aon^inea 
aceompani^ by violent vomitinc; In former case, induce active peftpiration yHth. bb^ lemonade, 
acetanilid or other an%yrtltic; in latter case, emp^ the stomacb ^th 30 gr ipecac apd much tepid 
water, followed by 5 gr soda bicarb. I'BKaTMBKr: 15 to 20 gr Quinine 3 times a day; more quinine 
than sufficient to induce dissineea ia not necessaty. Promote movement of bowda by 10 gr oalomd 
ndxed with equal weight sodium bicarb, taking 0.25 of mixture every 20 min. Six bourn after 
. oalpmd, take 1 os magnesium citrate fn water, followed 2 hr later by 20 gr aidnine."' Fetienteahoidd 
remain in bed at least 1 week, taking 30 to 35 gr quinine per day, in 2 or 3 instaUmente, and 
tinned until 25 daya paea without return of fever. 

. Typhoid (45), an intestinal disease, is transmitted by a iMusilluB in food and driide, but 
(unlike typhus) probably not by contact. 

Preeautione: Doubtful water should be boiled, or distilled, end milk sterilised on least suspicion. 
All refuse should be incinerated, especially excreta from a typhoid patient, aU of whose clothing, 
bedding and utensils must be disinfeoted. General and individual cleanliness, particularly in coiv 
nation with preparation and eating of food, is important. Symptoms: headimbe (frontal), ohilU- 
neee, languor, increasing in severity; followed by dry hot skin and great thirst; tongue dry, with 
brown or dark yellow coating; pulse weak and rapid; later, pale red isolated spote, like flea-bites, 
appear on chest or abdomen; fever 102“ to 104“ F, tmuolly entailing coma or delirium. Sraezne 
TnnaTMBNT unknown. Liquid diet, principally milk, foUowed by meat broth after middle of second 
week; etimulante if necessary. Cold water or tea may be taken in large quantities. Cool baths or 
sponging with alcohol, or wrapping in wet sheet, helpful for reducing fever, except in case of compli¬ 
cations or weakness. 

T«|low fewer (45), ueually an epidemic, is a mosguito-bome disease (carried by Ste- 
gsbiyia faseiata) particularly likely to attack newcomers into countries where it occurs. 
Promoted by high temp, low barometer, lack of cleanliness, and impure water. One attack 
^{enerally brings immunity. 

Symptoms: Invaaion usually sudden, denoted by chills or convulsions vdth severe headache, 
pain in back, constipation, and vomiting. Urine scanty. These symptoms last 2 to 6 days, when 
oonvaleecence may begin, or the disease proceed to third stage marked by vomiting of disorganised 
blood (black vomit). Blood appears in stools and urine and may exude from mouth and nose. 
Stupor becomes marked and skin yellow. Kecovery from third stage is rare. Tbbatmbnt: quaran¬ 
tine and thorough disinfection are necessary. At beginning, complete reet and hot mustard foot- 
baths advisable. For fever, cold sponging and application of ice. Liquid food in small quantities 
at frequent intmvals. Black vomit is restrained by entire rest for stomach, counter-irritation of 
abdomen and fixing nnudee by broad pad. 

Cholen (45) is an epidemic caused by bacillus infesting intestines, which enter only 
with food or drink. Contributing causes: gastric derangements, excessive heat, and lack 
of cleanliness. 

Symptoms: invasion is always eudden, consisting of painful griping and spasms of muscles of 
abdomen and dalveB of legs, with coldness of surface and extreme collapse. Diarrhesa is pronounced, 
becoming more frequent and consisting of whitish or brownish fluid. Temp sub-normal, pulse weak 
and rapid, drawn appearance of face. Urine partially or wholly suppressed. Duration of disease 
nmy be as short os 2 hours, but in fatal cases death usually ensures on second or third day. Tbbat- 
iMMt: in first stage, enemas of opium and tannin, with stimulants; wrap in hot blankets, bathe 
several times daily in disinfectant solution. Diet, thin porridge exclusively. During eonvalescencOii 
oareful nursing necessary. Isolation and disinfection of dejecta essential and persons in infected 
area'i&ould use extreme care about cleanliness and moderation in food and stim^dants. 

Scurvy (45) is a derangement of the blood, most commonly encountered in arctic explor¬ 
ations, suppos^.to be caused by lack of fruit and vegetable acids and potash salts. Indi¬ 
cated by blood clots under skin, ulcerations on skin or mouth, tongue and gump swollen 
smd ulcerated. Hemorrahages frequent, fever usually absent. Symptoms can be modified 
by increaring ration of fresh vegetables or fruit; onions and lime or lemon juice are partiq- 
ttlarly behefioial. 

' Troidcsl cemjdaints, in general, may be alleviated by observance of following sUggeationa (46): 
(a) Before making a first visit to tropics, consult physician; those afiSicted with chronic weakness 
of stomach or liver are most liable to diseases. (5) On arriving in a malarial district, begin taklAg 
quinine (see “Malaria") lor its tonic and prophylactic efieets; (Warburg’s Tincture, liquid or in 
capeules, is excellent), (e) Build houses on highest available spot; raise a few feet from ground; 
cut grass and underbrush from immediate vicinity, and screen bouses against all inseoW. Around 
a permanent camp, drain pools and other breeding places of mosquitoes, (d) Diet should by hght,, 
snd'compoesd largely of fruit and vegetables, freeh if possible; meat tnay .bu I'ednced toBnuA 
amount,' aiuiireeh killed meat should be secured^pt any reasonable cost; siqidl rmrigeratink idpnt is 
a ii»tifiii>le mpense where practicable. Variety of food and resaoitable supply of table luxdritii 
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«« importa&t, becauM appetita Is Ukrty to ba weak, (e) Water should be boiled or distilled. 
(/) Osoit liquids entirely; this is partioularly important, beeause aloobsl retards nor|nal prophy¬ 
lactic action of the blood. (£) Protect top of head and back of neck from direct heat of suit;' arrange 
working hours to permit siesta daring middle of day. (k) Provide enough light-weight clothing to 
permit frequent changing, and do not allow wet clothing to dry on the body, (i) In short, the care 
of one’s health, under condition which are known to be unsalubrious, and where failure of an entire 
undertaking may result frdm incapacity of one individual, deserves more serious attention than it 
usually receives in the temperate sone. 

Snake bites. Tie ligature as quickly as possible around limb above the bite. CJut deeply enough 
to start flow of venous blood from the bitten spot, aided by sucking, if possible, which may be done 
safely unless mouth has an open sore. Apply strong solution of potassium permanganate or biobro- 
mate. Purpose of alcoholic liquor, usually recommended, is to stimulate heart action and counteract 
narcotic effect of the poison. 
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MINE AIR, GASES, DUSTS, HYGIENE, EXPLOSIONS, 

AND ACCIDENTS 

1. ATMOSPHERIC AIR 


Table 1. Composition of Pure, Dry, Normal Atmospheric Air 



Symbol 

By volume 

By wciglit 


Oxygen. 

■nHHH 

20,93 

23.024 

Percentages of these constitu- 

Carbon dioxide. 



0 040 

cuts are lower when water 

Nitrogen *. 



75.499 

va:>or is present, as is always 

Argon. 



1.437 

tlie case under normal condi- 


■■ 

1 100 00 

100.00 

tioiis 


* Tnoludcfi (iniall amounts of rare gaaes behnviuK, as does urgoii, like N; hence, ordinarily 
grouped unde» N. 

■f Haldane (Jour of Hygivnr, Vol 2, p 241) states percentage of CO* at about 3 ft above the 
jjround, as varying from 0.023 by day to O.fiSA by night; mean about 0.030%, In large towns there 
u more COj. In a London fog KusHell found 0.14% COj. 

t According to fiir Wilham Itamgay. 

Weight of dry air. At sea-level proas (14.7 lb per sq in), 1 atmosphere »=• 760 mm or 
approx 30 in merrury barom; wt of 1 cii ft, 0.086354 lb at 0° F, and 0.070914 lb at 100® F 
(Sec 39, Art 9). Dry air is subject to the general laws of gases. At constant temp its 
density increases directly as the press. 

Bumidity. Aqueous vapor is always present in the atmosphere, the quantity depend¬ 
ing on climatic and local weather conditions. The percentage of saturation, except in 
arid districts, is rarely less than 35%, ranging to 100%. 

Presence of moisture in n given space is independent of presence or absence of air in that space. 
Therefore it is nut technically correct to say that nir is moist, or dry, but this is the common mode 
of expression, and in mining practice it is convenient to say the ventilating current or the mine 
air has a certain relative humiditv, or carries a certain wt of water vapor per 100 000 cu ft of aJr 
in the current (1, 64a). Quantity of moisture present is chiefly dependent on temp; press and, 
other things being equal, the higher the temp the greater the quantity of water vapor, if water m 
present to furnish vapor. 

Absolute humidity is the quantity or wt of aqueous vapor present in a imit of spare. 
Aqueous v^por is saturated w'hcn, at the vapor press, the space contains the maximum 
quantity'. If vapor is partly 8aturate<l, the percentage of saturation is termed relative 
HUMIDITY, which is the ratio of the wt of t'apor present to that necessary for saturation. 
It may lie measured by hygrometers (psychrometers) which have 2 thermometers, one 
tenned “ dry bulb,” the other ” wet bulb latter has tight thin muslin cover over bulb, 
kept wet. Evaporation by air current or by whirling cools and “ depresses ” “ wet bulb” 
thermometer in geometric proportion to decrease of relative humidity of atmosphere. 

Mine air, beside normal atmospheric constituents, contains moisture, gaiseous impuri¬ 
ties and dust (Art 2). 

RelatiYe humidity varies widely in different mines and different parts of a mine, and 
is important in connection with ventilation (Sec 14). Relative humidity of intake air 
varies with changes in humidity of the outside atmosphere. When intake air is colder 
than the mine walls, it becomes warmed and its humidity decreases; when warmer than 
the walls, as in sununer, it is cooled and its humidity increases, usually above the satura¬ 
tion or dew-point, in which case moistui'e is deposited. Tliis effect may extend far from 
the mine entrance. 

In some coal mines water aprays are used in warm weather to cool and thus condense moisture 
in the Intake air,’and in some deep, hot metal mines, as at Butte, Mono Velho, Brasil and la South 
Africa, intake air is dehumidified to improve working conditions (See 14). As the temp of ;^iie 
walls generally varies but little from summer to winter, the relative humidity changes in different 
parts of a mine with dryness or wetness, and the extent to which spraviag is sppred. 

2S>03 















ATMOSPHERIC AIR 


23-03 


D«w>i»oi&t i« the temp «t v^oh drops of -risible moisture form from eatumtdil vapor. 
Psychrometric formuU, employed by the U S Weather Bureau for determinmc relative 
humidity, and the temp of dew-i^ints, is: - 

e - e' - 0.000367 P ((-<') f 1 + 

\ 1571 

where t and (' ate the temps of the dry and wet-bulb thermometers; P is the corrected barom presa, 
in; s' is the max or saturation press of aqueous vapor at temp t' of the wet bulb; and e is the presa of 
aqueous vapor corresponding to observed temps t and t'. Weather Bureau tables (3) are too 
extenai-ve for insertion here. Fig 1 shows curves of equal wta of water vapor per cu ft and C"r.C3 
of equal depreeuons of the wet bulb for varying temp and relative humidities. 




Temperature, deg Fahr 

Fig 1. Fsyehrometric Chart. (Full lines for 30-in; broken lines for 23-in barom) 


Example of use of chart. Required relative local humidity and wt of aqueous vapor at barom 
press of 30 in. Take temp readings of dry bulb t and wet bulb (' (if sling psyebrometer is used, 
readings are made after whirling). If t — 68" and t' — 60", < ~ i' “ — wet-bulb depression. 

Follow the full-line wet-bulb depression curve of 8" from the right until it intersects vertical temp 
line 88; then, relative humidity, 66%, is read in left-hand margin opposite point of intersection. 
Wt of vapor per cu ft is found by noting the curve (or interpolated curve of equal wt) which passes 
through point of intersection; in this case, 3 grains. At a high altitude, where barom press is, 
say, 23 in, temp 58®, and wet-bulb depression 8", the broken line curve of 8" is followed until it 
intenects temp curve 68". Relative humidity in this cose is 61%; weight of vapor, 3.2 grains. 
For other barom pressures it is necessary to interpolate, or refer to complete paychrometrio taUes 
<2), Barom readings for different altitudes are given in Sec 37. For wt of dry air and water 
va^, aee See 39, Art 9, 10; for wt of mixtures of gases, see Sec 14. 

Pgyehrometer. To determine the difference t — t'. between wet- and dry-bulb temp, 
the sling, or whirled psychronieter, is the most accurate instrument. It is swung to give 
the -wet bulb a veloc of not less than 15 ft per sec. It is easily used, but is fragile, and 
UiM^fore less suitable for minea than those having protective frames. A form designed 
by Bui- of Mines (Fig 2) has tbemiometers attached to an aluminiun frame. It has a 
leather caae, with aluminum liner and shoulder strap. In whirling the psychrometer. 
observer stands sideways to air current, and if in open air should shade instrument from 
sunshine. Testa are repoated several times to insure lowest reading of wet bulb. When 
temp is below freezing, whirling must be continued for a time after wot mudin cover of 
the wet bulb freezes, as vapor from ice is given off slowly. SrA-noNABr fstcrromstbss 
(bygrotneteni), while not so dependable as the whirling type, are useful; those having a 
wet Dulb ere faitly accurate in a strong current of constant veloc. Recording hygrometers: 
one type utihzes chani^ in length of a hmr corresponding to dumges in humidity, another 
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employs differential expansion of large metal bulbs, wet and diy, to operate a scr^ng pen. 
Stationary hygrometers, if obeoked by whirling psychrometer and adinstedi^^ically, im 
useful to determine hygrometrie condition of an artificially humidified ventilating ourrmt. 

, Kata thermometer, for measur- 

ti . ing cooling power of the atmosphere, 

gives a better index of physiological 
conditions of atmosphere than the 

{i hh* -j wet- and dry-bulb thermometer. 


-s^ 


rat M amtn TabM m Cb»pi 


l L "ys gi i S= 


•* 




i—igi-J 



Hntai Is XbmMBMn Xl|^ 


It is a large-bulbed spirit thennoiiie> 
ter, graduated between 100* and 98* F. 
The bulb is heated in hot water (thermoe 
flask may be used), then dried, eue- 
pended, and time of cooling from 100* 
to 98* token with a stop watch. The 
number of seconds divid^ into a factor 
number (approx 800, and determined 
for each instrument) gives the cooling 
power for convection and radiation on 
the surface of the Kata. Operation is 
repeated with a muslin fingerstall on the 
bulb, thus obtaining the wet Kata cool¬ 
ing power due to evaporation, radiation 
and convection. The difference is the 
scvArouATivii coouMo powni (3). The Kata is widely used in Great Britain and its colonies, but 
in the U S is not preferred to the wet- and dry-bulb thermometer, with record of air veloc. 


Fig 2. Bureau of Mines Psyohromster 


2. CONSTmJENTS OF MINE AIR 

Mine air differs from normal atmospheric air in the extent to which it is contaminated 
by mine gases, or normal percentage of O is depleted. O is absorbed by breatiiing, rapid 
and slow oombustion or decay, and by the mine walls. Impurities come from exhalations 
Of men and animals, blasting, fires, or explosions, bacteriological action, and gases from 
strata. 

Quality of mine air may vary widely in different parts of same mine. In a mine not artificially 
ventilated, variations in temp, and influx of gases and water from the walls, cause air currents. 
Ordinarily the composition of mine sir is largely controllable by systematic ventilation (Sec 14). 
Recent laws in Great Britain and elsewhere require a certain minimum percentage of O, and Unfit 
the maximum of deleterious gases in the air (Art 6), as opposed to the older coal mine regulations, 
which specify certain quantities of fresh air per min to be circulated. 

Normal mine air is air considered not injurious to breathe, and which does not contain 
dangerous proportions of inflammable gases (Art 6). Its composition varies but little 
from that of the open atmosphere (Art 1). 

Oxygen (O) is vitally important for animal life; it forms about 20.93% of the atmos (dry basis) 
and is slightly heavier than air. One liter of O at 0* C and 760 mm weighs 1.429 gm. At —118* C 
it may be liquefied at 80 atmoe (738 lb) per sq in. Liquid O boils at ~ 183* C, at 760 mm. O has 
strong affinity for most elements. Slow combination is caUed oxidation; rapid oxidation due to 
flame or heat is termed combustion. Self-generation of flame by rapid oxidation is caUed spon¬ 
taneous combustion. When air is mixed in certain proportions with carbonaceous or other inflam¬ 
mable dusts or gsses, and a spark, glowing piece of metal, or a flame is introduced, an explosion wfll 
probably take place. O has neither color, taste, nor odor, and can not be distinguished by the 
senses as different from sir. In well-ventilated mines O rarely falls below 19%. In some collieries, 
oxidation of coal and roof shale may be so rapid that spontaneous fires result. Pyrite, generally 
present in coals that fire spontaneously, may assist, but spontaneous combustion may occur in its 
absence. Coal and carbonaceous shale absorb O wthout formation of a molecular equivalent 
proportion of COi. This action is more rapid with coal and shales in mines especially subject to 
“gob fires." In these, if the ventilating current is slow, the O content often falls to 18%. For 
physiological effect of O and of O defieienoy, see Art 4. 

Ifttrogea (N) in volume forms nearly */i ot the earth’s atmos. It is colorless, odorless, and 
tasteless; has little ohenfioal affinity for otl^ elemmits. At ordinary temp it is inert, and will 
not support life; acts as a diluent of ■ ther gases. An important feature is its fabulty of promoting 
the growth of certain bacteria, thus enriching soils. It boils at —198* C, whereas O boils at —188* 
O; hence, when liquid air is exposed to the atmos, the first portions that evaporate ore richer in 
N than in O. Thk faet is token into account in using liquid-air roseue apparatus (Art 10). 

Aifoa forms 0.94% of the atmoe. It is hearisr tlm N ^ gr « 1.88}, ai^ faehavss esoanttaHy 
like N, b«i« grouped with it in wdinory analysis. 
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S. C<M&pon«iiti of Noniol ond of Imimro Ifino Air 


Qt » moleoular ivt, ^hea O — 16; if * ap gr'with air as a&ity, at 0* C (32° F) and 760 mm or 20.621 in 

mercury; e •• botlinc point at 760 mm.) 



(») 

(6) 

(c) 

<d) 

(•) 


N«tne 

L 

Chem 

symbol 

Moleo 

wt 

Gm 

per 

liter 

Spgr 

Normal 

boiling 

temp, 

degC 

Usual aouree in mines 

Oxygen. 

0, 

Em 

1.4292 

1.1055 

Bi 

In atmosphere 

Nitrogen. 

N, 

EX3 

1.2514 

0.9673 

BE] 

« < «• 

Carbon dioxide. 

COj 

44.00 

1.9768 

1.5291 

- 78 

In atmos., in excess of normal 
0.03%, from blasting, oxida¬ 
tion, mine fires, emanations 

Carbon monoxide. 

CO 

28.00 

1.2505 

0,9672 

-190 

Blasting, mine fires 

Nitrogen dioxide. 

NOj 

46.01 

2.0549 

1.5895 


Burning of uitro explosives 

Methane. 

CH4 

16.03 

0.7159 

0.5545 

-ioi 

Emanations from coal measures 

Btbane... 

CjH, 

30.05 

1.3567 

1.0494 

-89.3 

Component natural gss 

AeAt^leM. 

CjHj 

H, 

26.02 

1.1621 

0.9056 


From carbide lamps 

Mine fires, explosions' 

Hydrogen. 

2 016 

0.0S9S 

0.0695 

-253 

Hydrogen sulphide... 

HjS 

33.98 

1.5392 

1.1906 

- 10 

Explosions and rarely from 
springs 

Sulphur dioxide. 

SOj 

64.07 

2.9266 

2,2638 

- 10 

Combustion of pyritiferous ores 
or native sulphur 

Aqueous vapor. 

lIjO 

16.02 



100 

In atmos and from evaporation 


Component elements of some of the gases named above 


' Solid elements 

(a) 

(6) 

g 

(d) 

(e) 


fiiilphiir. 

S 

32.07 


1.98{x) 

440 

I'''rom pyritc in ore or coal 


C 

12.00 


7 1-2 % 

(*) 

From coal, methane or timber 



BHI 

'V) 


X ep gr with reference to water at unity; j/ — sp cr of graphite with reference to water at 
unity; t, oarbon is known only in eoiid form. Wt of 1 liter of dry air at above temp and press 
is 1.2932 gm. 


Gaseous impurities in mine air. Common impurities (Table 2) and sources of pollu¬ 
tion are as follows: 

Carbon dioxide, or carbonic acid gas (COi), occurs in the earth's atmos in remarkably 
constant proportions, except in and near cities and manufacturing plants; kept constant 
by plant life, which takes the C for its tissue, and gives off free O, In mine air, when in 
excess of the 0.03% in normal atmospheric air (Table 1), it is a product of both slow oxida¬ 
tion and rapid combustion of carbonaceous substances. Hence in closed places and 
in mines the percentages of CO* vary. It is colorless, odorless, and will not support life 
or combustion. (For physiological effect, see Art 6.) It is a variable (xinstituent of black- 
damp, which sometimes has a musty smell due to decay of timbers and to fungous growth. 
BnacKDAMP is due to slow oxidation and to absorption of O by coal, causing excess of N, 
and hence is composed chiefly of N, with 1 to 20% COj (rarely over 12%, as it is absorbed 
by mine water; never CO* alone, as sometimes assumed). CO 2 is an important constituent 
of aftekdamp, produced by fires or explosions of gas or dust. “Blackdamp,” “After¬ 
damp,” “Firedamp" (miners’ terms) are of variable composition (Art 15, 17). 

CtVf is given off in some metal mines, by the dissolving of limestone, or from carbonate minerals. 
The latter may be the cause of COj, which sometimes gives trouble in mines at Tintic, Nev, and 
Cripple Cr, Colo, requiring bulkheading and increased air press to force the gasea back into erevicee. 
Violent COj outbursts, blowing out highly pulverised coal dust, occur in collieries near Alais, 
France, and in lower Silesia (12). Origin of the gas, though not definitely known, is probably in 
limestone strata below the coal measures, which have been intruded by igneous mogmu that beat 
the carbonates and form cracks, through which COj has entered so-called "nests'' in the coal. 
COj is a stable gas, but can be reduced to CO by burning coal, or charcoal. Its percentage ohangee 
through abeorption by percolating water, by disappearance of O of the air, by reactions between O 
and eoal, or timber frarely by inflow of COj from etrata), by supplanting of oririnal atmos, by 
ingress of CH* and to a alight extent by abeorption of COj by eoal. Water at 0 C abaorba 1.71 
of its vol of COj. Sp gr, 1.629; boiling point, -78" C; may be liquefied at 0* C by a pressure of 
36 atauM. Critical temp, 31* C; critical press, 77 atmoe. If the liquid is allowed to escape freely, 
' evaporation cools the remainder to a soUd which passes directly to gaseous state. 

Ciffbon flBOiio^de (C30). Appreciable quantities are produced by imperfect combua- 
tkoi.; CO 9 is leduo^ to CO by incandescent C at temp above fiOCHXK)" C. The 
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higher the tionp in pnaenoe of exoms C the mote mpidly ie CO produced. It is incidentally 
formed to oonsidemble extent in furnace firing. With bad firing or wrongly designed 
fumaoe it is in excess in chimn^ l^ses. It is the important constitaont of artifidal fuel 
gas, of water gas, and of blast-fumaoe gas. 

CO is colorless and inodorous. Mixed with air in proportions of 15.5 to 75%, tbs mixture will 
explode if ignited. Combustion formula: 2 CO + Oj 2 CO,. lawinoN txmp is about 600‘ C. 
CO burns ip air with blue flame, but in miaee is never found separated from other gaseoua products of 
combustion; and, as unoonaciouBnesB would ensue after a few respirations when over 0.5% is 
Resent, tbs old ides that a miner unprotected by oxygen breathing apparatus could detect its 
preeenec by a flame "cap” in a safety lamp, is fallacious. Probably its association with steam and 
light-eolored smoke in fumes from mine Ores led to.its being termed whitkdaup. As CO may be 
present in quantities dangerous to life, when there is no steam or visible fumes from a fire, or in after¬ 
damp of an exploeion, the term is misleading (Art 5). A portable CO detector, much used by reectM 
erewe, is graduated from 0.05 to 1 %, and has a bell alarm which rings when CO reaches 0 . 2 %. 

HltiOtti fumes (NO 2 ,N, 0 ,) not normally found in mines, are sometimes produced when mtro- 
glyoerin explosives accidently burn instead of detonating; then reddish fumes are produced, 
very dangerous to life (Art 5). They have the smell of fuming nitric acid, even when greatly diluted. 

Methane or marsh gas (CH 4 ) is the most important of the dangerous gases. By 
miners it is termed fibxdahp, or simply “ gas,” but as these terms are used whether or not 
' other gases and air are present, they are not syuonymous with the term methane. It is 
commonest in coal mines; also found in tunneling in carbonaceous shales and sometimes 
infiltrates into metal mines at contacts or near carbonaceous rocks (.Art 3). It is colorless 
and odorless: its occurrence in old workings of collieries, where air is musty from decaying 
timber, has given the idea that it has an odor; it bums with bluish flame. Even when air 
contains as little as 1% it is visible in flame of a safety lamp, when wick is drawn down, as a 
faiut conical blue cap (Art 9); at higher percentage the cap becomes larger and more 
distinct. Effect on a flame of normal size is to cause it to ” spire,” or lengthen. When 
above 5.0% of the mixture and less than 13.9%, the mixture will explode if ignited. M'ax 
violence is attained when CH 4 is 9.4%. (Table 2 a.) 

J, S. Haldane statea a mixture of air with 7.5% of CH 4 , which explodes violently at atmoe 
prees. can not be exploded if the press is reduced to 200 mm (8 in of mercury). G. A. Burrell found 
that increaeing the press to 6 atmos did not affect the low limit, 5.0%; also that if the mixture of 
CH 4 and air be heated to 500° C, the limit is lowered to between 3.76 and 4%. This lowering of 
explosive limit may be an important factor in the propagation of a firedamp, or coal dust and 
firedamp, explosion. Formula of combustion; CH 4 + 2 O, CO, + 2 HjO. Volumetrically, 
1 vol CH 4 requires 2 vols O or about 10 of air, producing when ignited 1 vol CO,, 2 vole aqueous 
vapor, and the unchanged 8 vole of N. Temp of ignition is 650° to ^50° C. If the burning gae is 
cooled below ignition temp, the flame will go out. On this principle is based the eonetruotion of 
safety lamps. 

Ethane (C,Ht), propane (CsH,), butane (C 4 Hio),and other heavier gases belonging to 
the CH 4 series, are components of ” natural" gas, and are not normally found in col¬ 
lieries. They have a pronounced crude oil or natural gas odor, which, apart frenn the 
analytical information, gives warning that there is probable leakage from a neighboring 
gas or oil well. At the Bruceton (Pa) experimental mine it has been observed that the 
odor is very strong on entering a place containing 1 % ” natural ” gas, but a person breath¬ 
ing it for some time no longer notices the odor, l^ition temp is 520° to 630° C; hence 
leas than that of CH 4 . 

Ethane ie found in gases contained in certain coals, as in B C and Belgium, and in much smaller 
proportions tb.,n the accompanying CH 4 . Due, probably, to its greater density, it diffuses less 
raxHdly through coal in situ than CH 4 or even C<^ ( 12 ). 

AeetFlene <C,H,) is not found in mines under uatursl conditions, but is sometimes given off 
in smaU quantities from unligbted or extinguished acetylene lamps, or from accidental spilling on 
wet ground of calcium carbide (from which it is produced bs' agency of water). When mixed with 
air in peroentages between 2.5 and 73%, the mixture is explosive. It ignites at a temp of 483° C 
(600° F), and can be ignited by a glowing pipe or cigarette. 1 lb of pure carbide yields 5.5 cu ft 
C,H,; oommercial carbide about 4.6 cu ft. It is colorless and tasteless. Combustion formula: 
CiH, 4- a O, - 2 CO, + Bjp. 

^dragon (H) is not found in mines under normal conditions. It occurs in afterdamp from 
eoal<«imi oxidosiona, as a distillation product of the hot excess dust, after the explosion flame hog 
pssmdy and from coal fires as a product of destructive distiUaUon, H is the fittest gas, 1 litsv 
vs^l^finc 6.0895 gm. Ignites at 560* C, and bums in air with a blue flame. Mixed with air it i« 
amdMdva between 4.1 and 74.2%. Combustion formula: 2 H, + O, ■* 2 H,0. 

Bydrogoa solphUa (H,S) boa been found, though rarely, issuing with CH4 from gM "blowers’* 
or "feeders'* in coal mines. Being soluble in water, it ie sometimes given off by stagnant water.*' 
Opoasionally detected by analysia in email quantities in afterdamp from eoaPdust exploeionei and 
%: ftimOi from fires in eulphuroua oeaL It hsa Um odor eff rotten eggs, is very pcskonuus, and bfiras 
,#a4r with a pala blua flame. 
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Solpbor 4lasld*.(SO|) k found ia ooal minw oaljr aa 4 leaMr component aftcrdktnp, but is 
•ttlphur miam and ia nia« having rieti aulphida orw ia which ilraa have atarted, 80| gaa baconak 
a aarioua factor. Vary aotuUo ia watar, cdorlam, and baa aguffocating ana^ 

Diffugioa of i^oi ia a fundameatal principle in the ventilation of mines. Gases 
diffuM' into air at rates in inverw ratio to the square rodts of their densities. 

Density of CH 4 is about S and of OOt, 22 ; rate of diffusion of CR 4 as compared with C0| k aa 
4.7 to 2.8. or nearly twice aa rapid. Pru^an Firedamp ^mmiawon made aome testa, admitting 
authane through a top inlet into a compartment of a gallery in quantitica eorreeponding to 3 , 4, 
and Bi%i diffusion proceeded alowly, was nearly complete in 3 hr, but not entirely complete until 
4 hr. i^en diffusion k mmjdete gases do not again separate. Diffusion k greatly aaskted by 
mechanical air currents. If gases pass through a fan, aa in case of an underground fan. the mixing 
is immediate, judging from tests at the Bruoeton mine. When CH 4 k given off at the face, it 
immediately lises to the roof owing to its lightneas, and if the outflow continues, a body of gas k 
likely to coUeet in high places, unless in a strong current of air. In such case, while gas is diffusiag 
into the air along a bottom plane, if it flows in faster than the rate of diffusion the high place will 
continue to be filled with pure CH 4 . A. somewhat similar condition exkts in pillar workings or 
old gobs where the roof strata emanate firedamp and the presence of bodies of gas in old workings 
constitutes a menace when the atmos press suddenly falk (Art 3). Teste by British Safety in 
Mines Research Board on movement of CH 4 in a mine passage showed that a stream of it will 
flow along rikc roof if indined upward at 1 vert to 10 horis, against an opposed air current flowing 
slowly along the floor. Thk indicates the alow diffusion of CII 4 in absence of agitation of the air 
and gaa currenta ( 88 ). 

Table ia. InfiUunmability Limita of Methane, Ethane and natural Oaa 

(87% CHj) in Air Mixture (4) _ 

i Lower Upjw 

limit limit 


Mixtures tested in tubes, ignited at bottom: 

Methane, tube eloaed at upper end, mixture dry. 5.24 14.02 

" " “ “ ‘‘ “ mixture saturated. 5.33 15.80 

. *• 2% water vapor. 5.3 13.9 

.lower *• 2% water vapor. 5.0 15.2 

Ethane, " “ “upper “ mixture dry. 3.22 12.45 

* .Natural gaa (a), tube eloa^ at upper end, mixture dry. 4.30 13.44 

.2% water vapor. 4.9 

“ “ “ “ “ “ lower “ 2% water vapor. 4.7 

Mixture in horis gallery, ignited by black powder (h): 

Natural gaa, partial inflammation. 4.6 

“ “ explosion. 5 I 


(a) 87% CH 4 . (b) Oawahaw. Fan agitation slightiy raked the limits. 


3. SOURCES OF IMPURITIES 

B leatin g. Gsaeoua products of explosives vary widely wilb t^’pe of explosive, kind 
of wrapper, and whether used in coal or other oxidisable mineral. Table 8 shows results 
of tests with a Biehel gage, using 200-gm charges with paraffined wrappers, including 
analysis when ordinary dyamite is burned iiutead of detonated. 


Table 3. Gaseous Products of ExploslTes. in Percentages of Volume (U S 
Bureau of Mines) ( 8 , 6 , 93) 


Volof 

* (Sec See 4. Art 2) COt CO NtOa H CH4 N H|S gu in 

litem 


(a) 

30% “straight" nitrodyedyn.. 22.9 28.4 20.6 0.7 27.4 ' ’ "" 

40% “ " " .. 27.3 26.9 Ifl.O 0.4 27.4 

50% “ “ “ .. 24.4 31.2 20.7 0.7 23.0 

60% “ " “ .. 22.2 34.6 23.2 0.8 19.2 

60% low>frecsing dyn. 8.9 47.4 31.0 0.6 12.1 

48 % anunonia dsm. 41.4 3.8 3.1 0.8 45.5 

40% gel dyn. 

■40% gd dyn, when bvmsd. 

5%granulaW mtroglxe powder. I 
Uaok Ussting powder, in 

gage. 

FFF black powder, when used in 
.eosl. . 


(d Ind 0 . 0 % NOk. (h) Not detsiminabk under cenditioM of test, (e) Testsd in a ooflkty. 
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Tkbl« 3 «lioini that th« MO* rad iamm, idueh is uuUwt ttnounta sra daiuterora to 
ara produMKl wh«n dyiMimto ia burnod iaatrad of dotonated, Alao, in blaating abkl idtb blaok |>ow~ 
der. the producta differ froaa thoao in tba taating gaga; more combuatibla gaa m produoed by praa> 
onM of carbon and Kydro-earbooa of loaL In thia tMt, CO, H, CH*, and Had totaled 45.4% by voi- 
uma. If gaaea tbua produced are ajEpplemanted by CH 4 in the air and coal duat, they may aid in 
starting esploeions. Smoke from theblaok powder can be ignited before diduaion by an opge ii|d>t. 
1 Ib bladk powder producae about 5 ou ft (rf gas; thia in blasting coal gives about 3.3 o(i ft‘il£am- 
mable gas. If the 5 eu ft be mixed with about 7 times its vol of air, the 40 eu ft of mixture may be 
explosive if there is coal dust or firedampijn the air. Besides gases some NaiS04 and NaiCOa are- 
always present in form of smoke. Explosion of 1 lb 60% dynamite produces 10-13 eu ft gas, with 
eonaiderable variations in percentage of CO, CO,, and N. CO ia produced from dynamite in prapor* 
tioni and Volumes dependent on kind and qimntity of explosive, and whether or not it is properly 
detonated, ir is the pri^pal poisonoiu gas in powder smoke, and, being dangerous to breathe (Art 
2, 5), the practice of rewning quickly to a working place after blasting may be injurious ( 6 , 6,62). 

In using pcBMissiBna expiajbiveb in a gaseous or dusty colliery, a requirement (U S Bur Mines) 
ia that not more than 156 liters poisonous gaa may be produoed per 1.5 lb, the permissible caanon 
UKXT. About half of all pemusaiblee (Jan 1 , 1925) give less than 63 liters (92). LiQCis-oxTaaa 
axPiparvaa were used largely in Germany during the world war, except in gaseous collieries (as they 
give a flame like dynamite). L.O.X., sa commonly termed, has never been used in U S coal mines, 
because its long flame may ignite gas or coal dust (7). Its use in metal mines in U 8 , Mexico and 
Perfl was stopped by aoeidents from premature firing due to ignition by miners' lamps of the car* 
bonaoeous powder in the cartridge, which was blown out by vaporising O. Now used underground 
only in iron mines of Lorraine, France, but widely used in open-cut work in various countries, and in' 
stripping shallow IT S coal seams. Premature blasts have occurred in open cuts, quarries and strip¬ 
ping, from frictional sparha in tamping, in deep holes, where wooden tamping bars were not used; 
alao by impact, when the combustible absorbent was too sensitive. They produce CO when delays 
occur, as in firing rounds of shots; may also produce SO, and H, 8 , when fired in sulphide ores. 

Ostdation and ogygea depletion are important factors in the condition of mine air| 
not only in coUieriea, but also in metal mines containing carbonaceous shales, as in some 
Michigan iron mines, or those in which large amounts of timber are used. 

While all coals oxidise slightly, some, like those of central Illinoia and Iowa (including oarbon- 
aoeoua roof shale) oxidise rapidly when broken into small pieces. Hence, epontaneoue fires fre¬ 
quently occur in old gobs. Furthermore, oxygen is absorbed by coal. F>om these two causes 
^e depletion of O in the sir circulating through old workings often amounts to over 2%. If a 
mihe room ia tightly sealed up, the 0 is rapidly absorbed, so that, in a few weeks or months, 
preotioally aU of it may have disappeared. This condition aasieie in extinguishing thoroughlja 
sealed mine fires. 

Timber decay is due to fungus growth, requiring some O; bacteria ph^ a secondary 
role. The action is hastened by hot, humid air, and probably by the crushing of timber, as 
in the timber mats employed in various caving systems, in the Lake Superior iron mines and 
Aris copper mines. Adjacent to crushed masses of timber the depletion of O, and produc¬ 
tion of COj, accompanied by heating, is so marked as to cause discomfort to the miners. 

Bxbalstions of men and enimele in well-ventilated mines are of small importance 
relative to other sources of gaseous impurity, but are a large factor in metal and other 
mines without,artificial ventilation, especially in headings or stopes unconnected near 
the face with other workings. An aver man under different conditions, from complete 
rest to extreme hard work, consumes 0.25 to 4 liters of O per min and exhales, together 
with N and unused O, 10 to 20% loss CO, than the O consumed, or 0.2 to 3 liters. For 
aver working conditions in mines the aver exhalation per man is between 2 and 3 liters of 
CX>, per min, uid he inhales 30 to 60 liters of air per min. If the CO, content of adja¬ 
cent mine atmosphere is to be kept to 1% or less, then 7 to 10 cu ft of pure air per man 
per min are required, and about 3 times this anmunt for each draft animal (Art 5). 

Combostion of lights, other than electric, has important effect in inner workings of 
mines where ventilation is slow, particularly in metal mines with only one outlet. Accord¬ 
ing to J. W. Paul (Bureau of Minos tests): a sperm candle, burning 1 gm, consumes. 
0.614 cu ft O per hr; a miner's brass lamp, burning 4 to 6 gm oil, consumes 0.8 to 1.2 cu ft; 
a driver's lamp, burning 8 gm oil, 2.16 cu ft; a driver's lamp, burning 6 gm “ sunshine,” 
2JiO cu ft; ordinary type of miner’s carbide, lamp, using 12 to 14 gm oarUde, 0,30 cu ft O 
per hr.' 'These tests show that a lamp consuming 1 cu ft O per hr uses up all the O in 
6 ou ft of air; emd, to keep the depletion of O within the safe limit of 1%, such a lamp 
requires 100 cu ft air per hr. The amount of gaseous impurity given off by large open 
lights in close places is so considerable that, where air currents are feeble, the use of * 
miner’ll dectric lamps is advisable. ' * ~ 

Mine Hinting has greatly changed in the last 2 decades, especially in coal mines, whiere 
opMt ligihts may ignite CH4. Moreover, permissible cBi)-lamps give better ligfatt and 
many are used in metal mines, as they are safer than carbide or oil lamps. 

Snutixatlons from strata. CH, (Art 2) is the most important and dreaded gaa aoeount-. 
tued in eoyimies. It ia probably derived from ooal-foimii)y| mateziid by distiUatkm dim. 
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to beat and long-eoalinued preasure. Theie ie no apparent reiation>betweoa (be amount 
of gas retained in the strata and the geologic age of fprmation; the quantity seems to 
depend more on geologic structure. I^om Carbqniferous to E^no ^e cosd measures 
when opened are liable to (pve off CH 4 . 
m‘. * 

Highly flexed regions, especially the contorted Appalachian anthracite folds, produce more gaa 
‘than the flat practically undisturbed beds of tbe middle int»ior fleldn. Also, in the sharply-folded 
beds of the Rocky and Cascade Mta, more gas is foutuPthnn in the gently-folded beds of eentrat 
Wyoming. But this rule is not invariable, and seems to be less important than depth of impervious 
cover, giving vertical pressure and less chance for escape of gases. 

Presture of CH 4 in* the strata appears to bear a rough relation ^ the press of a water 
column equal to depth of bed below water level, Jbut this is subj^t to wide *variationB 
according to permeability of strata. CH 4 is held in the strata in the pores or adsorbed in 
the coal, from which it is only slowly liberated on exposure in mining, and more rapidly 
as it is broken or crushed; also in crevices, fault zones, and porous strata above or below 
. tbe coal bed, which liberate gas as “ blowers " or “ feeders,” lasting minutes, days or years. 

Violent outbursts of CH 4 have thrown out large quantities of coal and dust, from the face, 
usually in folded seams, though Rice (12) reports severe “bumps" in U C and Scotia, unac¬ 
companied by gas outbursts. To prevent the latter, 3 or more radiating holes 10 t 6 20 ft long 
have been kept in advance of the heading, but this remedy sometimes fails. Practice in mines* 
near Alois, France, where instantaneous outbursts of CU: occur, is not to pick or cut into the face, 
but to drill and prepare shots, and, at end of shift when all men are out of mine, to fire simultaneously 
by electricity from the surface. The object is to induce blowouts from any possible high press 
ahead, by concussion due to blasting. In recent years this safer method, termed “shock blasting,” 
was adopted in mines in Belgium, the Ruhr and Silesia (12), subject to outbursts of CH 4 and COj. 
One theory is that the coal is under great press, and upon release flies into powder, liberating gas. 
Samples of Belgian coals at ordinary temp yielded on successive crushing 6 !).l to 84.65% CH 4 , 
remainder being chiefly N and air. Vol was 2 .5-5.6 times that of coal crushed. Coal from Saar- 
brfleken, Germany, is stated to have given off 2 to 2.5 its vol of gas. Differences in laboratory 
methods moke direet comparisons diflicuU. Tests on U S coals ( 8 , 9) show that the totrd gas 
from crushed coals at ordinary temp is from 1 to nearly 2 timea the vol of coal. Most gaa ia given 
off slowly, but with fine crushing, more rapidly. Monongah coal (W Va), crushed to 30 mesh, 
gave off CH 4 in a few hr equal to 0.86% of the vol of coal, while that crushed to 10 mesh gave off 
only 0.4% (60). By allowing the gas to drain off in vacuum for 26 weeks, the Monongah coal gave 
off 1.83 volumes. In tests of American coals without heating, nearly all gas is CH 4 ; amount of 
COj is from 5 to 10% of total gas. Samples from a very gaseous mine. Coalfield, B C, and from the 
Pittsburgh seam, were ground by Fieldner in vacuo, at room temp. Former gave 200 00 occluded 
gas per gm; the latter, 49 gm. Of the former, 18.6% was methkne, 62.0% ethane; Pittsburgh gaa, 
13.5% methane, 6.1% ethane. Total paraffins gave 2.12 and 0.12 vbl. respectivdy, of vol of coal 
crushed ( 12 ). 

Quantity of CH4 when liberated from the coal. If ventilation is effic, CH4 is given 
off too slowly to be dangerous. The greatest menace is the gas stored in open crevices, 
porous strata, and goaves of unsealed old workings, which may be released by roof falls, 
or sudden fall of barom press. 

Analyses of the return cui^ent of many mines show a little less total CH 4 when a mine 
is idle than when working; in others, no appreciable difference; indicating that the 
quantity of gas from coal broken in mining is small compared with that issuing from the 
W}lid face and contiguous strata (Sec 14). Total steady inflow of CH 4 in individual mines 
(Table 4) is obtained by multiplying vol of current by % of CH 4 determined by analysis, 
and reduced to a common basis of ou ft of pure CH 4 per min, irrespective of vol of ventilat¬ 
ing current (9). Table 4 does not exhibit aver conditions, which are difficult to obtain; 
those for the Li 6 vin mines show wide variataons in the same mine. It is uncertain whethw 
flow of CH 4 into a gaseous mine is naturally affected by advance of the faces; it appears to 
depend on structure of the coal basin and origin of gases. In some mines the flow changes 
little on idle days; in others, it changes much (12). 

Hass (9) suggests that gases of occlusion, adsorption, or even vdatile matter in the coal itsdf, 
are insufficient to explain the enormous volumes of gas exhausted from our mines: that moat of the 
hydrocarbon gsises are natural gaa. and that the coal eeama are simply the reeervoir and pato of 
flow from other strata. Hia graphs of flow indicate an increaae with sise of mim, but an inde¬ 
pendent of the ratio of coal production. As anthracite dust is not exploaive in itoelf, the highly 
gaseoua conditions prevailing in many Penn anthracite minea are leas serious than in leas ga seo us 
bitominotts mines, where pure coal dust is very explosive (Art 14). A bituminous mine giving off 
200 ea ft pure CH 4 per mis, even if ventilation is strong, would ordinarily fall in the c lass of gaseous 
minss, requiring safety lamps beeause coneentfations of gas are likely to be found at the faes or in 
old worldugs. Ofton, sot over 25% of the air reaches the last bre^-throug^; the rest loot by 
Inakags (31). Bituminous nrines malting over 600 ou ft CH 4 per min are considered vary gissouli 
lew is the U 8 main as madk as 1OOO cu ft psr min. Multiplying by 18, the figures td Tahla 4 
to puts CHt gives Vd ci firedamp per min at lowest explosive limit, 6.0%. 
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T«UI« 4. Iti44^ of Motiuao late Gmmm CoOiorieo in Borofo aad AaMcica 


e 

European mhiaa 

District 

Country 

CH4, 
eu ft 
per min 

Authority 

MeU'bn'lohn No 2 . 

Wgptfalia 

• I 

Qermany 

a a 

023 

Prussian Firedamp Comm 
01 

Keiaerstuhl Shaft . 

350 

Albert Shaft. 

SaarbrOeken 

a a 

337 

44 

FrieddhshofTnung. 

Lower Sileria 

a a 

170 

la 

LMvin No 1, 1901. 



507 


•* 1900. 

4 e 

a 4 

292 

a 4 

LiOvio No 2 and 5, 1903. 

« i 

a 4 

02 

44 

•• ■ 1905 . 

0« 

aa 

240 

a a 

•• 1900 . 

<« 

a e 

323 

a a 

Colliery No 25 . 


England 

a a 

522 

903 

Boyal Comm on Minaa '07 

a a 

* • . M. 1 Hftm. 


A Yorkehire mine, 1912 . 


a s 

3 315 

Robert Clive (0) 

4 4 

•• 1920 . 


4 4 

1 000 

(after ataading 20 
weeks), 1920. .. 


4 1 

010 

a a 

Ameriean minss 

Kind of eoal 

State 

CII 4 . 
cu ft 
per min 

AutboriW for eampUng 

T^nn* Minsh. 

Anthracite 

pAtin 

3 701 

Darton, N. H. (0) 

a a 

South Wilkes*Bsrra . 

« « 

e s 

1 220 


0 • 

a a 

3 300 

a a 

'* (after 1 mo suspen- 

■ioa). 

1 • 

a 1 

3 212 

2 037 

4 I 

IViisiarlAla . 

Anthracite 

Ponn 

Darton, N. H. 

• 4 

Nottingham.... 

• 4 

a 4 

2 500 

•Zeigler . 

Bitundnous 

III 

181 

a a 

*Dering No 11. 

1 t 

a a 

204 

4 1 

4 ) minii... 

• 1 

Wash 

73 

450 

Wolflin, H. M. 
Burrell, Q. A. 

Rioe, G. 8 . 

Morrow, 8 . L. 

11 

(JB) mine . 

4 1 

Penn 

*(0) mine . 

« 4 

a 4 

706 

•(D) mine 9/15/10 . 

4 1 

AIa 

193 

9/23/10. 

• 4 

4 4 

202 

' '• 4/3/11 .. 

4 4 

4 • 

200 

4 4 

CF) mine, Fairmont. 

4 1 

W Vb 

1 4 

479t 

2 080t 

2 830 

1 5242 
929 

2 9002 

1 247 

Haas, Frank (9 

4 4 

(f) mine, Pocahontas. 

Semi-bit 

(0) mine. 

Bituminous 

a 1 


Denny, E. H. 

Bice, G. 8 . (44) 

a a 

a a 

Miriml CoUisry. 

B C 

' * (2 mo suspension).. 

Onel rVeek No 1 ICiuit. . 

a • 

4 1 

a ( 

a 1 

‘ * on idle day... 

S 1 

1 4 

a a 


* DiaMtroua explosiona, with firedamp probably a contributory cause. 

tlVom diagrams in “ Occurrence of firedamp in Bituminous Coed Mines," by Frank Haas 
(ueins max amounts) ( 8 ). 

t Max recorded. 

Effect ef barometric prose on issuance of CH 4 is a debatable questitm. British Boyal 
Commisiion on Mines deprecated ‘‘colliay warnings" of low barometer, on the ground 
that explosions were generally caused fay carelessness or other conditions, rather than by 
temporary increase of firedamp, and tiiat between such waamin^ care might be relaxed. 
Observations by the Bur of Mines, in gaseous Penn and Ala mines, indicated that falling 
barometer was generally followed by increase of CH4 in Ihe return current, but the oorre> 
qiondenoe was not exact. When a gaseousjoaine has extensive old workings, poorly t«nti> 
lated, especially if the roof be broken, much gas may accumulate, tmd when the atmos prees 
falhi the gu diffuses into the air currents. It is not generally believed that gas inclosed 
in the pores of coal, or stored under high press, and issuing in blowers, is affected by atmos 
press clumges, since these rarely readi 0.5 lb per sq in, as compared wiUi.tbe far greater 
press under which gas exists in the coal. 

OafiMurits ef CO, from the strata have been of importance in ew^a coal basina of Central 
France; mhua emotherwl. and masses of ooril and dust dislodged, and even blown to tbe eurfacc. 
As Otttburste are espeoirily liable to reeult from Uaeting, ehots a» eometimee fired flectrieally Item 
Gw eotfaee; refuge ehambera are also provided. Outbuietv are due either to heat (rf igneous latru* 
aioas or to acid waters acting <m limeetene; the latter ii probably true Of OOi eoraetiaiec found in 
fiasurae and eteviois, in tbe 8 W Wiaeonsin lead and siao dietiiet. Cripple (heek miaee haTe:hiA 
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diSoolty widi C0| filling frnetum of Toloonio rooka after dndnaga, until it oould ba k*pt tmek by 
bulkhaodlng and blowing in air undar pranure (9). 

Nitrogan oeoaaionally amanatea from tha atrata. A wall in Waahington and aoma in Texas 
gave off almoat pure N. The natural gas used in Fort Worth, Dallaa, and other Texaa dties, 
eontdns about 14% K. Generally an excesa of N in mine dr is due to absorption of the O by 
coal or carbonaceous materiaL 

GgSM from coal mine Area. After the inoipieBit stace, fires in collieries are too serious 
to permit men, other than fire^fighters, to work; but in the non-^aseous mines of central 
111, Iowa, and Mo, spontaneous fires are common, and when diut by fire walla are apt 
to be disregarded, though some fumes often escape through or around the walls. These 
gases are chiefly COr; frequently accompanied by CO which would cauae trouble if 
ventilation were not properly managed. Similar conditions prevail in some thick-bed 
anthracite districts, where fires in abandoned mines threaten adjacent active mines. 
Spontaneous fires are so common in the thick coal bed of So Staffordshire, that fire-stopping 
material is kept on hand at entrance to panels. 

Gases from fires in metal mines, as in the carbonaceous and sulphurous roof shales 
of some Michigan iron mines, may ite serious when the fires can not be extinguisiied by 
ordinary means. Such gases consist of COs. SOj, and some CO and H. In rich copper 
sulphide ores of Aris and Mont, fires have sometimes started spontaneously in old stopes» 
producing much SOz from burning ores, and COi and CO from burning timber. 

Hydrogen sulphide (HgS) may be produced by the heating of sulphurous coal in a 
mine fire, by action of acid waters on sulphide ore, or by the reducing action of bacteria 
on sulphates in stagnant water. It may also occur in the products of explosion of black 
powder. HjS is very soluble, but may be liberated in dangerous quantities by stirring 
up stagnant water in traversing old mine workings. 

Gases fnai intemal-combustioa eaglaes, as ga8olene*driven pumps, boiste and locomotives. 
COs and CO are produced iu amounts varying «ith carburetor adjustment and siae of engine. 
O. P. Hood (14) states, as result of tests on 2 types of gasolene locomotive, that the CO in the 
exhaust under wont conditions is about 13.A%, while under normal running conditions it seldom 
exceeds 6%. For safety and health the max should bo used in estimating the quantity of air 
required to dilute the gases to a sole point; or convenely the sise of engine may be limited to the 
max air current possible to maintain. Engines driven by inflammable liquids should not be used 
underground unless a deflnite vol of air current is maintained, while engine is running, suiSeient 
to dilute the max output of CO under worst conditions, down to 0.02% or less (Art S). In Europe 
disasters therefrom have led to their replacement by storage-battery looomoii res, or by the effio 
Diesel locomotives, which give off little CO (15), Diesels for mine use have devices to spray the 
exhaust, and prevent back-finng flame from igniting explosive mine gases. 

Solid imporitiog in mine air. rock dcbt fine enough to remain suspended for a time 
in air currents (26, 27), is produced by: (a) drilling dry holes or "uppers,” with ordinary 
machine drill; (b) blowing out holes with compressed air; (c) squibbing, or enlarging the 
bottoms of holes to hold large charges; (d) adobe shots (Sec 4, Art 9) or shallow blockhole 
shots; (e) loading dry ore by shoveling or from chutes. Causes a, b, c, and d may produce 
much dust. 

To keep rock dust out of the air (referring to above items): (a) Water sprays alone 
are inefficient. In collaring, use full bore of the hose to supply water. Wet the facie 
thoroughly before drilling begins. Water-injection drills are now generally used. Devices 
to cover the hole while drilling, the bits passing through them, have had limited success. 
Those connected by a suction hose to dust traps for filtering out dust, though good, are 
usually limited to headings. Respirators (wet sponge or cloth) catch only part of the 
dust (tests of Bur of Mines). Fine dust, loss than 10 microns diam, remains suspended 
for hours and is dangerous to breathe (26, 27). Respirators throttle breathing and may 
cause rebreathing some COj of exhaled air. Masks (developed from war masks) are better, 
but do not intercept finest dusts and are cumbersome. Recently they have been improved 
in filtering effic and 6 types are approved by U S Bur of Mines. Latest practice in So Africa, 
Australia, and most metal mines in U S: 1. Use water drills. 2. Wet working places by 
hose. 3. Turn on "water-blast” atomisers after blasting (46). 4. Use positive ventila¬ 
tion, with strong air currents to sweep away fine suspended dust. (6) Do not blow out dry 
drill hc^; UfpjKraper. (e) Do no squibbing and blockhole shooting while men are working 
nwby; do it at ddft end, or midshift; or, after wetting down and cleaning dry dust out 
of hole; for adobe shots, dynamite should be covered with damp clay or dirt; with no 
tamp ing, (d) Dust fcom shovsling is prevented by sprinkling. Coal dust comes from: 
(ft) cutting c^ by pick or machine; (6) blasting, especially “ blasting-off-the^mUd ”; 
(ef loading, etg>ecial|y when by loading machine; (d) conveyers and chutes; (e) in haulage 
by grinding of coal jedted under car wheels. RnMBDias: for (a), wetting the face before 
cutting, and igtraying cutter bars; (b) wetting face before b lasti n g, having tha face watt 



23-12 


MINE Am, OASES, DUSTS, &TOIENE 


undercut or sheared and firing one du>t at a time; (e) wetting tffoken oeal in tna«TiM>Wl 
loading; {d) use of suction dust-coUeotors at loa^g chutes; (e) automatiO oar Bprinh> 
ling at gathering sidings. Greater recent use of mechanical lowing has inorea^ dust. 
Coal dust is distributed by ventilatiag currents; hence need of using water at face, and 
rock-dusting with limestone or other non-silicious dust in haulage ways (Art 14). Coal 
dust in light clouds in i^e air, unaccompanied by silicious dust, is not injurious (Ajrt 5). 

Inflimmability of coal dust. Bitiunmous and lignite dusts, whwi stir^ into the air 
by blasting, CH 4 eaplonon, wreckage of cars, or fall of roof, may be ignited by fiame of a 
non-permissible explosive, or an electric arc, or even by a torch fiame (Art 14). Inflamma¬ 
bility increases with percentage of CH 4 ; decreases when mixed with non-combustible dust. 
Anthracite dust is not explotive. IIbmedibs to prevent bituminous dust explosions are 
similar to those cited in preceding paragraph. Inert content of mixed coal and rock dust 
should exceed 60%, and 5% more for each per cent of CH 4 present (Art 14). 


4. TEMPERATURE AND HUMIDITY 

Temperature of air in mines approximates the temp of adjacent mine walls. A con¬ 
tinued lower or higher temp of air current, even if rapid, modifies that of the wadis only a 
few degrees, to a max of a^ut 10° F. 

Seasonal changes of temp affect the temp of the strata for a comparatively short 
distance below surface (rau^ly more than 20 or 30 ft, Art 2), unless open fiasures admit 
sir currents or streams of water. The Alaska gold-bearing gravels remain frosen the 
year round, below a few ft in depth, though vegetation in summer is abundant. 

Temperature due to locelitp. Though frost goes to considerable depths in polar regioas, 
geologio conditions have much greater effect on temp of the strata, at deptlis over 200 ft, than 
olimatio conditiona. In the Lake Superior copper minee, the walls are cool at much greater depths 
than in most mining districts. 

Changes of temperature with depth. Rate of increase of temp varies widely. 

In Great Britain (25) the temp gradient (depth per deg F rise in temp) is 54 to 95 ft; in Belgium, 
66 to 93 ft (isolated case, 22 ft); in Germany, 63 to 67 ft. In Alpine tunnels the temp gradients, 
measured from mountain crests, are: Simplon, 72 ft; St. Gothard, 84.7 ft; Mont Cenis, 80.4 ft. 
In Comstock silver mines, Nev, the gradient ia stated as only 29 ft per deg, due to hot aprinD; 
in Ohio-Tonopab mine, Nev, 33 ft per deg; Gross Valley mines, Cal, 107 ft; Rand minee, Transvaal, 
187-220 ft per deg. Deposits due to action of thermal waters, in districts where this action is still 
going on, will have higher and more variable rock temp than where such changes have long ainoe 
ceased, or in unoontorted sedimentary strata where increase in temp is due to thickness of covering 
or former igneous intrusions. Increase of temp is often the controlling factor as to depth attainable 
(Tablo 4a). At great depths, even where the temp gradient is low, mining difficulties increase. 
In coal mining the seams are in sedimentary formation and, while the temp gradient is often hi^, 
intrusionB have been rare. The deepest mines in Belgium and England are about 4 000 ft, with 
rook temp below 100° F; conditions readily met by strong ventilation. In the shallower coal 
mines of the U S, the temp problem is not yet serious. 


Table 4a. Mine Temperatures and Rock Temperature ‘Gradients 


Mine 

Country 

Mineral 

Depth 
of temp 
reading, 
ft 

• 

Rock 

temp, 

deg 

F 

Rock 
temp 
gradient, 
ft per 
l“F 

, (a) in Laocaehire. 
<b) MorroVeUio. 
Villege Deep. 

(e) Robinson 
Deep 

(d) Crown hfinee. 
Champion 

Reef.;. 

(s) Calumet & 
Hecle 
Cf) Megas..,... 

• 1 

England 

Brasil 

Rand, S A 

Rand, B A 

Rand, S A. 

India 

Mich 

Superior. 

■ Aria 

Coal 

Gold 

Gold 

Gold 

Gold 

Gold 

Copper 

Copper 

3 783 
( 6 426 
Is 051 

7 062 

3 848 
6214 

7 349 

7 833 

8 500 

6 194 
(3 562 
(5679 

4 000 

113 

118 

130 

97 

80.2 

93.0 

99.8 
102.7 
108.4 

119 

74.8 
95,3 

140 

59.6 

1 120 

220 
} 185 

} 167 

190 

141 

} 108.5 
. 53 


(a) Lancashire mine, unnamed. « 
Observations reported 1988 
stated this was highest temp yet 
found in British mnea. In 1935. 
a temp of 115° F was reoorcud 
in a deep Lancashire mine. 

(b) Surface cooling plant (Seo 
14), installed 1921, reduced wet- 
bulb temp 10 ° F. Another cool¬ 
ing plant at 6 000-ft level in 1929. 

(c> Surface cooling plant in- 
BtaUed 1937 (W. R. Carrier, 
Tran* A I M E, Feb, 1988). 
Wet-bulb temp in main aiTwhv 
at 8 000 ft, which had been 86 ° F, 
was lowered 8 to 0° F (See 14). 
For temp in deep bore holes, 
see Jour Oiem, Met A Mining 
BoeS A, Meh, 1936. 

(d) Dwcriptive article, Afms db 
Guarru Eng (London) .June,1938. 

(s> Ftther, IngflxsoU slut Viv¬ 
ian, A I M E Tteh Pap 481, Feb, 
ld32e I ■ 

(jO C B. Foraker. jour, Min 
Cpng, Nov, 1987, Cocfiing 
ineti^irtSiOO-ttJeval. 
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Travwotim of niiw otoioopliwo may locally rue above the wall temp becaoeo of: 
(a) inflow of hot waters; (h) active fires of Imken sulphurous ores, or cf c^, carbonaceous 
shales, or timbw; (c) osidation of sulphurous ores, coal or shales, too slow to raise the 
temp to point of ignition of the matmiifi; (d) decay and oxidation of timber, due to fungi 
and baetoriologioal action, which is very active in crushed timber, as in the block-caving 
sjrstem, and where the air is warm and humid. Tests in the Monongah colliery, W Va. 
showed that in traversing 4 000 ft of double entry, 30 000 btu per min were traiuferred 
to the ventilating currant. In other cases intake air averaged 27** F, aver vebcity 433 ft, 
volume, 66 432 cu ft per min; at 1 400 ft from the entrance the aver temp of the air was 
46“ F, and at 3 800 ft 60“, or within 5“ of the temp of the return current (Sec 14). 

Seasonal temperatures have little affect on the temp in large mines. Tests lasting 
1 year, in 20 Illinois collieries, showed in one a max fluctuation in temp of return eumnt 
of only 1.6° F, due partly to relative tightness of stoppings and doors (I). In any climate , 
workings below 50 ft under solid strata, and over 1 CioO ft from openings, are not naimihly 
affected, unless there is a strong current. 

Table 5. Temperature and Humidity of Intake and Return Air Currents, Illinois Cool 
_Mines (Highest and lowest weekly averages for 1 year, 1912-13) 


(a) luugwall tiiinea; others are room and pillar. 

Hot metal mines, Comstock Lode, Nev. According to Young (26), air entering at 
46“ attained a temp of 71.6“ at 6 200 ft from the Sutro tunnel entrance, 91.9“ at 10 000 
feet, and 96“ at 13 000 ft, in a swift air current. Aver water temp entering the tunnel 
was 94 to 95“ F, which presumably represented aver wall temp at that level. Locally the 
water temps were much higher. 

Adiabatic compression of intake air, produced by wt of the column of descending air, 
causes increase in temp of 5.6“ F per 1 000 ft depth; independent of veloc pf air-current. 
Conversely, uptake air loses heat (see Sec 14). If rock temps were the same at all deptlis 
of a shaft, the heat due to this compression w’ould exceed that of the rock and flow into 
the strata, wbch acta as a heat reservoir with constant temp (for any specific locality) 
at any given depth. But rock temp generally rises faster with increasing depth than the 
temp of air current. In absence of a hut igneous mass, or hot water, virgin-rock temp 
gradient below 20 or 30 ft from surface is nearly constant for considerable depths, but varies 
widely in different regions, and normally increases slowly with depth (Table 4a). 

Aa adiabatic compression of dry air theoretically causes a temp rise equivalent to a rock temp 
gradient of ISZ ft, heat flows from the strata into the air current in most deep mines; the rook wsUs 
gradually cooling to n thickness depending on their thermal conductivity, which ia low (for eon- 
' diictivity of rock, eee Smithsonian Physieoi Tables). In a mine fl 000 ft deep the adiabatio oom- 
prcaaion-inerease of temp is 33“ F; hence, if the aver surface temp ie 65“, that at 6 000 ft would 
be (theoretically) with dry air 08“ F. Besides the influenee of temp of the walla on the air temp, 
is the ^ect of eoeding tbs air current by vaporising the moisture encountered in ite pasi^e. In 
most distriots the intake air is lest than 50% saturated, and, at 65“ F, carries about 4 graiiu water 
Vapor per cu ft. If the current descended dbrough a dry shaft and attained a temp ^ 98“, it could 
take up' about T4 grafna more water in becoming eeturated, and evaporation of tibia water would 
lowor the air temp about 10“. This would fiu-ther cool the mine welle, but cause bad pfayaiologioal 
conditiPna (10) (Art SX 


Relative humidity, % 


Outside 

air 

Intake 

air 

Return 

air 

74 

97 

90 

70 

65 

100 

74 

82 , 

85 

68 

93 

96 


81 

100 

75 

91 

100 

76 

95 

96 

74 

93 

96 

74 Vs 

97 

96 

64 

98 

84 

74 

88 

97 

40 

72 

97 

761/4 

100 

94 

57 

941/2 

98 

63 

861/2 

94 

75 

89 

98 

731/2 

100 

89 

76 

100 

too 


Depth 

Name of colUery of shaft, 
ft 


Oglesby (o). 464 

LaSalle (a). 440 

Big Muddy No 9. 114 

Sherrard No 2. 210 

Aaaumption No I (a). I 004 

Empire No 2. 105 

F^lees. 230 

Saline Co No 3. 100 

Hart A Williams No 1. 632 


Week 

ending 

Temperature, deg F 

Outside 

air 

Intake 

air 

Return 

air 

Mor 

3 

15 

28 


m 

Sept 

8 

80 

76 


■ 

Mar 

3 

15 

40 



Sept 

8 

80 

77 


91 

Feb 

9 

161/2 

43 


1151 

Sept 

8 

79 

75 



Feb 

9 

161/2 

39 

68 

July 

14 

78 

74 

681/4 

Feb 

9 

15 

401/2 

751/2 

Sept 

8 

821/2 

75 

75 

Mar 

3 

15 

321/4 

631/2 

Apr 

27 

57 

60 

63 

Mar 

2 

19 

201/2 

591/2 

July 

28 

76 

74 3/4 

70 

Dec 

15 

27 3/4 

381/2 

60 

Sept 

8 

78 3/4 

781/2 

68 

Feb 

9 1 

12 3/4. 

251/2 

6 

1 

July 

28 

78 

82 1/2 

1 68 3/4 
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lt«4«etlofi in tmp of mino airoaa b» effootod loeaUy Iqr qtnyinc with o|dd w»t«r (with 
the dieedvantege at inoresaiiic the humidity}, or hy active droulation of cool air. At long 
diatoaoee from the intake the latter plan will reduce the temp of working plaeee only a few 
degreea, rarely as much as 10”. But, if eertain places in a mine are bea^ by fires or fay 
orudiing and pressure, as in the caving system, the air can be improved by divartang a eur^ 
rent of cooler air from a neighboring wwldng. This is done by brattices or jdpes, aome- 
thnes aided by Mipplementary blowers or “booster” fans (Sec 14). The return air from ahot 
area should pass direct into the main return current. This method has not been as mutA 
amplojred in metal mining as it should be. In coal mining, intermittent use of auxiliaiy fans 
or Uowers in gassy or riightiy gassy mines is dangerous, as CH 4 accumulated during a stop¬ 
page may later be blown to a point where there is a source of ignition. Auxiliary fans 
driven by open motors have aim caused explosions; European practice permits them in 
headings, if driven by compressed air and operated continuously. 

Refrigeration of mine air in deep, hot inlnes has been much diacuased for use in mines 
too hot to get material advantage from such ventilating currents aa can be forced through 
extanaive workings or restricted passages. As mentioned above, the limiting depth of 
mining is determined by the air temp and humidity obtainable (for details and Bib, see 
Sec 14). 

Bumidlty of air in metal mines varies more than in collieries. Absolute humidity 
(wt of water vapor per unit of volume) of an intake current cooler than the mine temp 
never diminishes, and unless already saturated is increased by presence of water. As 
the temp of mine walls and the contiguous air increases with depths, relative humidity 
decreases unless water is encountered. 

The great variability in relative humidity poaeible in a metal mine ie shown in the Comatoek 
mines, Nev (28). In one tunnel, where intake air did not come in contact with drainage water 
tor first 6 800 ft from portal, the moiature probably came mainly from walls. Rate of evaporation 
was 43.8 grains per hr per sq ft of exposed surface. From 6 800 to 10 000 ft, the air current was 
in contact with drainage water and became almost saturated. On basis of 6 ft aver width of ex- 
poaed water surface, the accession of water vapor waa 708.5 grains per hr per sq ft. Relative 
huaaidity of working places, 22 to 100%. 

Control of relative humidity, when approaching saturation, is comparatively easy. 
In coal mines this has been used to prevent drying out of inflammable coal dust, tbitti- 
lATiNa CVBSKNT may be humidified by spraying, separately or combined with artificial 
heating of the intake by steam pipe coils, or steam jets (64). This method has been 
employed in So Wales and certain American coal mines to make coal dust less explosive, 
but as the effect of wetting was limited to a short distance from the intake entrance, and 
failed to prevent explosions, rock-dusting was successfully Substituted. Heating the 
intake by steam coils at some Middle West mines, where coal is hoisted in intake shaft, has 
improved winter conditions for men working in shaft bottoms. 

Increase in temp gradient with depth, found in the Robinson Deep (Table 4a), is 
confirmed by tests with special recording apparatus in U S oil and pw wells, probably 
representing origiDal rock temps better than tests in mine workings, where wall heat is 
lost through constant ventilation. See Table 5a and Bib 19, 20. 


Table Sa. Ground Temperaturaa in Oil Wells (a) 


■' t 

Johnstown, Pa 

Carlsbad, N M 

Bakersfield, Cal 

Signal Hill, Cal 

Depth 


Gradient 


Gradient 


Gradient 


Gradient 

ft 

Observed 

conetant 

Obaerved 

eonatsnt 

Observed 

constant 

Obaerved 

constant 


temp, F 

from 100 
ft (6) 

temp, F 

from 100 
ft (6) 

temp, F 

from 100 
ft (6) 

temp, F 

from 100 
ft (6) 

0 

44.0 


62.1 


44.6 


60.8 


100 

48.0 


66.1 


79.2 


71.4 


1000 

54.2 

108.8 

71.3 

183.5 

94.5 

59,1 


53.1 

2000 

49.1 

89.2 

77.5 

177.0 

119.2 

46.0 

106.1 

55.8 

3000 

40.9 

85.4 

85.2 

156.3 

140.2 

45.4 

124.7 

55.3 

4000 

91.4 

84.5 

91.7 

154.0 

141.2 

46.0 

146.1 

53.3 

5000 

105.8 

85.1 

101.6 

144.6 

180.5 

46.8 

166.3 

51.9 

4000 

124.3 

79.4 

111.8 

131.8 

198.3 

47.fi 

186.2 

51.2 

7000 






49.1 

207,5 

50.5 

8000 






50.7 

226.8 

50.3 

9000 





241.2 

53.0 

245.0 

50.4 


(s) Estimation of Temperatures at Moderate Depths in the Barth's Crust. C. E. Van Osiraad, 
Troni Amer QeoiAwosl Union, 1937. 

(b) Eiguiei for different depths are based on the leaeteouare adjustment of the straight-line 
equation, y a + be, where y it the Fah temp and x the depth. 
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Lowering rriatiwe humidi^ is diffieult, and in moot oaaM the only praetieafaie way ie 
, to ioroe cool air to waking idaoea through inpes, ao it may not abaorb moisture en route; 
or, by refrigerating maeh'y, to oondense the moisture in air current. 

Moat coal mines in the 17 8 are comparatively shaUow, and the temp of working plaoes 
rarriy exceeds 75* F, at which saturation is neither uncomfortable nor objectionable 
(Art 5). At depths exceeding 3 000 ft, as in. certain coal mines in Lancashire, Belgium. 
FVance and Germany, high air temp occurs, and the miners’ shifts are shortened when 
wet-bulb tmnp exceeds about 86* F. On the Comstock lode the temp in some drifts 
reached 130* F (26). 


MINE HYGIENE 

6. EFFECTS ON HEALTH OF IMPURITIES AND CONDITIONS 

OF MINE AIR 

Qnanti^ and quality of air for breathing. For good health the percentages of O, N, 
and COt should not vary widely from normal, though in the matter of wt or density of 
air, the lung action adapts itself readily to variations produced by changes in press from 
0.5 atmosphere at high elevations to 3 atmoa in some caissons. 

In deep diving a press of 0 atmos has been reached (Art 10). In case of low press, since thwe 
is less O in a unit of vol, the lung action must be quicker. N is inert and a diluent only; the same 
vol and wt is exhaled that was inhaled, when both are measured at same temp. O is the Ufe- 
aupporting element in air, and by its combination with the C of food, through agency of lungs 
and blood, maintains bodily heat and energy. The irritating effects of O are found only after 
48 hr continuous exposure to an atmos containing over 80% 0} (30). 


Table 6. Quantity of Oxygen Consumed and Given off During Resting and Working, 
and Humber and Volume of Residrations, at 760 mm Barom and 31* F. (J. S. Haldane) 



Or con¬ 
sumed 
per min, 
liters 

CO* ex¬ 
haled 
per min, 
liters 

o*.% 

Air 

br«athed 
per min, 
iitera 

Av v<d 
of each 
iHreatb, 
liters 

No ot 
breaths 
per min 

Inhaled 
air con¬ 
sumed, 

% 

Rest in bed. 

0.237 

0.197 

■El 

IHEVII 

0.457 

16.8 

3.08 

Rest, standing. 

0.328 

0.264 



0.612 

17.1 

3.14 

Walking 2 miles per hr.. 

0.780 

0.662 

BN 9 


1.270 

KSfl 

4.17 

« 1 y IS 

1.065 

0.922 



1.530 

■ W 

4.28 

IS ^ e 1 

1.565 

1.395 

HES 


2.060 


4.25 

4.5 “ 

2.005 

1.788 



2.520 

18.5 

4.36 

• • ^ e e 

2.543 

2.386 

0.94 

60.9 

3.140 

19.5 

4.15 


XJ S Bur of Mines made testa closely agreeing with above figures. The O consumed is about 
20% of that inhaled. Testa of breathing neuly pure O under different conditions of work showed 
a reduction of 2.11 to 8.44% O, indicating consumption of O is not affected by enriching the air 
with O. The proportion of COj exhaled to O consumed (the residratory quotient) ihcreases from 
0.8 for a person at rest to 0.68 for a person at hard work, and when over-exerting may rist^bove 
1.00. Ordinarily a person user only the upper portion of the lungs; but during violent exertion 
the full lung capacity is required, increasing the respiratory quotient. Though Table 6 indicates 
that less than 3 liters of O per min is generally required, tests with O rescue apparatus show that 
to take care of especial exertion 3 liters of 0 per min should be supplied. This is equivalent to 
14.8 liters of air, or about 0.8 cu ft per min, of which the O has been completely consumed, but this 
is never the case, as indicated above. If in a closed space, like a mine, the O is to bo maintrined 
with a loss no greater than 1%, the air supply per man must average about 0.8 X 20 ■■ 10 cu ft 
per min; for draft animals, about 30 cu ft per min. 

eUg gi flcntion of conditions and impurities, as to effect on human Qrstem: 

(a) Conditions due to altitude, high temp and humidity; enervating, but not dangerous unless 
extreme. 

(b) Impure air, not toxic, as air depleted of O; not dangerous unless O deficiency is great. 

(e) Gaseous impurities having toxic effect; not serious unless from long exposure to large 
quantities.' 

(d) Gaseous impurities acutely poisonous, and difficult to recover from. 

(s) Solid impurities leading to lung diseases. 

Sffe^ of high altitado: deep and rapid breathing and marked inereaae in number of 
fod etuinMdes. As tmich coal and metal mining in the U 8 'adone at elevations between 
5 000 and 11 OOO ft. and some metal mining up to 13 000 ft, the omueiioent decrease of O 
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MINS AXB, GABSS, DUSTS, HTQlSI^ 


per usit of volume to i/g or nearly l/t that at aea level redueee worldng ^e. Mim dmuld 
be emniaed to aee that their heart and lunsi are sound before giving them emi^yment.. 

Effect of high temp and high humidity within certain limits of temp. Either condition 
alone is bearable, but when combined, disoomfort or injury to health results. At moderate 
temp, say under 70° F, relative hiunidity up to 100%-is unobjectionable, and a nearly 
saturated atmos is not serious at a temp of 80°, in a good current of air; otherwise it is 
oppressive and a day's work rapidly diminishes with a further rise in temp and saturation. 

Haldane states: “At temp of 03° in still, saturated air I found that, though-1 was stripped to 
the waist and doing practically no work, my temp rose 5° in 2 hr, and was still rising rapidly when 
I found it necessary to come out." Church (.monograph on Comstock mines, 1880) reports that 
“the immediate results of high temp and hot vapors are abaent-mindedness, disxiness, tainting, 
vomiting, and as graver results, insanity and death.” Casualties in the Comstock mines at ^at 
time positively traceable to beat were 12% of the whole. Probably beat increases the bad effects 
of powder fumes and natural gases. Lord, referring to the same mines (1883), states that the 
ultimate effect of extreme heat ie not easily noted. Power of recuperation appean to be extraor¬ 
dinary; and unleea the strain is intense and freciuent, there may be no lasting injury. Young 
states (1909) (25); “Local physicians say that, the aver working life of Comstock miners approxi¬ 
mates 26 years, and that they show no greater susceptibility to disease than the town residents.” 
Miners stripped to the waist should keep out of cold drafts; on passing from a hot to a cold place 
a heavy eoat ia used. Wet clothes are removed before going to eurface, or trousers and coat are 
worn over them. Miners take hot and cold showere after coming off shift. Frequent drinking 
of, and bathing bands, wrists, arms, and head, in ice water are resorted to. Temp of 95 to 105° F, 
with 60 to 70% relative humidity, and air moving 200-300 ft per min, does not prevent eflic work; 
temp oi 110 to 115°, with above conditions, considerably reduces effic. Same temp, at high humid¬ 
ity and moderate air veloo, greatly impairs eflic; higher air veloc renders workings more bearable, 
but shifts must be short. Physiological teats of effect of high temp and humidity, with and without 
movement of air, made at Butte by Sayers and Harrington, gave further precise data (19). They 
found that the bad effects of almost saturated air, with temp between 90° and 98° F, are much less 
in moving than in still air. But, at 98.6* to 100° F, there was no benefit from saturated air in 
'motion, even at high veloc; and apparently some disadvantage. It would thus appear that the 
eeonomio umit of dbsp Uininq is reached when the wet-bulb temp reaches blood-heat (08,6°). 

In work at high temp and humidity, the Safety in Minm Committee, England, founil that 
suraating removes salt from body secretions and weakens the subject, beside causing the efTects pre¬ 
viously mentioned. Total chloride given off from the skin may be a measure of amount of sweat. 
To supply the deficiency, salt may be taken into the system through liquids and foods. In the Crown 
Mines, Band, barrels of a saline solution are distributed through the workings, containing 1 os lime 
juice and 10 os salt to 60 gal water (17). In some U S mines, tablets of salt in pocket containers are 
furnished the men. 

Gaseous impurities without toxic effect, but causing oxygen deficiency, include N and 
CHi. Effbct of oxyoen deficiency near sca-level or below it is the same as roduction. 
of O due to lower atmos press; as in mines at high altitudes. 

‘ A press of about Vs less than at eea-level, say 5 000 ft, is not noticeable; but at Vs less (10 000 ft) 
vidlent muscular exertion causes rapid breathing and heart action; continuous exertion causes 
faintness. The O present in a unit of volume at Leadville (10 000 ft) is the same as that in a sea- 
level mine, where the O has been reduced from 2U.U to 13.8%. At top of Pike's Peak (14 147 ft) the 
barometer registers 17.4 in, and the O present corresponds with but 12% O in air at eea-level. People 
become acclimated at these and higher altitudes. In PerO, Bolivia, and Northern Chile, there are 
many inhabitants above 15 000 ft. 

Haldane states that a person not exerting himaelf will rarely notice anything unusual until the 
O fall* to 10%; breathing then becomes deeper and quicker, pulse faster, and the face somewhat 
dusky. At 7% there is usually distinct panting, with palpitations, and the face usumes a leaden 
blue color; the mind becomes confused, and the senses dulled, though the subject may be unaware of 
the fact. In AiRcoNT«.iNtM(i no O, loea of consciousness occurs within 40 sec, without warning symp¬ 
toms. Miners aooidentally putting their heads up into a roof pocket of CH^ have almoet instantly 
beoomo unoonsrious. Tn a test made at the Pitteburgh etation of U S Bur of Mines, on one of the 
rescue corps, when O was aKoncED to 7%, in a mixture of air and N, the subject lost oonsciOue- 
nesB without much warning. The test being immediately stopped, theeubject at once recovered eon- 
Boiousness in the open atmosphere, feeling no real distress until the next day, when he was decidedly 
unwell. Haldane says’ "Loss of consciousness in air deprived of O is quicker than in drowning; not 
only is the supply of O ent off, but that previously in the lunge is rapidly removed; loes of coftscioue • 
ness Ls quickly followed by convulsions, then by cessation of respiration." In the case of cate and 
dogs, the heart continues to beat from 2 to 8 min; in men this period is probably much longer. Bq 

U>NO AS TUB HBAUT BEATS, HOWEVER FEEBLY. ANIMATION MAY BE RESTORES BY ARTIFICIAL RBMPIRA- 

TiOML This may have to be long continued, and the respiratory centw may not soon recover. 
Whereas COi in excess carries its own warning (distinct panting) before danger is imminent, 0 may 
be so deficient as to imperii life before a person realises it (32). ^ * ' 

Since an ordinary oil-fed lamp flame ia extinguished at about 17% O, the diminiahing 
find 'flickafing of the flame warns that the O is below normal. An acetylene flame is not a 
goo4.|^<ie to a condition of the local atmos dangerous to l^e,,aa it will bum when onty 
,12 or 13% 0 is ptosent. , 
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OtMMM ImiNiiitiM hsTinx toxie effect, but not serious unless with long exposure. 
Excess of COs is frequent (Art 2, 3). Slight distress begins -when it exceeds 1 or 2% of the 
atmos, but is not serious until over 3%. With 3 to 4% COi bbsatkino is twtBonxs; 
with 6%, marked panting and increased fr^umey of pulse or palpitation of heart; throb¬ 
bing head and flushed face; headache is particular^ noticeable on return to fresh air. 
With 8 to 10% there is narcotic effect. 

m 

Haldane states that at 11% COf trxcoHscioosNiiss occdbs, but death does not result unless 
there is exposure to this amount for some hours. When COs drifts out from old working, owing to 
its being heavier than air, it sometimes lies along the floor, diffusing but slowly in weak air eurrenta; 
hence a peraon overcome should have his head held up until he can be taken to fresh air. But, sines 
irreepirable gases from fires may include much COi, and being heated and containing aqueous vapor 
generally drift along the roof, peraons not protected with breathing apparatus should keep their 
heads down. CO} in itself has littla effect on a lamp fiame, but extinguishment of a flame indieatas 
the deficiency of O which always accompanies presence of CO}. Remedy for effects of CO} is prompt 
removal to fresh air, in serious coses administering O, or first aid treatment or both (Art 20). 

Acutely peisonoui gatet. For their nature and sources, see Art 2 and 3; their hygienic 
effects are os follows. Cakbon monoxide (CO) is the commonest of the deadly mine gases. 
It is daily encountered in mines having weak ventilation, when blasting is done during 
shifts; also in fighting mine fires, and in return air curr^nto from imperfectly sealed fire 
areas. The latter conditions are more prevalent in coal mines in which gob fires occur. 
CO always exists in dangerous amounts in the afterdamp of explosions (Art 14). 

Oxygen necessary to maintain life is absorbed in the lungs through the agency of nMUoatiOBiN 
(red-eolored matter of the blood); O forms an unstable chemiool compound with hmmoglobin, and 
is thus earried to the tissues. Hnmoglobin has much greater affinity for CO than for O (2fi0 times 
greater, Haldane says), and when it has taken up CO ean no longer take up O. It beoomes more or 
less saturated in a ratio proportionate to the percentages of CO and O present, taking into account tha 
relative affinities for these gases. When the atmos contains 0.04% CO, hnmogiobin finally beoomes 
Vs saturated; with 0.08%, 1/3 saturated; with 0.16%, 8/s saturated. An avm^age man has about 
3 liters of blood, which is capable of combining with 600 co of CO. If the atmos contains 0.2% CO, 
and the man is at rest, be breathes about 7 liters of air per min, of which S liters reach the lung cells. 
Am he absorbs not more than 50 X 0.2 10 cc CO per min, it will be 0.5 hr before his blood becomes 

half saturated. In an experiment in which 0.2% CO was present the hemoglobin did not resell 50% 
saturation for 70 min. 


A percentage of CO far too small to form a "cap" in a safety lamp, or to bo at all no¬ 
ticeable ^Art 9), may be very dangerous. Men often become unconscious without warning. 


In recovery work following an explosion in Alabama, an entire party waiting at a base was nearly 
overcome, and barely rescued by diverting a fresh current of air to them. Though the safety 
lamps were burning properly, and no one bad noticed the effect on himself, several finally sank 
back unconscious. With 20% saturation there is tendency to dissiness and shortness of breath on 
exertion; with 50%, it is scarcely possible to stand, and slight exertion causes unconsciousness. 
Symptoms resemble those caused by alcohol. If death approaches gradually, the hemoglobin is 
usually about 80% saturated with CO. The percentage of CO that is fatal If breathed for a long 
time varies with individuals. Anything above 0.16% is dangerous, and 0.4% may quiokly cause 
death. For continued exposure 0.03% or over is unsafe, as the ^ects of CO are to an extent 
cumulative because of the greater affinity of hssmoglobin for CO than for O. 

In case of persons rescued after becoming uneonseious, recovery is often slow due to injury to 
toe tissues, and aeriotu ailments sometimes ensue. A person may not realise he has been ox^j^osed 
until he reaches fresh cool air, when he may suddenly ooilapae. Saturation of hamoglobin with 
CO givM the blood a pink color, the greater the saturation the deeper the color, and this continues 
after death; so that a person killed by CO haa bright red blood instead of the dark colored Uood 
of one dying from suffocation or violence. In N Y-N J vehicular tunnels under Hudson River, 
extensive tests were made to determine safe limits of CO (from motor vebirles) in ventilating 
current. It was found that 0.04% for an exposure of 1 hr was safe (30). Tests on men and animals 
at Bur of Mines Experiment Station, Pittsburgh, Pa, showed that CO saturation up to 30% was 
diipoaad of by the body only after several hr, varying with activity of the man (33). 


Rem«dy for CO poisoning i.? prompt removal to fresh air, in a warm place, and adminis- 
trarion of pure O. If patient is breatoing faintly or not at all, give first aid treatment and 
administer. O, 


Immediate indioations of small 
percentages of CO are given by tlic 
behavior of canaries and sm.ill 
aairaala. 4!)anariea are so sensi¬ 
tive and certain that they have 
baea efficially approved for rescue 
work in Oreat Britidn, a»d in the 
17 S^-the-Bw of Minas, - Burr^ 
fpnai tka4 canaries are laaeh more 


Table 7. Burrell’s CO Tests on Canaries (54) 

CO, % Effect 

0.09 Very slight distress at end of I hr 

0.12 Weaker at end of t hr than after exposure to 0.09% 

0.15 Distress in 3 min. Fell from perch in 18 min 

0.20 Distress in 1.5 min. Fell from perch in 5 min 

0.29 Fell from perch in 2.5 ipin _ 
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* * 

nendtivc tbui white miee <TeUe 7). A eanery will drop from its perob ip U Ptmoe is whieh • 
Ri»a could remein for aome minotaB without aerioua effect, though each wurniug ahould eauae 
immediate withdrawal from the jdaoe, uoleaa breathing apparatua ia uaed. In a clubber con* 
taioing 0.25% of GO, a canary ahowed diatreaa in 1 min and fdl from ita perch in 3 min. Burrell 
remained in thia atmoa 20 min, whieh cauaed a alight headache. After withdrawid to freah air he 
bad nauaea and headache for aeverid houra. 

Hydrogen aulpblde (HrS) ia more acutely poiaonoua than CO, but ia rardy found in adnea. 
Aceoi^ng to Lehmann, air containing 0.07% will cause death after I hr espoaure; in an experi^nt 
on a man, alarming aymptonaa were produced within a few minutes in breathing air eontidning 
<1.05%. He found 0.2% would kill dogs and cats in 1.6 min. Haldane says it acts loeaUy as an 
irritant, and after absorption affects the brain and other parts. It makes no characteristic elmnge 
in the blood. With very small percentages the first symptoms are irritation of the eyes and air 
pasaages; with more, eye inflammation results, accompanied by intenae pain, particularly the 
next night; with 0.05%, giddiness, vomiting and catebing of breath are soon caused. Men are 
quieldy stricken on entering an atmoa containing much lIjS, aa in sewers. 

Ozideg of nitrogen or “ red fumes ” (chiefly NOa) must be carefully guarded againht 
in tunnels or mines using large quantities of dynamite, since they may result from a weak 
detonation of a blasting cap, causing the dynamite to burn- 

la a western tunnel, 13 men expoeed to NO, by a change in the ventilating current experieneed 
a alight eholdng, nausea, profuse perspiration and headache, but revived on reaching open air. 
But they soon began to cough up blo^y muciu, and showed NOa poisoning. In 3 days 9 men 
died. The others, including the rescuers, were ill for months. As many as 20 lives have been 
lost at one time from NOa fumes produced by the burning of a box of dynamite. Air containing 
enough NOa to produce irritation in the nose or air passages is very dangerous. The after-effect 
is often an intensely acute bronchitis. Hence avoid going back too soon into dynamite smoke, if 
there is any characteristic smell of NOa. Men who have been exposed to either NO, or HaS, should, 
alter removal to good air, be placed under a ph^cian’s care. 

Siliceona duit (Art 3) causes phthisis (miners’ consumption or silicosis), whereas dusts 
from limestone, shale, coal and some metallic ores do not. Mortality from siliceous dust 
is far greater than from all mine accidents. It is very high in the cherty “ sheet-ground ” 
of the Joplin ainc mines, where studies by U S Bur of Mines and U S Public Health Service 
were instituted and marked improvement made. The siliceous-dust problem in Butte 
copper mines is complicated by poor ventilation, high'temp and humidity. 

Physiological effects of breathing Si02 dust. By inhalation, the coarser particles are 
caught by mucus in nose, throat and pulmonary pasaages, and expelled by coughing; but 
particles of less than 10 microns diam enter lung ceils and cause lesions. Fibrous nodules 
form, increasing in number and size with exposure, producing general fibrosis, which seals 
cellular lung tissue and checks aeration of the bl(^. Breathing becomes increasingly 
difficult, with susceptibility to pneumonia or tuberculosis. Following terms are used for 
lung diseases (26): pneumoconiosis, covering all dust diseases, fibrous or non*fibrous; 
BiucosiB, caua^ by free SiOj or quartz dust; silicatosis, by siUcates (distinct from the 
sharply defined, coarse, nodular fibrosis due to SiOj dust); anthbacobis (snthraco-ailico- 
Bis), a coal miners' disease, is silicosis modified by presence of coal dust; sidbbobis, a dust 
disease found in some metal workers; abbestosis, caused by breathing asbestos dust 
(silicate of magnesia) (27, 28). 

DuBt-diseaBe symptoms are arbitrarily divided into 3 stages by Amer Public Health 
Assoc, " for convenience of description and possible compensation purposes Stage 1, 
man may look well, but has slight i^ortness of breath on exertion, dry cough and recurrent 
colds, some indication in radiograph of fibrous nodules; Stage 2, definite shortness of 
breafh, pains in chest, dry morning cough and sometimes vomiting, recurrent colds, <^est 
expantion decreased, movement sluggish, capacity for work reduced, radiograph shows 
mot^ng in lung fields; Stage 3, distressing shortness of breath, cough more frequent, 
expectoration generally slight (sometimes copious), capacity for work permanently 
impaired, forced inspiration, pulse rate increased, heart may be dilated, radiograph appear¬ 
ances accentuated, mottling more intense, nodules larger, large shadows corresponding to 
areas of dense fibrosis (27). 

(joantities of rock daat in mine air. Thomas and MacQueen (Dolcoath mine, Corn¬ 
wall, 1904) found the amount of dust in the air, from dry, machine-drilled holes, to 
be frenn 0.05 to 1.14 mg per liter, aver 0.46 mg; in wot holes, aver was 0.22 mg; in hand- 
drilled dry holes, 0.01 to 0.41 mg; in filling cars witli dry ore, 0.06 to 0.34; at a rock 
breaker, irhen sprinkler was not used, 0.92; in dead ends and raises, within 3 to 5 min nftpr 
blasting, 0.06 to 0.34 mg (39). U S Bur of hlines found that in certain iron mines 20S.^ ing 
dust per cu met of air were produced by dry drilling, as compared with 13.88 mg by wot; 
and diy drilling in “ chert " produced 74.2 mg of dust aa against 7.78 mg from wot. 

Coal 4nat mixad with aiticeont daat. Although it is generally agreed that aatiiraeiie 
and tHtuminoua duata do not produce lung GUaeaite. they do cause aatiunatie oondtiioaa 
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when breathed over a long i;>6riod. But, aa anthradte aeama are much folded and inter* 
bedded with sandstone, silioeous dust is often mixed with anthracite, especially in driving 
cross-headings and slopes, or brushing roof and floor (27). See also Art 3. uj^er “ Solid 
impurities in mine air." 

In three anthracite mines the dusts contained the following percentages of total silica; 
all men in face workbigs, 11.1%; rook workers, 63.2%; all others underground, 33.7%; 
breaker workers, 18.5%. Sixe-frequenciee, in microns^ of dusts suspended in mine air: 
0-0.49, 11%; 0.5-0.99, 60%; 1-1.49, 17%; 1.5-1.99, 7%; 2-2.49, 3%; 2.5-3.49, 1%. 
Number of particles per cu ft, to which (»rtain inside workers were exposed was 6.9 mil¬ 
lions; those at faces, an aver of 480 millions. Of the 2 711 workers in these mines, 22.7% 
were diagnosed as ^ving anthracosis; in Stage 1 of the disease, 18.8%; Stage 2, 3%: 
Stage 3, 0.9% (46,77). No cases fotmd in a control group of miners, whose dust exposure 
aver leu 5 milUon particles per ou ft of air. Its prevalence in the entire working 
force was about 23%; among all except rock workers, leu than 2% were affected when 
duration of employment was loss than 15 years, regardleu of amount of dust in the ur. 

Remedies. Strong ventilation and water sprays, and not using explosivu for squibbing 
and pop shots, without first withdrawing the men or wetting down until the dust wtUu; 
also, use of masks, filter respirators, and dust traps (29). See also Art 3, under ** Solid 
impurities in mine air." 

Poisonous metallic dusts require special treatment. Precautions must be taken in 
caw of PbCOt dust, to prevent lead poisoning, either by inhalation or through the mouth. 
In mining cinnabar (HgiS) groat care must be taken to protect workmen from poisoning. 
Arsenical ore dust, said to cauw cancer of the lungs, must also be guarded against. 

Tests for gnantitr and character of mine air dusts: (a) filter through a tube, or granulated 
sugar in a tube; (b) count dust particlM in a certain microscopic field (adopted in So Africa and else¬ 
where). Bur of Mines used this and also the mnNoiis method, by which dust is collected in watw or 
othw liquid from a unit vol of air (28). Dust over 10 microns is determined separately from dust 
under 10 microns. Sampling dust in mine air has been studied by Haldane, Sayers, and So African 
investigators (28). By the konimeter the partides of dust are rapidly estimated. A small quantity 
of the air is forced at high veloc upon a greased slide, on which the sise and number of adhering par- 
tides are estimated by microscope. Modifications have been developed; such as a microscope 
attached to an instrument operating on this principle, so that the inspector can make determinatioos 
on the spot. 


6. PERMISSIBLE PERCENTAGES OF IMPURITIES 

Volume of air circulated. The older method, still general, is to increaw the ventilating 
current by artificial means until the air in working places seems good. In coal mines in 
the U S, practice now requires circulation of a defimto volume of air, based on ntunber of 
men and draft animals. Under most state laws the air may be measured near the mine 
intake; in other states the more intelligent requirement prevails of measuring it in the 
crosscut or breakthrough nearest the face. The volume is generally 100 to 150 cu ft 
per min per underground employe, and 500 cu ft for each animal. In the anthracite region, 
owing to large amount of firedamp, 200 cu ft per man are required. In most collieries 
thew limits are exceeded at the intake, but oven in best practice, owing to leakage of 
stoppings or doors, only 65 to 70% reaches the last crosscut; in some mines, not over 15 or 
20%. The stipulated volumes exceed breathing requirements, which are about 10 cu ft 
per min per man, and 30 cu ft for a mule or horse (Art 5). The added amounts are con¬ 
sidered advisable for sweeping away firedamp, and to provide for leakage and slow oxida¬ 
tion of coal and shale. When firedamp is present, enough air must be circulated to pre¬ 
vent accumulations of gas. 

Pedend requirements for coal mine lesaeea (34) (made by Dept of Interior for Alaska. 
1916, and modified in 1921 for public coal lands, chiefly in Utah, Colo, Wyo, Mont, N and 
8 Dhk, and Wash), not in conflict with Territorial nor State regulations: Fob intakb 
AKD BBTUBN-AiR BTBTBMB, mech Vent, reversible fans, housing and connections of noncom- 
bustible construction, and fans offset from mine opening and with explosion relief doors 
are required. Gabst mines must have a duplicate engine or motor for Uie fan. In minbb 
BMP iiOTXNO MOBB THAN 200 MEN PER SHIFT, shafts must be fireproofed. IVhen part of a 
mine emplosring more than 100 men per shift is over 4 000 ft from nearest airshaft, 
entries and airways reaching it shall be not less than 4 in number. Crosscuts or break¬ 
throughs must not be over iOO ft apart. No rooms or branches are to be turned ahead of 
last erosseut. Stoppings in entry crosscuts to be of incombustible material and as air¬ 
tight as poBSilde. 

Weifced eut aad abaadoaed areas (hat can not be vsntilated to prevent gas aceumnlations must 
be sealed off by strong fireiHoof stoppings. 
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Wb»n gim itt mmi ia uadar pnat, nut bole$ tamt be bond to the euBrihoe; or, if 

not feMible, • pipe Une made through .« atopping end conducted into the return eirwey beyond 
any live woridng or heulege or traveling way. 

Quantity of air to be not leas than 100 cu ft per min per man, meaaured at the laat entry croaacut 
of a ajdit, and there ahalJ be not more than 75 men on o split. 

Qiulltv of air shall be fit for, work or travel. Air must not contain more than 1.25% COs, 
and not less than 10% Oi, as determined by aampUng and analyais by U S Mining Supervisor. 

A mine or portion of a mine shall be deemed gaesy. as defined by State Inspector or by Mining 
Supervisor, if on 3 occasions not less than 2 days apart, 2% or more CU 4 is found in working places 
by safety lamp or bhemical analysis, or if return air in any split shows 0.5% CH 4 . 

Ilectiic-driven auziliaty or booster fans may be used in NON-aAsar uinbs, where there is no 
inflammable material within 10 ft of motor. Ih oasst uimxs these fans may be used only on intake 
air, the motor and switch being explosion-proof, and hourly inspection made. When auxiliary or 
booster fans are driven by compressed air, they may be used in either gassy or non*gaasy mines. In a 
gassy mine, or one in which more than 0.25% CH 4 is pment in the air current, trolley or non-permis- 
sible storage-battery locomotives may be used only in intake air, not receiving the return air of rooms 
or abandoned areas. 

Classification of non-gassy, slightly gassy and gassy cosl mines, recommended in 1026 byll S 
Bur of Mines (36, 90;. 

Clews 1: a practically non-gassy mine, in which inflammable gas in ezeeae of 0.05% can not be 
found by systematic Hearch. 

Clew* 2: a slightly gassy mine, in which (a) inflammable gas has been {ound* but in amount less 
than 2% in still air m any active or uiisealed abandoned workings; or (5) inUammakle gas can be 
found,* but in amount less than 4%, in some place from which the ventilating current has been shut 
off for a period of 1 hr; or (<■) inflammable gas can be found, t but in amount less than 0.25%, in a 
split $ of the ventilating current; or (d) inflammable gas enters a split at a rate S of not more than 
25 cu ft per min. 

Clou 3: a gassy mine containing more inflammable gas thap epecified for Class 2. 

Modern practice in European coal mining countriee has been to analyse the air in mine workings 
and return ourrent. This has been extensively done by the French Mine Inspection service. In 
htter Fbbnch iumino Riiaui,ATiONS, no nunimum vol of air is stipulated. The practice is about 3 cu m 
(106 eu ft) per min per man, but the return air of an advance heading must not contain more than 
1.6%, and any other return, 1 % of CII 4 . 1m Cheat Bbitaim, the vol of air ie not specified, but 
oertain max limits for impurities are set which require analysis for determination. No lamp or light 
other than a looked safety lamp (including permitted portable electric lamps) can be used when the 
air has normally over a 0.5% inflammable gas. If the percentage is 2.5 or over in the general Body of 
air in a working place, workmen shall be withdrawn from that place. Other limits are that "a place 
shall not be deemed to be in a fit state ... if the air contains less than 16% O or more than 1.25% 
CO].” Ik thk U S many collieries regularly analyse their return currents, but no chemical limits are 
set in state regulations for either coal or metal mining. In South Avbica, Avstbaua, ano Nbw 
Zbaland, mining commissions have recommended the establishment of oertain max limits of impuri¬ 
ties, temp, and humidity (Table 8 ). 


Table 8 . Limits of Impurities in Mine Air, Estsbliehed Abroad by Analysis 



Minimum 

%o 

Maximum % 

Maximum temp 

CO] 

CH4(«) 

Dry bulb 

Wet bulb 

Coal, French regulations of 1911... 

" British act of 1911. 

Metal, Transvaal. 

19 

1.25 

0.20 

i.OO 

0.20 

0.25(e) 

1.00 

2.00 (e) 
2.50(f) 

95" F (d) 

86 * F (d) 

‘ ‘ New South Wales (a). 

‘' Victoria. 

“ West Australia. 

19 

20 


87“ 

80" 

* ‘ New Zealand (M . 

19 



80* 


(a) Proposed. (5) All operations in Thames and Waihi gold fields below 800 ft, 200 on ft air 
per.min per man; MX) cu ft per horse. In other districts, 150 cu ft per man; 500 cu ft per horse. 
(p) Except for 30 miu after blasting, (d) Men forbidden to work when wet and dry-bulk readings 
are hmher, except in case of necessity, (e) Return air of a wnrking place must not contain over 1.6% 
CH 4 tor sidvanoe headings, and not over 1 % for all other currents.(/) Open lights must not M 
uaed when the return air contains over 0.5% CH 4 . (g) Causing withdrawal of men. 


* By employing an approved safety lamp, with flame drawn low, or apilkoved goa detector, or by 
aampUng and analyaie with an approved gas analytical apparatus. 

t By sampling and analysis with an approved gas analytical apparatus, or emplbying an approved 
gas detector. 

t If there is but ope continuous ventilating euirent, this shall be considered a split for pmpaaa tl( 
this definition. 

I Deiermined. by sampling, analysia, and ventilating-eurrent measuremeat. 
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7. SPECIAL MnSERS’ DISEASES 

AnkylostomUisii, or miaw's aoonua, practiosUy the same ae “hookwonn diseaae," ie 
doe to a tiuwad'like. blood-sucking worm. It attaches itself to the walls of the intea^es 
bsr booklets and sucking disks oA its head. Loigth varies in different species and stages 
of growth; hookworm of southern U S (UncinariB Americana) atts^ a length of 
0.3 to 0.6 in (36). 

The larva, from a microscopio egg, hatches in 1 or 2 da 5*8 under favorable oonditions of air, heat, 
and moiatiire, into ah active worm-like embryo. Lacking opportunity to enter the human body, it 
may live a year in soil with suitable environment. Hookwobm labva usually enters the body 
through the skin. If a iMrson treads on infected ground with bare feet, or gets particles of it on hands 
or other parts, the larva begins to bore, especially in tender places, as between toes or fingers. This 
oauses local inflammation, called “ground itch." The larva enters a blood vessel, and is swept 
through the heart into the lungs; but, being too large to pass through the lung blood vessds, bursts 
out into the air spaces. It wriggles along these and up the windpipe to the throat; then it is swal¬ 
lowed, entering the stomach. Or it may enter directly with infected food. From the stomaeh it 
passes into the small intestines, where it grows and becomes a bookworm. A person serioiuly affected 
wili have several thousand worms clinging to the intestines. They bite into the tissues, suck blood, 
and more is lost by bleeding. A poisonous fluid given off by the worm causes anemia and catarrh 
of the bowels. Fortunately, it does not multiply in the intestines, but mates and the eggs pass out 
with the stool. If a person is not reinfected the worms ultimately die off, but their lifetime in the body 
is 10 to 15 years. 

The disease is widespread in agricultural districts of southern states, where investigations have 
been made by Rockefeller Sanitary Comm. First observed in Europe about 1880, in living the 
St Gothard tunnel. In 1806 many cases occurred in German coal mines, and the disease apread so 
rapidly that drastic gov’t measures were enforced. By 1010, only 1% of miners were affected. 
Stringent precautions have been taken elsewhere in Europe, where the diseaae became epidemie. 

Some coal mines in the southern states have been affected, but most U S mining districts are 
free from it. For more details, see 2nd edn of this Handbook. 

Symptoma: pain in stomach, capricious and perverted appetite (as dirt-eating), obsti¬ 
nate constipation followed by diarrhoea, palpitations, weak and unsteady pulse, and, in 
fatal cases, dysentery, hemorrhages, and dropsy. A person seriously affect^ looks 
bloodless; skin is tallow-like, and body appears starved. Distended abdomen, sometimes 
vkitb bloating of face, body, or legs, is characteristic among children, causing stunted 
growth, an old-appearing he^. and other abnotmalitieB; hence the importance of eradi¬ 
cating the disease, whether in a mining or other conunimity. Mild OAsag are more 
common and show less definite signs; positive knowledge ie obtainable only by examining 
stool with a microscope for hookworm eggs. 

Preventive means: use of shoes or boots without cracks or holes and leather gloves, 
cleaned frequently with antiseptic solutions; rigid sanitary precautions in and about 
mines and homes; neither children nor grown persons to go barefooted; compulsory use 
underground of portable sanitary latrines, daily cleaned and disinfected (Art 8). If the 
disease is suspected at a mine, there should be bacteriological inspection of defecations. 
Malefern, santonine, thymol, and other vermifuges are prescribed; epsom salts and thymol, 
taken alternately, ‘are common remedies. The disease yields easily to treatment and mild 
cases are quickly curable. 

Nystagmus, peculiarly a miner’s disease, affects the muscles and nerves of the eyes, and 
causes oscillation of the eyeballs. In severe cases the victim is unable to walk straight, 
owing to an apparent rotary motion. Except in severe cases it is considered curable (37). 
Alleobd caubbb: insufficient light, and work of bottom-holing, or undercutting, while 
working in a strained position, with eyes fixed on one point. Another cause is said to be 
working in thin seams, where the head is thrown to one side, and looking diagonally 
upward to observe the roof as the miner walks along. Consensus of medical opinion is 
that the chief cause is poor lighting, as by safety lumps, particularly the older typu, which 
have less than 0.6 c p. A German investigation showed that 91% of those affect^ used 
safety Igmps; in 2 mines using open lights, only 0.35%. 

Since the Workmen’s Compensation Act became effective in Great Britain, nystagmus hsa been 
brought forcibly to the attention of the Britieh mining induetry. In 1909 compensation was allowed 
in 631 coses; 1910, in 966 new cases. General use of the pick in undercutting coal, and necessity 
in most European mines of regular use of safety lamps, made the disease serious in the past, but 
the improvement in portable electric lamps has brought improvement. It has been stated that 
men with nyetegmue can not see a “gas cop’’ in a safety lamp, and hence were a menace in a gaaeous 
mine. IDt. J. Court tested 106 miners; though 58 had nystagmtu, all but..4 ouuld detect 2.5 to 
4% of CH 4 (15). 

Reme4^ is better illumination. At Coekerill colliery, Belgium, twenty miners’were each given 
2 ben^se safety lampe, instead of one, and examinations at end of a month showed general decrei^ 
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of ojwtocmna. To doon«M daaser of igidtiiit ftrodiuap hjr • brokm Mkfoty liuBp. it U bottar to 
provido only 1 lamp nnd » porniaublo storac^nttny light* hOTiiis nfiooUna that give a oonieal 
angle of lighting of at laaat ISO*, and have avar atramith of illumination graatwr than lop (Sao 42. 
Art 1ft). See diacuaaion, CM Ouord, Juno ft-Oct 31,1930. 

In U 8 few thin ooal aaama (aay lam than 36 in ^iok) are worked, and axcapt in long^all work* 
ingi in Northern liUnoia little hai^ undercutting it done. Safety lampe are need in few ooUiaiiaa, 
exoept by ‘‘fire-boeaae" or “gaa eaaminera;” open lighta were the rule until aupplanted by ninera’ 
permiaaible oap lampa with etrong illumination. In gaaeoua minet, fire>boatea generally ute alee 
cap lighta, which are turned o9 while teating for gaa with aafety lamp. No extended investigation 
of nystagmus in U S has been made, but if there were many casea, they would have bemi noted. 
In lUinois, 1911, 600 miners were examined, without finding a case. 

Color*blindaess, though not specifically a miner's disease, is of serious importonoe in 
gaseous mines. The faint blue firedamp cap in the safety Imp, when the fuel flame is 
drawn down, is indistinguiriisble by those seriously afflicted with color-blindness; hence 
the advisability of examining for this defect all applicants for positions intrust^ with 
detection of firedamp, as " fire-bosses," mine examiners, underground managers, and State 
mine inspectors, rejecting those who can not clearly detect the small firedamp cap. 


8. UNDERGROUND AND SURFACE SANITATION (see also Sec 22) 

Aagnlsltes undergrouad, (a and h being summarised from Art 6 ): 

(a) Good air, oontaining not less than 16% O, not over 1.25% COt, and no CO or other poisonous 
gases. Air temp should be below 80* F, if possible. In coal mines, for safety rather than sanitation, 
the body of air should contain not over 0.5% CH 4 . These conditions are usually attainable by hav¬ 
ing good ventilation. 

(b) In mines producing eilioeous dust the air should be sprajred. Drilling at the face should be 
done with water-injection drills, or accompanied by spraying. Dry holes should be cleaned with 
scrapers and not blown out with comiueased air. Adobe shots should be covered with wet etem- 
ming nsatarial, and dry ore wetted with hose before shoveling. 

(e) Sanitary latrines should be provided (38), especially in metal mines, and should be so located 
that one may be reached in not over a 6 -min walk, climb or hoist from the working places; where 
possible the stations should be lighted by incandescent lights. The latrines should be taken daily to 
the surface, thoroughly eleaned and fumigated. An excellent latrine is a water-tight iron bo^ 
mour -d on a mine truck so that it may easily be taken in and out on cages. Where skips are used 
tub k .-ines are preferable, if of porcelain with tight-fitting covers. The Butte latrine, when taken 
into the mine, is partly filled wi^ water to keep the excrement fluid; it has valve fittings, for flush¬ 
ing out thoroughly by connecting it to a water main. After flushing, latrines should be rinsed with 
an antiseptic solution. WATaB-n.UBMXD ci.oBan sometimes installed at shaft statioiu, the excre¬ 
ment being flushed into the sump and pumped out with the mine water. If the quantity of water Im 
large, and is not disoharged into ponds near habitations, the plan is unobjectionable. In a Canadian 
mine, tlw eflluent from closets serving 150 men runs into an underground septic tank, the dear water 
being discharged into the sump. Destructible latrines are sometimes used (wooden boxes about 10 
by 18 by 20 in deep); at each latrine station there is placed dry dirt and a scoop, also dfsinfectant 
for sprinkling over excrement. When the box is nearly full, the cover is nailed on and it is sent out to 
be burned in a furnace. In coal mines, near gathering points, as at haulage sidings or on main levda, 
latrines are badly needed to prevent dangerous pollution in vicinity, but at the "face" in most col¬ 
lieries there is more or leas shale or clay refuse, which is stowed in the "gob." In this case the fecal 
matter can be buried deeply, and thus safely cared for, if inspection is rigid. 

(d) Underground cabins, pump rooms, engine rooms, stables, and other places where men may 
gather, should be frequently whitewashed or painted. 

(s) Miners should be required to take their lunch leavings out of the mine in their dinner buckets; 
in some eases they may be permitted to throw the scraps into oars of waste rock or refuse to be 
dumped on the surface. Such measures prevent feeding of rats, which noay come in with hay and 
other supplies, and are liable to transmit diseases. 

(/) In mines where ankylostomiasis (Art 7) is found, lime should be sprinkled along gangwajm, or 
antriea, and the resting places where lunches are eaten, whitewashed. In collieries, calrium chloride 
answers same purpose, and helps to compact coal dust. 

(g) Good lighting aids sanitation, and haulageways, manways, shaft bottoms, and landings 
should be whitewashed. Electric lights should be installed, except where not permitted, as in return 
air of gaseous collieries. They should have wire cages. 

(k) Shelter should be provided for heated and perspiring men, while waiting at shift mds at 
loitfiinf in down-east shafts, and cages for hoisting mm in such shafts should be incloaed. 

(i) Drinking water must be of good quality, and provided preferably by fountains not requiring 
the touch of the lips, as in ease of a faucet. As it is rarely feasible to provide running water for drink¬ 
ing throughout a mine, tank ears, kept in sanitary condition, should be provided, eadi man should 
have his own drinking cup, and the faucet so plac^ in a recess that a man can not use his Ups, but 
must use bis cup. 

Eequisttoe on suiface sue same as the demental sanitation underground. In addition, mitten 
eomiqg from a' warm mine must avoid prolonged exposure to cold air, whUe in li^t-weight working 
elotbea. Hence,* within 100 ft of tte mine mitiranee, there mould be a warm bnildiug, where the 
asiaer may be decked in and out, and whieb adjoiBB or oonneots. by oovered passage, with U» bath 
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md di«iiKa houM (See 22). Men coming up wet with pcnpiretion from a deep, hot mine into oold 
outside mr. are subjeot to oolds and pulmonary traubleit. Well-managed mine* now have baUt and 
change houses undw state supcrrision. In (3reat Britain this is done through the Wf^are Fund, 
which.'with the Mine Safety Research, is maintained by tax on mineral in-oduction. In or oloee to 
the change house there should be a safety statipn, with mine-rescue oxygen breathing apparatus, 
gas masks, oxygen inhalators, stretchers and “first-aid” equipment and nearby, fire-fighting eqidp- 
ment. portable extinguishers, hose, rolls of brattice cloth and bags of limestone dust (Art 17). 


MINE LAMPS AND APPARATUS FOR DETERMINING 
IMPURITIES IN MINE AIR 

9. SAFETY LAMPS 

Purposes: (a) in gaseous mines to provide means of illumination which, properly used, 
will not ignite firedamp; (b) a quick means of testing for firedamp (by charactoristie 
appearance of flame), whether in gaseous or in " open-light ” mines. It is possible but 
dangerous to test with an open flame. Among the niunerous safety lamps the following 
are representative. 

Davy lamp, invented in 1815 by Sir Humphry Davy, was the first safety lamp; now 
superseded. Its oil flame is surrounded and separated from the external air by a wire 
gause mantle (6 in high, 1.5 to 2 in diam, 28 wires per linear in, 784 apertures per sq in) 
which by its rapid conduction cools the hot gases inside the lamp below the ignition temp 
of CH 4 , thus preventing spread of ignition from the lamp interior to gas outside. The 
behavior of a safety lamp in a firedamp mixture depends chiefly on its arrangement of air 
inlets and of outlets for hot gases. In the Davy, air may enter or gases escape from any 
part ot the gauze, making the lamp convenient for quick testing, but introducing an ele¬ 
ment of danger, since if the lamp is put quickly into an explosive atmns, a strong explosion 
occurs inside the gauze and may pass flame to the outside. Also, the lamp is dangerous in 
a current of explosive mixture if veloc exceeds 3()0 ft per min; at 450 ft per min, flame 
passes through the gauze in less than 2 min; at 600 ft, in 10 or 15 sec. In a quiet atmos 
if gas is flaming in the lamp, and it is dropped, flame may pass the gauze. It is therefore 
not a safe lamp, and in roost countries it is not permitted in gaseous mines. Illumination 
given by the ordinary Davy is small, 0.16 to 0.20 c p. 

Stcphe&soa or Geordie lamp, invented by George Stephenson, followed the Davy. Though 
now obsolete, its cylinder and under air-feed are used in some modern lamps. 

Clanay lamp, has a glass cylinder ar<iutid the flame, surmounted by a gauze cylinder, and the 
air enters lower part of gauze, passing downward to the flame. This causes baffling, which tends 
to smoke the glass. 

Marsaut lamp has 2 or 3 concentric gauzes above the glass cylinder, with small air 
spaces between them, which widen toward the top by reducing the diam of the inner 
gauzes. The gauzes retard escape of the burned gases, which form a blanket of non¬ 
explosive gas restricting internal explosion. Fig 3 shows a bonneted Mabsaut. 

Parts of the lump: a, steel hood; b, steel bonnet; e, outer iron gauze; d, inner iron gauze; t, upper 
brass bushing; /, copper rings attached to gauze; g, asbestos washer; h, 5 brass standards; t, glass 
globe; j, flat cotton wick; k, copper wick adjuster; I, copper wirk holder; m, lower brass ring; n, 
brass ring; o, brssa ring; p, brass oil fount; g, asbestos washer; r, brass ring for washer; «, key lock; 
t, vertical openings for air inlet. From his experiments, Marsaut concluded that; (a) a smoll-diam 
lamp, like the Davy, does not readily puss an explosion, as the volume susceptible to explosion 
is small; (h) a lamp without .a glass is safer in case of internal explosions, because the glass confines 
the gases and acts like a cannon (hence, it is best to reduce diam and height of glass); (e) a 
conical mantle is safer against transmission of internal explosions than a cylindrical mantle of 
same capacity; (d) retention of gases of combustion tends to prevent internal explosions, and it is 
not advisable to guide them by a chimney. An iron body is better than brass, a brass lamp giving 
only 70% of the luminoiu intensity of an iron lamp of same design. Brass has higher condsc- 
tivUy, becomes hot, and makes oil viscous; it is easier to cast, and therefore generally used. . 

' Improved Marsaut lamps. The original Marsaut has the Clanny fault of a baffling 
air-feed, which is very marked in a strong current; henre the glass may be smoked, giving 
poor illumination. But it is good for testing gas. 

Combustion snd illumination have been improved by various devices, and modified Mw^auta 
ase today the moat favored safety lamps in Great Britain. Among them are the DEVLECfon and p»o- 
yacToa ttvbs. These are similar in principle, the air feed being separated from the gases of eom- 
bustioa, ' In the eerliw modifications the lower part of the gause is shielded, end an angle diaphragm 
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rise abov« top of afaield eztondad to the mxam. There is a perforatod air inlet dne over the (Ims. 
The enterinc air ie deflected upward, then etrikee the ring, and ia thrown downward tbrou^b the 
gauae and almg the glaae cylinder. Burned gaaeg paea out through upper part of gauae. Moat of 
the later modifieationa uae the full bonnet, with holM around the topfor eaoape of burned gages, and 
either 1 or 2 ffiuaea, 2 being eafeat. In eonte, a diaphragm or angle ring aepgratee upper and lower 
part of the gauae for outlet and inlet, air entering under the bonnet through aldtted h(dea in t^ ring 
to which the atandarda are affined. 



Wolf lamp (Fig 4) uses benaino, naphtha, or gasolene, has bottom feed, and a wick-feed 
screw, instead of the pricker used on heavy oil lamps, which require frequent removal of 
crust forming on wick. 


Parts of the lamp; a, steel hood; b, 5 brass covers on standards; e, steel ring, upper; d, 5 steel 
standards; e, brass bonnet corrugated; /, iron gauae, outer; g, iron gauae, inner; h, steel ring for 
standards, middle ring; t, asbestos washer; j, 6 brass standards; k, glass globe; 1, cotton wick; m, 
wiok holder; n, expansion nng; o, brass ring, lower; p, asbestos washer; g, brass gauaes, inlet; r, 
brass baffle ring; a, brass naphtha fount; i, ignition turnbar; u, wick adjuster. Air enters slotted 
holes level with top of the oU vMael, passing thence through a narrow gauae ring to the flame. 
The wick, now usually flat, about 0.6 in wide, to give more light, ia in a metal tube extending about 
1 in above the base, with an adjacent tube containing the screw for raising and lowering a clip 
which holds top of wick. This adjustable bottom is advantageous in testing for firedamp, as the 
lamp flame is readily drawn down until the yellow has disappeared. The light oil is advantageous 
for relighting, as internal relightera can be used. The relighter consists of a coil of papm' matches, 
with clasp and striker operated by a rod projecting through the bottom. An alternative arrange¬ 
ment is a flint rubbed by a milM wheel. Care must be taken that the wheels do not contain 
cerium or other substances which remain hot longer and make lighting easier, becaiiae tests show 
that hot particles from' some composition wheels pass through the gauae, and may ignite fire¬ 
damp. The fuel vessel Is packed loosely with wool to prevent gasolene from slopinng. The glass 
rests on a flexible ring to permit expansion, with asbestos gaskets above and below. There at4 2 
wire gauaes, of 30*mcsh, and a plain or corrugated bonnet. The miners' lamp is of brass, weighs 
ing 3 ib 4 oa; made of aluminum, 2 lb 3 oz. The round wiok lamp gives Ulumination estimated 
at 1 to 1.6 cp; fiat wick, 1.2 to 1.8 op. 

The Wolf tj'pe is excellent both as a working lamp and for testing. With low dame a 
trained ob^i^ver con detect 1% firedamp, and an ordinary ohserver easily deteets lA. to 
2%, ‘fhp'lamp has not been popular in Great Britain, as use of naphtha is dWk^, am 
individual reUghtersin gaseous mines are not approved. It is more used in U S ithan. any 
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other. Other fautnpa of thia Igrpe in U S, are the 6h«ak, Seipel, and Koehler. Some'Wolf 
lemps fcB- mine officials have special devices to measure the height of CH< cap.'* 

Britiah Mhies Dept r<n>ort lor 1937, 209 639 flame safety lamps used in British mines, of whieh 
102 662 were Manaui; 105 081 had an inner metal chimney. There were also 407 318 deotric 
safety lamps. 

Sind end qtwntity erf oU for safety lamps. At first sperm, seal, and lard oils were used; 
then vegetable oils, from rape, cabbage or cotton seed; Snally mineral oils have been 
increasingly used; more recently, bensine, naphtha, and gasolene. British authorities 
reiquire oils which do not vaporise at temp to which they are subjected in the oil-vessel. 
In the XT S, for Davy, Clanny, and other British lamps, high-test gasolene is commonest; 
sometimeB railroad signal oil (a low-proof mineral oil, with little incrusting residue). For 
the Wolf type, gasolene of 70 to 76° is usual. QuAimry of oil, burniod in safety Uunps 
in lO hr generally ranges from 500 to 700 gm. A lamp of the Wolf type with fiat wick uses 
about 738 gm braz^. 


Table 9. Characteristics of Representative Safety Lamps 


Name 

Oil used 

Air entering with 
rderenee to flame 

Combus¬ 
tion chim¬ 
ney 

No of 
gauzes 

Bonnet 

orig’l 

lamp 

Candle 
power (6) 

Davy . 

Heavy oil 

Below or above 

None 

One 

No 

0. ISto0.2S 

Oeordia. 

t 4 

Below 

« i 

4 4 

No 

0.1 to02 

Clanny. 

t • 

Above 

4 1 

1 1 

No (a) 

0.3 to 0.4 

Mueader. 

Heavy cdl or naphtha 

« 4 

Chimney 

« 1 

No (a) 

0.4 toO.S 

Maxsaut. 

Heavy oil or naphtha 

« 4 

None 

2<n- 3 

No (a) 

0.3 to 0.5 

Evan Thomas.. 

Heavy oil 

Eflsentially bdow 

4 4 

One 

Yes 

0.4 to 0.5 

Ash-Hep-Gray. 

Light mineral oil 

Below 

Essentially 

• 4 

Yes 

0.5 toO.6 

Wdf (type).... 

Naphtha or gacolene 

Bdow 

None 

2 

Yea 

0.6 to 1.0 


(a) Now frequently provided with bonnets, (b) Candle power horisontally without refieetor; 
siiimle and improved types. The great variation in candle power obtained by different investigators 
is dw partly to non^standordisation of photometric methods, but chiefly to differences in sue of 
lamp, burner, height of flame, and kind of oil used. 

Details of safety lamps. Locks should be on lamps in all gaseous mines; best type is 
the magnetic, which can be opened only in a special magnet holder. In Great Britain a 
lead seal is common; it passes through lugs to prevent unscrewing and can be stamped 
with a date. In " open-light mines," examiners often use a lamp locked with a key. 
Bonnets are advisable in rapid air currents, but in Germany, where air veloc is kept low, 
the bonnet is often omitted, so that gas flaming up in the lamp may be Quickly seen, and 
condition of gauze easily noted. Gauze mesh was formerly 28, now in Great Britain 
may be 20 wires per linear in. Two gauzes are best, one serring as reserve if there are 
holes in the other; also the space between tends to retain gaseous combustion products. 
An unbonneted single-gauze l^p is unsafe in a current of over 300 ft per min; at 450 ft, 
flame will pass through gause in less than 2 min. 

Permissible-flame safety lamps approved by U S Bur of Mines (1937) are the Koehler 
and the Wolf, each with flat or round wicks, magnetic lock, double gauze bonnet, and 
ahuninum frame (or Koehler with steel and Wolf with brass frame). 

Lamp house. As a rule, safety lamps are supplied and kept in order by the mining company. 
They should be systematically cared for in a fireproof building, well Ught^ by windows, and by 
protected incandescent lights. The house should be near the mine entrance, but at least 60 ft 
from it, to be safe from explosions. No one but lamp tenders should be permitted to enter lamp 
room. Miners, on coming from the mine, must deliver their lamps in this house, where tbejr an 
taken apart, wdl cleaned (especially the gause), the oil vessel filled, and new wicks, asbestos washers, 
and otiier parts supplied if needed. The lamps are reassembled, tested by breath or by a eom- 
preased-air blowing device, and hung up in order. Each man should be furnished the same numbered 
. lamp each day. Lamps an delivered to men entering the mine by a checking system, which, in 
ease of accident, insures identification by .lamp or check number. 

Relighting safety lamps. In a gaseous mine lamps should be magnetically locked and 
no one idlowed to carry matches. Even in a so-called non-gaseous mine, lamps must not be 
opened aad rdigbted with a match. Lamps are relighted in 3 ways: (a) Internal 
iGNmm. in the lamp itself (see Wolf lamp). Not favored in Great Britain, because an 
«ex|>h>ri0n' inside the lamp while being rdiit might be communicated to explosive gases 
outside. (5) Eksctbic luuaHTBa, consisting of a steel box into which tiw lamp may be 
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^ut, with a lighting pin extending tidrough the oil reservoir nearly to edge of wick tube; 
current from a aeemidary coil passes through the pin and (»uses sparks at top of wick t»b 6 , 
relisting tiie lamp. The coil is excited by storage battery, dry cells, or magneto with 
extamsl crank, the whole being enclosed in the box. Batteries generating even minute 
amounts of hydrogen are objectionable, as an internal explosion has been known to rupture 
the box. (e) RBLioHTiHa btationb (in charge of '* fireboss"} located on intake sir 
course. As ^ey are few in number, men may have to go some distance for relighting. 

Testing for firedamp (40). Fir(^amp (chiefly CH 4 ) increases height of a normal flame, 
and this increase, proportional to percentage of gas present, furnishes a quick indication 
known as testing with yumi fiamb; it is not reliable, as height of flame may vary with 
temp of oil and condition of wick, and wick may have been adjusted in air containing gas. 
In percentages from 1% to just below explosive limit (5.5% *or slightly lass, especially if 
mixed with ethane), CH 4 burns with pale blue flame, and if the wick is lowered until no 
yellow light shows, will form a faintly luminous pale blue cap over, but not separated from, 
the primary flame. The latter should be not over > /g in high, if lamp is clean and the 
gasolene not too light. The cap takes some minutes to form, as the lamp must first fill 
witii the mine gas. Nearby lights must be extinguished or screened; height of cap is then 

estimated by eye, with allowance for normal cap. Wolf 
lamp permits estimate of as little as 1 % firedamp, the cap 
of which is about ^/ig in high. As the proportion increases, 
the cap becomes more distinct in color. 

In advancing rapidly through workings suspected of contain* 
ing gas, length of full flame should be observed from time to 
time. If flame has not been adjusted for 0.5 hr prior to leaving 
on intake current, any increase in its height, or elongation of the 
norm.al flame into a high slender one (spiring), is due to CH 4 , 
w'hicb should then be tested with flame drawn low. Natural 
gas, occasionally found in U S mines near gas or oil districts, 
behaves like CH 4 in a safety lamp. 

Height of cap (Fig 5) ranges from about 0.20 in to 
more than 1 in, varying with different lamps and oils, and 
with height of test flame. As the latter is increased, Win- 
Btanley (87) found that height of cap increased faster when 
more than 3% firedamp was present. He believes that 
density or visibility of a cap is a more reliable indication 
than mere height, and that to estimate percentages cor¬ 
rectly requires familiarity with variation in height and 
visibility for different percentages of gas and sizes of flame’. 

Tests of firebosses end examiners in a Scotch mine (42) showed: (a) that ordinary quick inspee- 
tion did not detect less than 3.19% CH 4 , in some cases much greater percentages; ( 6 ) careful testing 
detected minimum percentages varying, with the individual, from 1.06 to 4.42, aver 2.65%; (c) 
smallest pe^ntage detected with a luminous flame, 2 . 11 %; (d) mas percentage escaping detection 
varied from 1.31 to 3.05, aver 2.16%. 

Effect of deficiency of 0 and presence of COj on eafety-larap flame is shown in Table 10, 
of tests run in a closed chamber until the atmos became extinctive. Since several per cent 
COf may replace an equal percentage of N without appreciable effect on a flame, the 
reeultant loss of illumination was 

due to deficiency of O, showing jgble 10. Effect of Deficiency of O and Presence of 
importance of keeping the O eon- COj on Safety Lamp Flame 

tent of mine air above 20 % to 
get good illtunination from fuel* 
burnmg lamps. 

Special lamps for testing fire- 
daait]i, like the Clowes, Picler and 
Chesneau, have been used by offi¬ 
ciate and investigators, hut are of 
little value as compared with ana¬ 
lytic methods, and are somewhat 
dangerous as working lamps. They 
hays been superseded by gas detec¬ 
tors and indicates, as the Burrell, 

UCC and MSA (51); or by 
sampling and analysis. 


Time 

Light, 
in pp 

Per cent of 

Temp, deg F 

Calculated 
%ot 
moisture 
by vol 

•0 

0 

9 

Dry bulb 

Wet bulb 

11.50 

0,405 

20.90 

0.05 

65.3 

56.3 

1.15 

12.13 

0.370 

20.66 

0.25 

69.0 

59.2 

I.2S 

12.28 

0.315 

20.34 

0.52 

70.7 

65.3 

1.80 

12,43 

0.270 

19.88 

0.83 

72.5 

67.1 

1.80 

1.3 

0.170 

19.34 

1.26 

74.3 

69,0 

2.00 

1.23 

O.ll 

18.92 

1.71 

75.6 

70.2 

2.20 

1.45 

0.045 

18.28 

2.17 

77.0 

75:2 

2. SO 

2.3 

0.00 

18.01 

2.40 

77.0 

75.2 

2.«1 



Haight of OU-aiuao, te 

Fig '5. Increase in. Height of 
Cap with Increase in Size of 
Testing Flame 
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10. ELBCTBIC LAMPS ASfD LIGHTS 

Mineri* eieetrie lamps for gaseous mines were introduced about 1895 in Belgium. They 
.have been developed largely in conjunction with mine rescue work, but are replacing fuel- 
burning cap lamps for ordinary use. 

In the U S, mine lamp makers report that there are in use (1938) 379 867 elec cap- 
lamps ^about 80% with alkaline batteries), 756 hand elec lamps (used by officials), 4 000 
elec signal or haulage trip lamps, and 1 600 animal haulage lamps. Of 616 867 safety 
lamps used in Great Britain in 1936, 66% were elec; of the latter, 13% were cap lamps. 

Permissible electric lamps. Tests show that though there is no danger (at voltage and 
amperage used) of enough outside sparking in tise to ignite firedamp, yet if a bulb is broken, 
the glowing filament may ignite. Hence lamps must be designed to break the elec circuit 
the instant the outer protecting glass is broken. 

U S Bur of Mines now requires a 12-hr aver lightinK intensity on 1 charge of at least 0.4 candle 
pow«' (42, 43). Permissible oap-iampe now used are the Edison and Wheat, and there are lA typea 
of hand elec lamps on the permissible list, including a flood light and a pneumatie elec semi-portable 
lamp (91). Hand elec lamps are used in the U 8 for special service only, like rescue work. There 
are now permissible “trip" (car) lamps and one permissible flashlight. 

Bur of Mines has recommended that: (a) in all cool mines portable lampis for illumination be 
permiseible electric lamps; (i>) where firedamp or blackdamp may occur, a permisaibie magnetically* 
locked flame safety lamp for gas detection, or equivalent permissible device, be supplied to at least 
one experienced employe in each such place; (c) any employe, before being supplied with a permisaibie 
flame safety lamp, be examined by a competent official to assure the man's ability to detect gaa; 
(d) all coal mines, even if classed os non-gaseous in any part, be supplied with magnetically locked, 
permissible, flame safety lamps, in sufficient number for all inspection purposes. 

Elec cap-lamps have in general been approved in Europe, except in thin and pitching deposits, 
where the battery bung at the miner's back is inconvenient in narrow workings. 804 Ceag dec 
lamps in an English coUiery showed aver of 1.03 cp at beginning of shift and 0.76 at end (87); 
eost per lamp per week for 4 276 Ceag lamps in 1-yr period, 3.1^. British requirement, effective 
Jan 1, 1916, is 1 cp at beginning and 0.6 cp at end of day. 

Electric lamps with gas-indicator attachments. In Great Britain the Bingrose automatic 
alarm indicator and Thornton automatic elec indicator were approved by Mines Dept, but have 
not passed the trial stage. 

Advantages of elsctric lamps compared with safety lamps: (a) Improved illumination. With 
esp lamps the illumination is where most needed, in direction towards which the person looks, (h) 
No danger of igniting firedamp through a defect or improper cleaning, or through breakage, (e) Using 
cap lamp, both hands are free for work, (d) No gases given off in burning. («) In an atmos contain¬ 
ing less than 20% O, the effio does not fall off as with safety lamps. DisanvANTAOs: no means of 
tasting for firedamp. But this is rarely serious for a working lamp, as foremen and fire-boeses make 
tsets periodically with flame safety lamps. 

Flood lighting; especially applicable to collieries having concentrated mining systems, 
involving mechanical coal cutting and loading, and use of face conveyers. Two types of 
portable flood lights were approved by U S Bur of Mines in 1931, but have not yet been 
widely adopted. 

Dry-cell electric lights (flash lights) except one special, do not meet requirements of permis¬ 
sibility for efficiency, or for eafety in the matter of not opening out or cutting the circuit if the bull’s 
eye be broken. But, this is unlikely to occur under conditions of use, and they are otherwise safe, 
except those having exposed metal parte of opposite potential, the use of which, where electric 
shot-firing is done, introduces the hatard of premature firing by accidental contact with the wires. 
This would not apply during rescue work, for which they are very useful. Ae they coat about 26^ 
per day of 9 hr, they can not compete with storage-battery lamps for every-day use (87). 

Elsctric lighting from circuits. Incandescent lights, from power or speciaJ circuits, 
are widely used in metal mines, open-light collieries, and to a limited extent in the intake 
gangwrays of gaseous mines. They are of greatest advantage along main haulage entries, 
slopes, in stables, at shaft bottoms, and on sidings; also for signaling purposes on electric 
trolley haulageways. They are unsafe on return airways of gaseous mines, since if a bulb is 
tooken the filament will ignite firedamp; or, even if insulated, the feed lines may be sfaort- 
oireujted, diue to wear, deterioration, or fall of roof, and an arc thus caused would ignitg 
firedamp. 

Where fixed elec li(^ts are permitted by state regulations, they should be installed as 
prescribed in the National Electric Code, approved by the Amer Standard Assoc " for 
CUim 1, hasardous locations ” (in explosive atmospheres of dust or gas); the lamp has a 
heavy gjUuM globe, sealed to the fixture, surrounding the bulb and protected fay metal 
Boariig (46). For lurthsr protection the globe might be fill^ with an inert gas. 

Elaetric B gb6«g from compressed air Unas is being widely introduced in Europeaa 
boiuarks, asp6ohi%^ in Oennany. The air, earried by a rubber hose, drives a tiny turbo- 
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generator, furnishins current for the lampa; one hoae may serve 8 or 10 lamp*. Ifthehoae 
ruptuies, uhe generator stops, as do the lights. The assemblage is easily moved as the 
face advances. One ppeumatic elec light of British make has been approved by U S Bur 
of Mines. In 1936,1 607 such lights wore in use in Great Britain. 

Reflector signs, lighted by headlights of oncoming vehicles and widely used on highways and 
automobiles, now find use in mines. Ordinary signs (as at switchstands and turnouts), which can 
not be seen for enough, may be made visible for su^cient distances by studding the lettera with 
facet-cut reflector buttons. Also, a movable lighted stand is set up where repairing or tilmbering 
is being done (47). A man travding haulage ways for twitching or inspection might well wear a 
•mail reflector button on his belt in case his light goes out or can not be properly seen. 

11. APPARATUS FOR DETECTION OF GASES, FOR USE 

WITHIN MINES 

Safety lamps (fuel-burning) for detecting firedamp (see Art 9). Other appliances for 
detecting or analyzing mine gases are as follows. 

Firedamp detectors, which are of a number of types: 

(а) Those depending on difftision of gases, or otmoais. Example. Webster firedamp indicator 
(62), consisting of a porous inverted pot, the bottom closed by a sensitive diaphragm, movement 
of which deflects a pointer. Pot is surrounded by porous, non-conducting and drying material; 
outside of this are gauses between which is a material which will absorb CO,. A tight cover sur¬ 
rounds the whole; put on in pure air, and taken off for making a test. Due to ite lighter density 
CH,, if present, diffuses through the poroiw material faster than the inclosed pure air, causing 
pressure which acts on the diaphragm and deflects the pointer. 

( б ) Haber firedamp whistle, brought out in Germany (1913), records presence of CH, by the 
difference in density of sir and CH, mixtures, which causes a difference in sound waves. There 
are two whistlee having the same note; one is in a pure-air container, the other ia expoaed to the 
entrance of the air to be tested. Both are blown simultaneously by mechanical means. If CH, 
is present the whistle exposed to it gives the higher note. 

(c) Shaw gas-testing machine (62) is not portablp, and must be used on the surface. It has 2 
cylinders, one containing pure illuminating gas, the other the mine air to be tested. Meaeured 
quantities, obtainable from either cylinder by mechanical means, are mixed and passed into an 

. exploding chamber, whore the mixture is ignited. Force of the ignition causes a gong to strike. 
If the air contains some CH,, less of the gas is needed to make the mixture explosive. It is a 
laboratory apparatus, is expensive, cumbersome and inefficient, compared with the more accurate 
quick-analysis apparatus. 

(d) Detectors employing catalytic ageata, as platinum and palladium. If these are brought 
into the presence of gases like CHt, the so-called “catalytic" actions cause a slight rise of temp on 
their surfaces; this effect is made mote noticeable with sponge platinum or palladium. It is utiUsed 
to heat adjacent substances which give indications in various wasrs. In the Subsmam eubctbic lakp 
OKTBCTOH (SO) by heating a mercurial thermometer the rising column of mercury touchee sealed 
terminals, thus completing an electric circuit that lights a red bulb. In the Holmbs-Aldebsoh fibb- 
Oahf cutout the beating of a compound strip of two metals, of different expansion coefficients, 
causes it to curve and complete an electric circuit. This energises a magnetic solenoid which opens a 
switch cutting out the power circuit beyond. In the Holmes-Ralph pobtabeb bx.ectbic r.AWP 
ATTACHMENT (SO), by the eelf-heating of a platinum wire in the presence of CH 4 a change in electric 
resietanoe is caused, indicated by a galvanometer needle. The amount of heating in these devices 
is so smkt! that adjustments are very delicate; and as the degree of catalysis decreases with use, 
none of these detectors has yet been found practicable for everyday use. 

(e) Liveing’s firedamp indicator (49, 87) depends on increase of heat due to CH 4 burning on 
surface of a glowing coil. Two Pt coils carry current from a hand-operated magneto; one coil ie 
in an air-tight tube the other exposed to atmos in a gauze cylinder; tube and oyl are on a common 
axis, their near ends enclosed in glass, with a photometric screen between. In a CH 4 mixture 
the exposed coil glows more brightly, and the screen ia adjusted to obtain equal lighting; the extent 
of adjustment on a calibrated scale ehowa % of CH 4 . The indicator ia too delicate for ordinary use. 

(/) Ldou and Ralph datectora (60) use a hot wire for surface burning of CU 4 , which raises tsmp 
of wiare and increases its sleo resistance. The resistance, measured with a Wbeatiitone bridge 
against that of a wire is<^ted from the mine air, indicates per cent CH 4 . 

( 0 ) Recent portable firedamp deteetora and indicatora. None of the foregoing typee 
has proved satisfactory, and new ones are being brought out, especially for attaching to 
minerp' storage-battery lamps (60, 61). 

A tfictinction has been made by U 8 Bur of Mines 'between a onrBcroB which merely shows 
praoenM vd gas. and an nnncATiMo oeivotobi which indicates with some precision varying pmv 
nentages ,ef CH 4 in Ute air. Many of these are not auffieiently precise ur reliable for official apprsmd. 
Mbtham’b snrBCTOBs: 1. Wolf, fpr attachment to hand storage^battery Igmpa, is a very Bnhfl flajha 
ttfety lamp; 2, M. and K. (German) depends on diff«enee in density of OH 4 and ah (smsfl'sHid 
’^rtable); 3 . Martienssen (German) has a hot-wire loop, srith a iheaiedl^tsli^i aJ&eriaf'ta parts 

the wire. It has a dry cell, and is smati eaough to be carried ia -a coat pocket; ,4.. OulUford 
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(Britisb) (Sl)„ winc th« kmt«4 wir* prmcii^i ia attadiwl to atoraco-battory laitapa. Whan oorrant 
ia awitebad on, tfaa fine platinum wira ia boated dull rad; il fira-damp is prasant, tlm wire .slow* more 
brisbtly; it expoaed to 3% CH 4 , it fuaaa and breaka the circuit. A fraah (uae-wir* » then inaerted. 
It baa been'found aafa for gaaaoOa minea by the Britiak teating atation; 5. Burrell indicator (SI) ia a 
portable volumetric gaa-mtalyaia appnratw, carried like a aafety lamp. CH 4 is drawn into it by auo> 
tion, ia burned off by a hot wire through a connection to a miner'a electric lamp battery, and the 
contraction of volume ia indicated by height of water in a tube, with a parallel aeale for direct read- 
ing in tentha of 1% CH 4 . It ia accurate within 0.2 of 1%, haa been approved by U 8 Bureau of Minea, 
but ia leas uaed than lat» permiaaible indicating'type detecton (51) aa foilowa: U C C; MSA 
model 3, type AP with dry-cell battery; MSA model 5, type AP with Ediaon models H, J or K elec 
eap lamp; MSA type W -8 with Ediaon model K cap lamp. 

(A) Ringrose firedamp alarm and Ringroae detector are connected to hand elec lights. The 
alarm uses a poroua pot aa combustion chamber, into which a continuous current of mine air passes 
through gauaee, the CH 4 being burned off by a hot wire and leaving a partial vacuum in (he pot. 
The vacuum, acting on a diaphragm, lights a red bulb aa a warning when CH 4 exceeds a minimum 
previously fixed by adjustment. The detector usee the same principle, but warns by dimming 
the working lamp. Approved by British Minea Dept and is of limited use in Great Britsdn, but not 
approved by U S Bur of Mines. 

Hot-wire, fixed, underground station indicator. A loop of current-carrying wire, inserted In a 
safety lamp, is heated by the turned-low flame of the lamp. The change in electrical resistance of 
the circuit may be indicated by a voltmeter at a distant point, as in the foreman’s office. The 
objection to leaving an unattended light, even though a safety lamp, makes it unwise to use the 
device underground in this way. But such indicators are advantageous for laboratory testing of 
explosion-proof mining appliances. 

Continuous methane recorders, enclosed to prevent ignition of CH4 and with both remote and 
local signals to give warning of dangerous percentages of CH4, are much needed; one American 
ranker has produced trial types, but they require dose attention and expert servicing, and are not 
yet ofiioially approved. 

Blackdamp detectors. The behavior of an ordinar}’ lamp flame gives an approx idea of pro¬ 
portion of blackdamp present, up to extinction of the flame by a 3 to 4% deficiency of 0, which may 
mean 15 to 18% blackdamp (Art 2). The Haldane flame-test apparatus (41) consists of a graduated 
^ass tube, 7 in long, 0.75 in inside diam, into which ia inserted a lighted wax taper, I/M >» diam, in 
a thin slit brass holder. Held vertically, the taper induces an updraft, which becomes stronger as 
the taper is lowered in the tube, and if more than 1 % blackdamp is present, will finally blow out the 
flame. As per cent of blackdamp increases, less draft ia needed to extinguish and the taper ia not 
lowered as far. The device does not detect CO dangerous to health, nor firedamp, nor ihow rela¬ 
tive proportions of COj and N, and is affected by humidity, but is valuable for daily use in open- 
light mines. The tube is graduated for an aver mine atmoe condition of saturation at 64” F, at 
which water vapor is 1.2% of the wt of mixed air and vapor, or 2% by vol at 760 mm press. 

Ggg analysis. Ordinary devices for detecting one constituent may fail in tiie presence 
of other gases. Thus, a good aafety lamp, capable in experienced hands of detecting as 
litUe as 1% CH 4 in otherwise good air, will have its indications masked or the flame 
extinguish^ if 3 or 4% of blackdamp is present, or 0 is deficient. Manx OANoanoos 
CONDITIONS or MINB JLIB CAN BB DBTBBBCINBD ONLY BT ANALYSIS (55.56). Analyses of 
adjacent atmos cue of particular value in fighting mine fires, especially when these are being 
se^ed off; also in recovering fire areas, when it is not known whether the fire is out or 
only smouldering. Aiudyses of air from a fire area have sometimes indicated grave danger 
of explosion; so that the men were withdrawn from the mine or workings, to be out of 
danger, and the workings sealed to prevent entrance of air (Art 15, 19). 

Control of ventilation in gaseous mines by daily analysis of the return currents from 
each ventilating area has been adopted by several large coal companies in the U S (56), and 
by the Ronchamp collieries, France, since 1891. Other French collieries constantly sam¬ 
ple and analyse the air from the various working places. In German and Belgian col¬ 
lieries, control by analysis is widely employed. (Ireat Britain, in 1911, established regu¬ 
lations requiring that CH4 and CO2 sh^l not exceed certain percentages, thus practically 
compelling analysis. Similar requirements are made from time to time in other countries 
(Art 6 ). US Bur of Mines, in regulations for coal mining on the pubUe domain (90), 
recommends systematic mine-air analysis. 

Methods of gas analysis. For general methods, see books on chemistry (55, 56), but exact 
determinations require services of experienced chemists, and well-equipped laboratories. In recent 
years quick volumetric methods have been devised, by which determinations of ordinary gases can 
he madf by men without chemical training after a httle instruction, to within 0.2 or 0.3% of the 
ewt periwatage. This is sufficiently accurate in practice, except in case of CO. When CO is 
present there is always enough COj aecompsaying it to be readily determined by fidd analysis, 
and to #▼* warning of dangerous conditions. CO ia dangerous amounts is never found in coal 
'mines except ia afterdamp of explosions and mine firee^ when it is wariy always present in dangerous, 
H not fatal, quandties,. Tn these conditions, particularly if there ia much (20t, the presence CO 
would alqraye he euspeeted, and a oaaary bird, which ia very eenaitiva to CO, should be oairiad in 
A cqgf by mea eutwiag auoh atmos (64) (Art 14.15,17,18.19). ” 



23-30 MINE AXB, GASES^ DUSTS, HYGIENE 

CO detector, a pocket-niee instimnetit, is valuable for rescue aud isvestigatioa orewe. 
Tbo tube Is fUled wi^ Hoolaiuite (trade name for activated iodine pentoxide)■by' drawing 
air throueb it by an attached bulb (after breaking the sesUng tip). If more (X) is present 
than 7 parts''in 10 000, color of the Hoolamite dianges from gray>white to ipeen, color 
intensity varying with % of CO. Comparison with a color diart shows approx % present. 
Ptbotahnic DBTBcroH (portable), for finding the % of CO in blood of a praeon exposed to 
air containing CO, is also useful for rescue and first-aid crews. , 

Portable gas-a^ysis apparatus is of the volumetric-determination type. That first 
used for mines in the U S was the Orsat, widely employed for analysing flue gases. Similar 
apparatus has been used in Europe. Burrell designed a modified 
Orsat (5G); extensively used for mine rescue and fire-fighting. 

Of the 4 pipettes in Fig 6 , a contains KOH solution for absorbiag 
COa; h contains alkaline pyrogallate solution for absorbing O; c eontaina 
ammoniacal cuprous chloride solution for absorbing COl a, 6 and e 
contain glass rods to increase absorbent surface; d is a alow-combuation 
pipette for burning off CH 4 , ignited by a Pt wire connected through 
sealed wires to a miner's elec light storage or dry-cell battery, the 
pipette being initially filled with diatiiled water slightly acidified widi 
H 28 O 4 ; e, burette of 50 or 100 co capac, graduated to 0.2 cc; / and 
g, leveling bottles; k, aero mark; i, stopcock; k, open end of glass tube 
leading to e and connected by branches to the pipettes. The apparatus 
is housed in a box 12 in high by 6.6 in wide and 6 in deep for carrying; 
front and back covers being removable. 

Operation. By manipulating / and g, levd the sohitioa in each 
pipette in turn to a mark on its capillary tube connection, then dose 
individual etupcock. By means of g, raise water level in • to aero 
mark A, stopcock t being open to tbo air. Connect a rubber tube at k 
and insert its free end in sample bottle, which has been inverted and 
uncorked under water By lowering g, draw a measured vol of mine 
air into e, usually all it will hold. Manipulating g and opening the 
Fig 6. Modified Oreat proper etopcocka in turn, pass this sample successively into a, b and c. 
Apparatus for Complete each time returning it to e for measurement of loes of vol by absorption. 
An alysis of Mine Air Then pass remaining gas to d, burn off CH 4 , if any, and repass through 

a to determine COj produced by the combustion (Table 11). 


Table 11. Example of Results of Gas Analysis 


Initial sample. 

GO 

50.0 

After pass through e.. 

CC 

4 40,4 

After combustion. 

CO 

. 45.3 

After pass through a. .. 

48.7 

CO atoorbed. 

. 0.4 

Loss by combustion.... 

. 4.1 

COi absorbed. 

1.3 

Pass into d . 

. 40.4 

After repass through a.. 

. 43.4 

After pass through b. .. 

40.8 

Oxygen added. 

. 9.0 

COs by combustion.... 

. 1.9 

Os absorbed. 

7.9 

Total vol in d. 

. 49.4 

Hj - 2/8 (4.1 - 2(1.9)) 

- 0.2 


Results; CO 2 , 2.6%; O 2 ,16.8%; CO, 0.8%; CH 4 . 3.8%; Hf, 0.4%; Nt by difference, 76.6%. 


The small apparatus specified can be used within the mine, provided the work is done where 
the air is good and the safety lamp shows no dangerous amount of firedamp. A larger apparatus, 
of 100 ee capacity, is preferable for close determinations, but is more bulky to carry. The larger 
■iae is need in the IT S Bur of Mines’ rescue stations and cars. Haldane has a compact apparatus 
for determining only COj and CH 4 . 



MINE ACCIDENTS AND THEIR PREVENTION 

12. ACCIDENTS m COAL MINES 

Proper precautions greatly reduce accidents, as shown by comparing the rate of 
aeoidento in mines where special care is taken, with the aver rate in same district. 

Cemparisons may be based on; (a) number killed or injured annually per 1000 emldosred; 
(h) nombw killed or injured annually per million tons coal produced. Basis 6 is sometimes pm<> 
fnTed,.bv' egleets the influence of local conditions on output per employe, and the question of 
eompuW " n ining mit of ail coal in thin and thick beds and baok-4Uing excavaUonB''to prevent 
surfam etbe'ience, as required in France and Bel| 6 um. Men engaged in back-filling operaflbns 
M^^fkpOsed to mining haaarde, but prodpoa no coal. Many ajithoritka believe thkt, wMle baiAi^ 
^Innot Meal, it affords a better means of comparison; m<»eover, basis 6 is hoi praetieslile for earn-* 
'.ijitriaoaB wito metal mining (&7). 

US Bur of Mines basis (until 1030} lor its sto&tieal comparieone is the number M aeddUnts 
yv per 1 000 OOOMay workers; thus ssiiitning that the tainiag risk, whieh might be fer only 100 of 


















ACemSNtS IN COAL Mmss 


2$-31 


SOO for 800 abifta in' tli« jroar. Thia <ivfw o trowr eomiMTisoa' botWeoa 

atotM or eountrieo, ond kinds of miniat in orklolk iiamiMr of working dnya nad kind of atiMnd 

miaoil might widely differ. r. - * 

, Table 12 ahowe a favorabie'redtietion in acddent ratae. but mon striking in the kiUed per ton 
produaed, then in Icilled per hr of epiployiaent, chiefly due to greater p^uetivltr per man from 
Inoreaatng meehanisation. " 


Table IS. Prodnctioai Xfumber of Bmplejref, Dapa worked, Man-hourg, and Ifuatber 
]3«aths per Million Hre and Million Tong Produced, in U S Coal Miiwg (a) 


Year 

Production 

1 000 tons 

Employes 

Ac¬ 

tive 

days 

1 000 

Man-ahifts 

1000 

Man-hours 

KiUed 

Killed 

per 

million 

man* 

hr 

.Killed 

per 

million 

tons 

Ton 

per 

man- 

far 

1921 

506,395.401 

823,253 

173 

142,358,691 

1,145,738,000 

1,995 

1.74 

3.94 

0.442 

1922 

476,951,121 

844,807 

144 

121,516.822 

979,995,000 

1,984 

2.03 

4.16 

.487 

1923 

657,903,671 

862,536 

195 

168,193,738 

1,356,089,000 

2,462 

1.82 

mSa 

.405 

1924 

571,613,400 

779,613 

192 

149,968,980 

1.207,475,000 

2,402 

1.99 


.473 

|925 

581,869,890 

748,805 

192 

144,068,232 

1,160,334,000 

2,234 

1,93 

.3.84 

.501 

1921-25 

2,794,733,483 

4,059,014 

179. 

726,106,463 


11,077 

1.89 

3.96 

.478 

1926 

657,804,437 

759,033 

221 

167,027,732 

1,352,840,000 

2,510 


3.83 

.486 

1927 

597,858.916 

759,177 

199 

150,919,350 

1,219,079,000 

2,231 

uH 

3.73 

.490 

1928 

576,093,039 

682,831 


140,604,141 

1,135,543,000 

2,176 

Ita 

3.78 

.507 

1929 

608,816,788 

654,494 

W3i 

144,463,453 

1,160,551,000 

2,187 

1.87 

3.59 

.521 

1930 

536,911,136 


192 

123,893,697 

1.002,691,781 

2,063 

2 06 

3.84 

.535 

1926-30 

2,977,484,316 


208 

727.708,373 

EEEOHiBGiEI 

11,175 

1.90 

3.75 

.506 

1931 

441,750,978 

589,705 

168 

99,264,019 

804,394,130 

1,463 

1.82 

3.31 

.549 

1932 

359,565,093 


149 

78,745,344 

636,391,330 


1.90 

3.36 

.505 

1933... 

383,171,877 

523,182 

171 

89,225,732 

719,148,559 


1.48. 

2.78 

.533 

1934... 

416,536,313 

566,426 

184 

103,940,220 

769,430,678 

1,226 

1.59 

2.94 

.541 

1935... 

424,632,005 

565,202 

180 

101,571,654 

732,607,581 

1,242 

1.70 

2.92 

.580 

1931-35 

2.025,656,266 

2.772,138 

171 

472,746,969 

3,661,972,278 

6,202 

1.69 

3.06 

.553 


(a) Compiled by Adama. Qeyer and Parry. Bur Mines, BuU 409 C1938). 


Kon-fatal aticidftntif in U S Table 18. Number of Injortea and Acddente of 
coal Sneg (Table 13). Until Coal-mine Employee in U S (o) 

1930, non-fatal gtatwtics were un¬ 
reliable due to variations in mode 
of gatherins them in different 
states; but, from 1930, the Bu¬ 
reau obtained data directly from 
mine operators. Tables 12 and 
13 show ratio of total injuries to 
fatalities in 1930 was about 50 
to 1; in 1935, 63 to 1. The Brit- 
i^«Mines Dept, 1936 report, 
shows 155 injuries to 1 fatality, 
but,allowance must be made for 
diffesences in defining minor in¬ 
juries. Note. —A table of acci¬ 
dents in the different states of 
U 6 in 1914 is omitted here (see p 1542 of 2nd edn of this book). 

Table 14 shows a higher fatality rate per 1 000 employes in 17 S than in Europe, bi}t 
lower per ton, due to large amount of dead work done m the deep and pitching Etmqjiean 
coal b^s, to meet requirements of extracting both thin and thick beds and baok-fiUiiig 
mcavatioiis. 

Prevenlloa of coal mine accidents. Probably 90% are preventable; at least half 
are due to recklessness, alMent-mindedness, or i^ranco of the victim; the otherto 
oareless acts of fdlow workmen, and to deficiencies in equipment and organissitum* Fol¬ 
lowing ansJb^t covering 1930 to 1935, is in the order- given in Table 15. « 

„ (1) f allfl of eauied 4dl.to 906 deaths per year, or 47 to 51% of total ttttderflftnwid 

^^tslities. Most pf tiiem were doe to insuffieient propping near tiw faee. 11m ii|niber 
would be Doaf^: Deduced srsTBMaTic, hbouiab ako cuMm sPAciwa nillMMin, 
y^rtilaas M ai^^mitiy sale coition of roof. This is general ^ractfee kt Eon^Oait idol.. 

ij—*» 


Year 

Number of injuriee 

Rate 

Perma¬ 

nent 

total 

diea- 

biUty 

Perma¬ 

nent 

partial 

dtea- 

bility 

Tempo¬ 

rary 

disa¬ 

bility 

Total 

Per 

million 

man-ht 

Per 

million 

top 

1930 

122 

2 606 

101 093 

103 831 

103.5 

193.4 

1931 

98 

1 773 

78 478 

80 349 

99.9 

181.9 

1932 

79 

1 448 

57 445 

58 972 

92.7 

164.0 

1933 

51 

1 290 

59 972 

61 313 

85.3 

160.0 

1934 

94 

1 610 

66 304 

68 008 

88.4 

163.9 

1935 

01 . 

t 793 

63 701 

65 575 

89.5 

154.4 


(a) Compiled by W. W. Adams, U S Bur of Mines. 










































































9 $^ MINE Am, OASES, DUSTS, HTOlEfE 


Tabl* 14. Fataliti** ia Coal Miaaa of U S aad'FoKoign CoaotriM (W. W.‘'Adama and 
' E. E. Qetain, Bur of Minea) 



Production 


1 000 
man-days 


Deaths 

Death rate 

1 

1 

Prod pep 

Year 

1000 
abort ton 

Employee 

Killed 

per 1 000 
employes 

per 

million 

per 

man-day, 

death, 
in 1 000 





(c) 

ehort ton 

short tun 

abort ton 


United States (ail coal mines) 


non 

336 911 

644 006 

123 894 

2 063 

5.00 

3.84 

4.33 

260 

1931 

441 751 

589 705 

99 264 

1 46? 

4.42 

3.31 

4.45 

302 

1932 

35* 565 

527 623 

78 745 

1 207 

4.60 

3.36 

4.57 

298 

1933 

383 172 

523 182 

89 226 

1 064 

3.58 

2.78 

4.29 

360 

1934 

416 536 

566 426 

103 940 

1 226 

3 54 

2.94 

4.01 

340 

1935 

424 632 

565 202 

101 572 

1 242 

3 67 

2 92 

4 18 

342 


United States (bituminous) 


1930 

467 526 

493 202 

92 326 

1 619 

5.26 

3.46 

5.06 

289 

1931 

382 105 

450 274 

73 349 

1 080 

4.47 

2.63 

5.21 

354 

1932 

309 710 

406 380 

59 260 

958 

4.85 

3.09 

5.23 

323 

1933 

333 631 

418 752 

69 882 

833 

3 58 

2.50 

4.77 

401 

1934 

359 368 

458 044 

81 648 

958 

3.52 

2.67 

4.40 

375 

1935 

372 369 

462 354 

82 292 

968 

3.53 

2 60 

4.52 

385 


United States (anthracite) 


1930 

69 385 

150 804 

31 SbS 

444 


6.40 

2.20 

156 

1931 

59 646 

139 431 

25 915 

383 

mtm 

6.42 

2.30 

156 

1932 

. 49 855 

121 243 

19 486 

249 


4.99 

2.56 

200 

1933 

49 541 

104 430 

19 344 

231 


4.66 

2.56 

214 

1934 

57 166 

108 362 

22 292 

268 

3.61 

4.69 

2.36 

213 

1935 

52 263 

102 848 

19 280 

274 

4.26 

5.24 

2 71 

191 


Great Britain (all mines under Coal Mines Act) 


1930 

281 090 

943 442 

234 828 

1 013 

1.29 

4.60 

i.iO 

277 

1931 

251 898 

877 141 

211 566 

859 

1.22 

3.41 

1.19 

293 

1932 

239 022 

827 439 


861 

1.34 

3.69 

1.21 

271 

1933 

237 256 

797 294 


820 

1.28 

3.46 

1.23 

289 

1934 

253 705 

797 699 

201 073 


1.60 

4.23 

1.26 

236 

1935 

255 902 

779 502 

199 550 

861 

1.29 

3 36 

1 28 

336 


France 


1930 

60 689 

292 540 

■■prjpim 

274 

masm 

4.51 

0.76 

224 

1931 

56 268 

276 540 


218 


3.87 

.79 

258 

1932 

52 115 

253 200 


180 

.89 

3.46 

.86 

290 

1933 

52 889 

242 840 


179 

.93 

3.38 

.91 


1934 

53 635 

230 340 


182 

.96 

3.39 

.94 

Km 

1935 

51 940 

219 610 

54 386 

187 

1.03 

3 60 

.96 



Belgium 


1930 

30 219 


47 631 


1.23 

6.45 

0.63 

155 

1931 

29 809 

BEm 

45 717 

mSl 

.99 

5.07 

.65 

197 

1932 

23 615 

138 316 

35 170 

Bnl 

1.13 

5.63 

.67 

128 

1933 

27 888 

134 933 

38 152 

129 

1.01 

4.63 

.73 

216 

1934 


125 705 

35 907 

177 

1.48 

6.08 

.8! 

164 

1935 


120 613 

34 207 

125 

I.IO 

4.28 

.85 

234 


Germany (except lignite mines) (b) 


19M 

153 215 

400 654 

IIS 559 

1 191 

3,09 

7.77 

1.33 

129 

1931 

127 152 

307 366 

88 294 

629 

2.14 

4.95 

1.44 

202 

•1932 

111 850 

250 284 

72215 

456 

1.89 

4.08 

1.55 

245 

1933 

117 359 

253 396 

73 129 

471 

1.93 

4.01 


249 

1934 

133 929 

285 601 

82 812 

459 

1.66 

3.43 

i.62 

343 

1939 

153 874 

343 106 

97 779 

471 

1.45 

3 06 

1.57 

327 


(a) Adjusted to year of 300 workdays per emidoye. (b) Includes Saar district sinoa Meb 1,' 193fi. 


lieriasi and the higher cost is justified hy low accident rate from falls of roofi espOdaUy ia 
FyaaoSi Belgium and Germany (TaUe 16). Roof should be raSQUBNTZiT TBSTsa b3( 
vif BataoK HBTBOD (striking roof with bar or sledge wiUi one hand and feeling with ftogen 
gf otiher band to see if portion struck vibrates). This supersedes the more uneerteinmodi^ 
ttf'dddfiag V sound. Important factors for prevwitiBg falls: aTarixaTio nauviuty 







































































ACCIDENTS IN COAL MINES 



in tiie U 8 is haulage scciduito. 




























































MINXI O&BBS, jDtmrisi) HYOIEKE 

TiMBVBH $ib each frorkinc plaear.iMotJas Fosaiaw, to inspect «ii8 instriiot ininors, tO M* 
that ordart to put up props are carried out, and to witiidxaw mea wheu aecMiary. 

Table 16. Fatalltlea la Coat ICiaea la 1668, .with Ratea pM 1600 Warkara 

«jW. W. Adams and E. E. Getiin. U S Bur of Mines' 


Cause 

k 

mm 

Gr Britain 

France 

Belgium 

GmrmsiUy 



Tot^ 

Rate 

Total 

Rate 

Totel 

Rate 

Total 

Rate 

Falla of roof or coal. 

664 

1.96 

458 

0.69 

90 

0.49 

52 

0.46 

vm 

0.61 

Haulage aocioentc und'g'd. 

228 

.67 

186 

.28 

14 

.08 

16 

.14 

■tlM 

.AO 

Goa and coal-dust explosions 

49 

.15 

37 

.05 

s • • 

, , , 

19 

.17 

IrS 

.08 

Blasting aoddents.. 

50 

.15 

16 

.02 

2 

.01 




f .06 

Electricity. . . 

45 

.13 

3 

.01 

SSI 

• • t t 


SSI* 


.0'] 

Other causes underground. 

85 

.25 

58 

.09 

14 

.08 

H|^l 

.05 

29 


ffiiaft accidents. 

25 

.07 

16 


HI 

.16 

14 

.12 

18 

Ka 

Surface accidents. 

98 

.29 

87 

. 13 


.21 

16 

.14 

45 

. 14 

Total from all causes. 

1 242 

3 67 

SCI 

1.29 

187 

i.03 

125 


471 

1.45 


(2) Roof falls due to knocking out props by car or machine. Similar in effect to 
“ Falls of roof,” but causes different. Fatalities, 4 to 34. In pitching beds (Penn anthra* 
cite mines) and where large mining and loading machines are used, care and machines 
must be carefully blocked. 

(3) Palis of face or rib. Fatalities, 77 to 146. Remedy, better side supports and 
spragging or blocking thick undercut beds, especially in pitching beds. In very thick 
seams all loose coal should be barred off, starting at top after blasting. 

(4) Rush of coal, rock or gob. Fatalities, 13 to 27. This is a special hazard in pitching 
beds. Remedies, better layout of workings, and timbering or walling to support over¬ 
hanging gob. 

Above 4 causes accounted collectively in 1635 for 664 fatalities (59% underground and 
63.4% of all), or 1.96 killed per 1 000 employes. The rates abroad are far below those of 
the U S. 

OUmr causes of accidents in U S (1930-1936). .Mine cars and locomotives caused 
from 179 to 325 deaths, or 16 to 21% of ^e underground fatalities. In level workings men 
may be run over or rolled between cars and walls on main haulage roads. These accidents 
are largely preventable by having good manwayb and compelling their use; ampub cubar- 
ANCB for a pathway along one side; whitewashed kefuge uousb, always on same side 
of track, and at regular intervals not exceeding 50 ft. 

Where haulageways are used as tnanwaye in a gaseous mine, only approved elec signs] lamps 
should be uaed. . In non-gaseous mines '‘protected" incandescent liohts at regular intervals are 
advisable. Locomotives should have good hkaduohts, and where possible a blocs-sionai, system 
(easily inetalled for elec haulage). Many accidents caused in "spraggiBg’' cars are preventable by 
proving BBAXBH. Accidents often occur in mule haulage by riding in front and standing on tbe 
tail-chain, instead of on rear of train; if necessary to ride in front, have a hovabub seat hooking 
over the ear end. Accidents while coupling ears, due to short bumpers, are frequent; bumpers should 
project at least 10 in, to provide 20 in clear space between ear bodies. In pitching workings, in ‘ 
whi^ can are hauled to the face by mule, locomotive or rope, automatic HiiraBO cab-biaioes will 
prevent ruaawaye. Good tbacxb and ct,XAM boadwayb are important. 

Gai ezploBions, burning gu and explosions of coal dust in 1618-25 caused 6 to 22% 
of total fatalities, and in 1930-35, 3.8 to 14.0% (Table 15). In 1935, 49 deaths (4.3^ of ^ 
underground or 0.15 per 1 000 employes) compare favorably with European statistics' 
(Table 17), due principally to adoption of rock-dusting and permissible explosivmi and 
maehinery. 

' Firedamp aoeidenta are mostly preventable by care on the part of mine officials. The chief 
factors are: frbuvemt iRavECTioN by competent firebosses and foremen and good TXNTii,ATiMa 
HBsnopa ^eluding large capacity fans; goc^ stopfungs ia room breakthroughs oi*etosseuta; usSTof « 
Kne br^ti^, and of overcasts, where possible, in place of doors; use of double and triple doors; , 
keeidM airways cleaned). Abandoned but open workings should be well ventilated, and regulgtiy 
inapeotOd, or else securely walled eff. Walled areas giving off firedamp under preMure ahcmld be 
vented drjiU-boleB from eurface. In gaseous mines, regular anolyeis of the sepamte spli|e ' 

able in eostrolling ventilation. In minea where firedamp is «rften found (whether olasiufk^ as gasedua. . 
or n«G SAFETY ia^mfb ox pebmibsible mineb’e beboti^c EAMFs eboidd fak vaed tArt Of 10)> Mised 
lights in the same mine,or district are a menace to sgfety. PEkmuknnm BXFUNUVae (Sec 47'Ait 9)' 
mould ^ used inatead of long-flamc explosivea OWleek powder ot cbmamltel." Maelitoe»salpihB id 
' gneifuBf tinlilfiriiu nhtriilil hn Anna hr rrmr ntiYri TYrrifr itTiinii'it Eleetitc-tiuUeylcwosBoPvcsww^i^ 





































ACCIDENTS IN COAL M1N3E:S 


ip tfiw {q vorkiog pImm «r Mtuni T«iii|]»tion •Btric* of gueooa loiMo; Bg|rf«iloa*prool 
loeomotivM k*ve rwontly baeo latrodiwed in th« eOUioriai of^U 
proof •torngo botteiipB on nino mr trcraka for foedinci underooittinat and otimr Aaohinw. Tliia ia not 
^)y aafe, but. by preyaatini alactrio paak-loada, ia baonomioal. Ignition of gaa haw oaeurrad from 
itaia of alMtria aignalliag waraa in raturn air oouraaa. 


Aeeidantg from egidosiyea, other than those leading to gaa or duat exploabna, in 
1930-35 caused 2.8 to 4.7% of total fatalities. They are chiefly produced ty: (a) pre¬ 
mature blasts, due to accidental ignition of black powder by open lights, cutting fuse too 
diort to allow time to get out of danger, forgetting a lighted first fuse while lighting others, 
or getting tools out of the wiy; (h) use of metal tamping bar. Only wooden bars aoould 
be permitted. Even copper-tipped bare are unsafe; (e> returning too soOn to investigate 
apparent misfires; (d) in electric firing, a lead wire may come in contact with a coal-cutting 
machine under power, or a power line, or with an unprotected dry cell or storage battery; 
(e) opening powder kegs with a steel wedge, or even a wood wedge, if there are sand grains 
emb^ded, may cause a frictional spark. PaUiET black blastino fowdbb, made in 
cylindrical cartridges with central perforation, and wrapped in oaraflin paper, is safer in 
handling and charging than granulat^ powder, but has a long flame and should not be 
used in gaeeous or dusty mines. Psbuissiblbs explosives should always be used in coal 
mining, as required in Europe. In “shooting off the solid,” they are not effic, being too 
quick in action, but that method is now barred ii most states. Added cost of permissilfie 
■blasting is insignificant per ton of coal. 

Electric firing is safer than fuse, provided that, where electric coal cutters are employed, 
ende of the leads are kept in contact and covered with insulating tape until power is shut 
off the machine and its leads. If electric firing is by battery, the latter (if dry cell or 
storage) should be so constructed that the binding posts are not in circuit until a recessed 
spring-opening button or lever has been pressed to close the circuit. Hani>-opsbatbi> 
UAONETO BLASTINO MACHINES are generally preferred. Use of power lines or connections 
to trolley lines is dangerous. For electric firing from the surface, there should be separate 
insulated circuits, and switch cutouts at mouth of every entry and working platee, to 
prevent accidental stray currents entering firing circuit, and the switch should be kept open 
until closed by a foreman as the men leave the mine before blasting (50). 

Stemming of explosives. For proper methods, see Sec 4, Art 8. (3oal dust should 
never be used. Mechanical stemming devices have not yet t)een approved by the U S Bur 
of Mines, because of the flame hazard. Extensive tests in Great Britain showed that 
3 parts sand with 1 part clay, and 3 to 5% CaCls to retain moisture, make a good mixture. 

Sheathing of explosives. The safety of permissible explosives ia relative. Although 
their flame is short and of small duration, they have ignited firedamp in fractured coal, or 
in fractured roof when being “brushed” in a gaseous mine. Sheathing cartridges with an 
t/s-in layer of NaHCOi, to cool the flame, has found favor in Great Britain; but not yet 
in the U S, due to increased cost of explosive, and necessity of drilling slightly larger holes. 


Substitutes for explosives, “cabdox” consists of a metal cylinder containing liquid COi and a 
combustible to be ignited by an elec cap; the liquid vaporises on heating, and the resultant gas, 
bursting a thin steel disk at the inner end of the cartridge, issues at high press, blasting the coal 
without flame. Efficient tamping is necessary to prevent the cartridge from being blown out of the 
hole. With approval of the U 8 Bur of Mines, certain types of Cardox find consideraUe use in mech¬ 
anised mines, and in Great Britain the device ia found well adapted to iongwall mining. More 
recently “Hydbox” employs a steel tube with sealing disk, filled with a powder which, when deton¬ 
ated. generates nitrogen and water vapor. It was approved (1035) by the British Mines Dept. 
’‘Aibdox," developed in the U 8 for coal mining, employs neither explosive nor combustible. Air 
under, high press from a small compressor on a mine truck, is forced into a metal cylinder like ihat 
for "Cardox,'’ and, bursting the inner disk, breaks the coal. Htdbavuc blastimo: the "hydraolio 
cartridge,” or wedge, has been used in a few British longwail mines, where conditions are favorable 
and the coal well undercut. It is a steel tube containing a small hydraulic piston; water prees te 
produced by a hand pump connected by hose to the cartridge. It requires a large borehoie, is slow in 
breaking the-cogl and will not work in tight corners. A recent American device employs a rubber 
tube, instead of a steel cylinder. It is still in the experimental stage. Hydraulio oartridgSe, tfaeugb 
safe, are too slow to compete with iwrmiasible explosives. 

' ISaacfitek aiufl miafiras are most prevalent in metal mining, where shots an fired 
in and where fuse and cape are favored over electric firing (except in diaft sinking). 

SBCMe%bot>firing failures are nearly always due to poor-connections, nrcly to imperfeot,. 
detofiatpia or to expiogiveB impaired by age, heat, or wetting, causing non-igniii<A or, 
in extssKM eases, lining, of the explosive, instead of detonation. Failures in UM of 
fuga pr delay-aetibn detonators are due to: (a) shwp bending of fuse in handling; iret 
fwftl (4 impmsetfu^ (rare): (d) imperfect detonators; fuse^^reiia^i out m 
of MitdagiVe o^arge out and thrownioff by pratioua ahotdn nmnd; (/) stioka.of wtliloaivia 
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left in alkub-uid of liolo or loo«e otieka ^own into blasted nuifaRial. Ronodiea; oare in 
ideoting and hawjjing ezidoaivee; in using fuse, to count shots casefullsr, a^ if one fails 
or the count is in doubt, to wait at least 4 hr (better 8 hr) btf ore entering the pines. In 
blasting coal and brushing roof or floor, eleotrio firing is much safMr (unless firing is done 
from surface), firing 1 shot at a time and inspecting before and betwe«i shots. Di oa^e 
of hangfire or misfire, disconnect battery leads, and wait 15 min before returning. 

Fuse should not be used in blasting oOal, as specified by Biir of Mines for “pennissibil'- 
ity” of explosives. 

extracting misfires m^ be necessary in coal mining, because if a parallel hole is 
drilled close by, the first charge might be sot off by concussion or flame and, having less 
burden, blow out and ignite coal dust. It requires care, especially if a cap is in outer end 
of charge. If another hole is drilled, everything for 100 ft outbye should be wet down or 
rodediusted before shooting. Althoiigh careful extraction of tamping and charge is 
favored by many (especially if it can be wetted or washed out by a water jet), the usual 
pmctice is to drill a parallel hole 1 to 2 ft from the first. After firing, examine the broken 
coal for loose sticks of explosive. 

Seffocatioa by gases from explosives in a well-ventilated colliery u rare, and unlikriy to occur 
unleii coal or a pocket of firedamp u ignited, thus adding afterdamp to powder smoke; or unleae 
explosives are burned instead of detonat^, by using too weak a cap (Sec 4, Art 8, and Sec 0, Art 10). 
RXuaoT is Dp delay entering the working place until the smoke le cleared out. 

Accidents by flying pieces of rock or coal from blasUng are due to careleasneee on part of vioua 
in not getting to a place of safety, or firing a shot in adjacent working without notifaoation, or not 
guarding entranoes to working place after lighting a fuse, or while connecting the lead wires at 
another point. Wheie workings have several entranoes it la well to furnish miners with paiirrlDD 
wamnNa boabim, to be placed acroes or on floor of entranoes not guarded by shot-firer. 

Suffocation from mine gases caused 5 deathe in 1035. Except for explosions and fires, wbieh 
am not Included, there le little excuse for euch accidents. They are generally due to entering dan¬ 
gerous places unneoeasanly. To prevent this, such places should be properly ventilated or per- 
manenriy walled off. 

Accidents from electricity (shock or bums), not including ignitions of firedamp or coal 
dust, caused 51 to 88 deaths annually in 1030-35. Some were from touching bare con¬ 
ductors, trolley or power lines, some from improper insulation and installation of caUes 
and motors. 

Many of these sooidents might be prevented by: trolley guardboards. when the wire ie leas then 
0.6 ft above roadway, guarding by boards or props of bare power cables or preferably by rubber 
oovering and sometimes armoiing; good installations to prevent grounding of wires. In working 
planes or traveling ways, trolley and powerlme potentials should not'eaceed 275 or 300 volts. Elec- 
trie coal outtera should be ao designed and instiled that a stiong shock is not received on touching 
the frame. Cable leads should be of the single, oonoentiio-oable type, the return wires being outer¬ 
most to avoid shocks from grounding. Rums for inhtauiation and vbx or xlxctric RQuiPiiaNT in 
mines, as formulated by the Bur of Mines, should be observed Ammale killed have been fewer 
since the substitution of conveyers and gathering locomotives for animal haulage. Properly installed 
underground stables, with passageway in front of as well as behind the animal, would prevent some 
accidents; but above all, fbopkr banolino and dbivino without abosb would prevent animala 
from becoming vicious. 

Aecideotc from coni cutten, oauning 22 to 46 deaths annually in 1930-35, are due to 
men falling on the moving parte of machines, or in handling tliem. Such accidents have 
iacreaned with increasing roechanixation at the face. The first-mentioned dangers are 
leesened by using inclosed machines; the latter are casual, to be guarded against by the 
individual. 

Fatalitlsa from mine fires (Art IS), by burning and suffocation, cost 26 lives in 1018, 
but were relatively few in later years; only 10 in 1935. Suffocation, rather than bums, 
is the primary cause, because fires progress slowly in restricted paasagos. 

Tbs smaUer aceidentB occur near the face; generally due to reddeuness or ignorance in entering 
the return current or afterdamp from firee. In colliery workings such firee are often caused by 
long^sme exploeives, which may set fire to coal or gae feeders. Permissible explosivcc, properly 
used, rarely cause fires. In a large Illinois mine, 16 "fire-runners,” formerly employed to extinguish 
fires after black-powder blasts, were dispensed with by introducing permiaeible explosives. ^ 

FaSinf down shafts or slopes caused 11 to 23 deaths annually in 1930-35. Man oagss 
4bniiilri have gates hinged to cage; also gates and fences around shaft mouths, and at 
landing x>laoea. Gates should be self-dosing. 

.Sutfses aOeidsats caused 02 to 06 deathe yearly in 1930-85 Of theee 0 to 17 were fay adne 
<ciM and doeomotives in drift slope mines, and 8 to 17 by RR equipment. Practically dl eucA 
aoddenta are pteveatolde. dthm by< the iadividual or by proper inetallattea and {daty gairdai» 
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ProtM^ dothiaii^ for aiaen. Hats ob oam on eonunoa io botl^ 000]^ ond^iM: 
aoiiioo. SArarr brobo or boots prevent injuries from fslb of rock, 060I er timbers, or b«^ 

' iHBohed by a oar wfaed, Dooouss are advantegeous for protection from partides of inin-<' 
era] in picking, drilUi^ Bnd loading. Some oompanies have goggles grou^ to fit eyeo 
witii defective Vision. Ovsv masks should be^m in dust-making work, especially if dult 
Is nlidous; the iinm' tiie particle size, the more likely to cause silicosis or o^«r lung trou¬ 
bles. LBAtRBR GLOVES prevent cuts and abrasions, which may lead to infectipn.. Knee 
PASS are needed only in low-roof workings, where crawling is necessary. Improvised pads 
are iguch used in thin coal seams in Great Britain. An American maker suppiiea eponge- 
rublw knee-cap protectors, which, by expansion and contraction of t^ cellular apao^ 
provide skin ventilation under the pad. Shin ouahos ore useful when working around 
conveys or other machinery. In Penna, use of hats or caps reduces compensation rates 
144 , use of safety shoes 8fi, and use of goggles Sfi per $100 pay roll. 


IS. ACCIDENTS IN METAL MINES AND QUARRIES 

Statiatice in following tables are from reports of mine operators (except in a few states 
where they came from inspection departments). For o(iual periods of operation or expos¬ 
ure to risk, fatality rate at coal mines is usually higher than at metal mines. Metal mines 
ordinarily work more days per year, except Mississippi Valley lead and sine minM, and 
gold placers. In metal mines single disasters, except fires, rarely kill large numbers, as 
in coal mine explosions. Tables 18 to 22 show fatalities and injuries for each kind of 
accident. Falls of roof, etc, caused the largest number of deaths, but the proportion of 
these to the total is greatest in coal mines. Fatalities in metal mines from explosives 
are much higher; those from handling and transportation are in far greater proportion in 
coal mining; and those from "falls of person" in metal mines are large enough to <^set 
loBsea in coal mines from explosions. 


Table 17. Hen Employed and Number KQled at All Mines and Quarries in U S, lMl-$$ 

(W. W. Adams, U S Bur Mines) 



Metal mines 

Coal mines 

Quarries 

Total, mines and 
quarries 

Num¬ 

ber 

em¬ 

ployed 

Number 

killed 

Num¬ 

ber 

eni- 

pioyed 

Number 

killed 

Num¬ 
ber 
em- 
. ployed 

Number 

killed 

Num¬ 

ber 

mn- 

ployod 

Number 

killed 

Total 

Per 

million 

man- 

hr 

Total 

Pw 

niilliun 

man- 

hr 

Total 

Per 

million 

man- 

hr 

Total 

P« 

million 

inan- 

br 

1931 

f|!W!| 

P] 

I.OI 

589 705 


wm 

69 200 

61 

0.46 

739 845 

Wf 

1.54 

1932 

UI'T: .1 

Dl 

1.16 

SZ7 623 


Ik!1 

56 866 

32 

0.34 

637 777 

If p 

1.64 

1933 

LtJii 4 

95 

1.01 

523 182 


1.48 

61 927 

59 

0.67 

642 125 

t’Ti- 

■ n 

1934 

66 645 

116 

1.00 

566 426 

1 226 

1.59 

64 331 

60 

0.63 

697 402 

1402 

■ c >1 

..1935 

92 314 

164 

1.02 

56$ 202 

1 242 

1 70 

73 005 

51 

0.46 

730 521 

1 457 

K C3l 

Aver 

70 041 

128 

1.03 

554 428 

ifTTil 


65 066 

53 

0.51 

689 $34 

1 421 



Table 18. Fatalities, Metal Mines, Coal Mines, and Quarries in U S, 18$$-$$ 

(W. W. Adams) 


Cause of accident (peroentages of total) 


Kind of mine 

Falls of 
roof or 
minoral 

Esplo- 

aivea 

Haulage 

and 

handling 

Falls 

of 

pereone 

Elec¬ 

tricity 

Maoh'y 

Explo- 

■ions 

Other 

eausae 

( M.etal niinee. 

mm 

7.37 

11.58 

nil 

5.26 

7.37 


20.00 

1933 f Coal mines. 


3.38 

21.71 i 

■SI 

5.83 

4.23 

3.76 

3.38 

•' > Ij^uaniee.. 

44.07 

5.08 

8.48 

Hi 

6.78 

15.25 


11.86 

, f Metal minee. 

37.07 

12.93 

8.62 

18.97 

1.72* 

4.31 

■PM 

16,18 

l9H{Cealiainss. 

56.45 

3.18 

19.98 

1.71 

$.14 

4.00 

6.24 

5.3(r 

^<i|QuaRtes. 

25.00 

r-a3.« 

6.67 

15.00 

1.67 

25.00 

mSm 

' 3.33 

t Ms^ wines...... 

31.71 

14.63 

■331 


6.10 

l66 . 

^5 

17,0? 

Htilf Ckiy mihas.. 

53.86 

4.67 

■289 


4.43 

3.70.,, 

3.85 

5.96 


21.57 

11.76 

masm 


$.88. 

19.61 

.... 

15.68 
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MINE AXE, GASES, Dt7ST8, HYGIENE 
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ACCmEKTS IK MBTAL lONBS AND QTTABRIES 23-39 


T»U» 10. 1XQ*4 aad lajurtO ia Difftreat BmuicIim of liOiiotol Xadn^oo. Ittf 


f 

loduiUy 

Am 

days 

aotive 

Mea 

ployad 

Man-days 

Mse-ln 

Woglitsd 
aver 
length of 
shift 

Msn-hr 
perman 
par year 

Killed 

bjisad 

a * 

1. Coal Biiiwe. 

■a 


101 S71654 

732607581 

7.21 

1296 

1242 

65 575 

BitmaiDoiH. 

178 

462354 

82 291 724 

578 SI 1200 

7.03 

1251 

968 

47529 

Aallitadte. 

187 

102848 

19279930 

154096 381 

7.99 

1498 

274 

18046 

2. All metal miaei. 

218 

83975 

18 266041 

145134364 



- 157 

9393 

Copper. 

Gold, dim, and rniw 

274 

10 188 

2787083 

22 293 255 

1 

m 

2188 

19 

1466 

metal. 

211 

53018 

11209 789 

88 566 720 

7.90 

1671 

.107 

6827 

Iron. 

Lead and lino (Mim Val- 

219 

14041 

3076768 

24682644 

8.02 ! 

1758 

22 

440 

ky) —.. 

177 

6728 

1 192401 

9591745 

8.04 

1426 

■a 

660 

Nonmetallie mineral. 


8339 

2086331 

16168307 

7.75 

1939 


813 

3. AUquairiee. 


73005 

14623303 

110033341 

7.52 

1507 

51 

4152 

Cement rock.. 

227 

24 416 

3 546 183 

39 243 018 



—TE 

362 

Graoite.. 

202 

6877 

1 386 029 

10 555 416 



■9 

570 

Limeetone. 

187 

30 973 

5 804 752 

45 197 391 


iU^ 

24 1 

2412 

MarWe. 

210 

2 441 

512481 

4016819 


1646 

1 1 

176 

fiandetone and blueatone.. 

167 

2 739 

457217 

3688135 

8.07 

1347 


243 

Slate. 

184 

2063 

379 385 

3097339 

8.16 

1501 


168 

Traproek.. 

154 

3496 

537 256 

4 235 223 

7.88 

1211 


221 

In and about quarry. 

177 

32 629 

5 762015 

44 267 391 

7.68 

1357 

35 

2712 

In outeide vortes. 

219 

40 376 

8861288 

« 765 950 

7.42 

1629 

16 

1440 

4. Metallurgical rianie. 

291 

36493 

10631 513 

83 923 699 

7 89 

2300 

28 

1961 

OreKtreming plante. 

238 

II 841 

28I70QS 

22 577 689 

8.01 

1907 


631 

Smelten. 

324 

14675 

4 752 380 

37160291 

7.82 

2 532 


821 

Auiiliaiy works. 

307 

9 977 

3062 128 

24 I8S 719 

7 90 

2424 

■tf 

509 

5. All eoke ovens.. 

321 

16 125 

5 175 328 

40941 173 

7.91 

2539 

10 

325 

HmHiva. 

182 

1075 

196 177 

1 370 478 

6.99 

1 275 


62 

Byproduct. 

331 

15050 

4979151 

39570695 

7.95 

2 629 

10 

263- 

Total . 

195 

783139 

152 354 170 

1 128808465 

7 41 

1 441 

1495 

82 219 


Fatal and noa<fatal aceidonta. Tables 21, 22 and 23 show wider variations in non-fatal 
than in fatal accidents. Apparent inconsistencies are probably due to variations in mode 
of reporting slight injuries. Death rates are reasonably consistent. 

'Table II. Number of Employes, and Number Killed and Injured at All Mines CExeeFt 

Coal) in U S (1910-85) 




Men employed 


Number killed 

Number injured 

Tear 

Aver 

days 

active 

Actual 

number 

Equiva¬ 
lent in 
300-day 
workers 

i. Total 
shifts 

Total 

Per 

thousand 

30(May 

workers 

Total 

Pur 

tiiouaand 

300-day 

worlmn 

1926. 

291 

127 823 

123 870 

37 160 978 

430 

3.47 

30 350 

245.01 

1927. 

284 

119 699 

113 447 

34 033 963 

352 

3.10 

25133 

221.54 

1928. 

288 

113 866 

109 345 

32 803 610 

273 

2.50 

22 483 

205.61 

1929. 

292 

118 735 

115 394 

34 610 120 

350 

3.03 

23 092 

1 200.11 

1930. 

270 

103 233 

92 900 

27 869 982 

271 

2.92 

15 594 

167.86 

Aver for 5 years 

285 

116 671 

no 991 

33 297 330 

335 

3.02 

23 330 

210.20 

1931. 

231 


Kzia 

18 721 486 

156 

2.53 

8 709 

139.56 

1932.■. 

208 

S3 288 


n 095 167 

107 

2.89 

5014 

. 135.57 

TI933. 

204 



11 642 113 

95 

2.45 

5 925 


1»S4.<,....,. 

221 i 

66 645 

49 077 ! 

14 723215 

116 

2.36 

7 892 


3935..,...,^. 

220 i 

92 314 

67 841 

20 352 372 

164 

2.42 

10206 


Avtflor Syeais 

219 

764)41 

51 023 

15 306871 

128 

2.51 

7 549 


Avevtcr lOyasra; 

271 ■ 

iTTTTTl 

118 677 

35 603 019 

411 

3.46 : 

26 328 



FintTOittiiM el acddenta in metal and ndscellaneous mines, «(msidffired in order el 
enosss ta^TaMe 23 ajadrtferring to year 1036: 





































































































































































23-40 MtNS AIK, GABKS, DUSTS, HYOISNi: 

Tsbl* SA Mvttl-ndne Aecidents, Orooped by Hiaing M«tiiods, for Tegr Sndod 3>oeJ SI, 

tSSS, for Solocted Companies (a) 


' Method of miniig' 

Num¬ 
ber of 
mines 

Aver- 

days 

active 

Man- 

days 

Men 

em¬ 

ployed* 

Num¬ 

ber 

UUed 

Nuip* 

ber 

injured 

Rati 

millioi 

hoi 

Killed 

1 per 

1 man¬ 
ure 

Injured 

Open stope, including room- 
and-pillar. and sub-level 

etoj^ng... 

EQtrinkage. 

Cnt-and-4U,. 

Square-set, .*. 

Block caving. 

Sublevel caring. 

Top atioing. 

Opra-cut, with power ahovel. 
Opao-eut, hand loading only. 

. Total. 

I 

229 

261 

291 

304 

210 

224 

231 

261 

173 

2 700 612 
372 780 
879 572 

1 447 041 
258 477 
370 876 
591 952 

1 157 565 
39 352 

11 776 

1 427 

3 021 

4 764 

1 231 

1 654 

2 562 

4 442 

227 

29 

5 

15 

16 

4 

3 

2 

2 

1 

1 645 
377 
732 

1 526 
324 
75 
96 
154 

7 

1.36 

1.68 

2.13 
1.40 
1.93 
i.or 

.42 

.21 

3.21 

77.28 

126.41 

103.92 

133.90 

156.66 

25.23 

20.27 

16.40 

22.45 

311 I 

2SI 

7 818 227 

31 104 

77 

4 936 

1.24 

79.38 


(a) Underground and open<out only. No reports used where less than 25 men were employed. 


Fans of rack or ore from roof or wall caused nearly 30% of the deaths and 15% of the injuries; 
far more than any other source. Remedies: barring down loose pieces of ore or hanging wall after 
blaating, and timbering where necessary before work is resumed. Accidents from falls of ground 
on largely a question of method of mining. If deposit is extensive laterally, pillars must be properly 
proportioned to prevent falls of roof. Roofs of untimbered gangways should be arched. 

Falla of rock or ore while loading at working face were a prolific source of injuries; evidently 
due to negleot of timbering or forepoling in weak ground, before mucking or drilling. 

Timber or hand tools were an important source of injuries underground. Many such aoeidenta 
nrS preventable by selecting careful timbermen. Hand tools on surface and in open-cuts caused 
Over 2% of aU injuries. 

Bt^osives accidents, underground and in open-cuts, caused 14.1)% of all deaths and 1.1% of 
nO injuries; the proportion of fatal to non-fatal is high. Such accidents are commoner in metal 
than in coal mining; most of them are readily preventable by; care in storing and handling explo- 
eives and detonators on surface and underground; using wooden tamping ban only; use of dectrie 
firitm in sinking; not returning to face too soon after firing; sdection of explodves producing a 
minimum quantity of poisonous gases (5) (Art 3); proper thawing if necessary. 

Hatdage acddeats, undergroimd and in open-cuts, caused 6.7% of fatalities and 0.2% of injuries. 
Underground, best safeguards for mechanical and mule haulage, in drifts with small dearanee, are: 
keeping rduge holes well whitewashed; having brakes on can, and, on heavy grades, blocking wheels 
of standing oars; good lighting of traveling ways; and strong, not dassling headlights on locomotives. 

Fhlls down chute, winse, raise or stops are an important cause of both deaths and injuries., 
Rafegumds: grisslies over chutes, fences and gates around shafts, winses and chutes, and proper 
warning boards. 

Buns of ore from chute or pocket: accidents are difficult to prevent in steep veins, but wdl- 
dsoiglied diutes and gates are important. 

Bloctrical accidents. Proportion of fatal to non-fatal is high. Carrying of trolley wires in 
ronstricted passages of metal mines is a special danger. Wires should be guarded by side boards, 
especially opposite chutes, where if possible wires should be placed on far side of drift, as a man in 
loosening the ore may strike the wire with his bar. Elec lights should be placed near chutes. 
Power cables should be insulated or thoroughly guarded, and voltage limited to 275 v(dts. Eleo- 
trioal rules by the American Eng’g Standards Comm and U S Bur of Mines should be followed. 
Stongo-battery locomotives are being extensively'substituted in metal mines to prevent aoridents 
and fires eaimed by trolley wires. Electrical accidents underground, on surface and in open-outs 
caused fi.1% of all deaths and 0.5% of all injuries. 

Machtaery accidenta underground, on surface and in open-outs caused S.0% of the deaths and 
4.2% of the injuries. 

Mine fires in metal mines, though costly, rarely cause fatalities. 

Suffocation from natural gases is rare, as inflows of noxious gases axe infrequent in U S metal 
ndass. Strong meohanioal ventilation is the best preventive. 

brush of water, a minor cause except in occasional disasters, such as flooding of the Milfor^ 
mine in 1224, which csuaed 41 deaths. 

fhlUttf dqwn shafts ia prevented by good fences and automatio gatss at eoery landing,* 

Ohjoeta falling doudi shidta. Aeeidants are largely preventable by: smootit-running eages W 
sidpa: not overloading earn or ekipa; dumping dear of ehaft mouth; ti|^i ehuteo, bins and fiomu in 
sli^ and shaft bouse; ti^t or wi^mesh fences around landingi; and placing fences and gidos 
fsp enough back from draft to preventimen standing dangeroUsly'near. Fabag <4 objeets o» naan 
rnttPOtea ,er buckets can be mvented by good bonnets on cages, aiid«on eroashands over bvidreto 
oraldpo used for boisting In ineliaed sbsfts, man ears of Osges should have do(M|u 

Bfuabtie (d hoiating^ropM hi a minor eauae, oonsidaring tihs grantnujabin' <d man hoigtnb usn, 
























ACCIDBNTS IN BOITAIi. MINES ilND QUABRXES 23-41 


Tatto 18. . Acdid^ntt in Alt Mlawi Swaft Coal, MM (W. W. Adami, U S Bur rrf Miittij) 



a 

No of 
aeddents 

% oi total from 
all causas 

Per oeut 
fataiitiaa 
in total 
from thb 

causa 

Fatal 

Non- 

fstal 

Fatal 

Non- 

fatai 


Fall of rock or ore from roof or wall. 

48 

1572 

29.3 

15.4 

2.96 


Falla of rook or ore while loading at work- 







ing face. 

2 

803 

1.2 


0.25 


Hand toob... 

I 

635 

0.6 


0.16 


Eaploairea... 

23 

99 

14.0 


18.85 


Haulage. 


897 

5.5 


0.99 

■§ 

Falling down chute, wince, raiae or atope. 


535 

7.3 


2.19 


Run of ore from chute or pocket. 


323 

1.2 


0.62 

B 

Drilling. 


766 

0.6 


0.13 

5 

Elecfricity. 


34 

4.3 


17.07 

a 

Machinery (other than locoa or drilb).... 

2 

181 

1.2 

1.8 

1.09 

ts 

Mine fires. 


12 


0.1 



Suffocation from natural gases.. 


19 


If 



Inrush of water. 


4 





StepiMng on nail. 




1.7 



Handling materials (other than rock or 







ore). 



■^1 

8.5 

O.ll 


Other cauaes. 

■9 

WfiUM 

1.3 

10.1 

0.19 


Total, underground. 

no 

7 949 

67.1 

77.9 

1.36 


Falling down shaft. 

9 

21 

5.5 

0.2 

30.00 


Objects falling down shaft. 


29 




i 

Rraalring nf enblea. 


HO 


0 1 


1 

Overwinding. 






% 

Cage, skip or bucket. 

12 


7.3 

Hil 

13.04 


Other causes. 

1 

■19 

0.6 

Ku 

3.23 


Total, shafts. 

22 

168 

13 4 

1 6 

11.58 


Mine cars and locomotives, or aerial trams. 

3 


1.8 


4.35 

. 

Railway cars and locomotives. 

2 


1.2 

mSm 

8.33 


Rim or fall of ore in or from ore bins. 

• • s 

17 




s 

Falls of persona. 

2 

247 

i.2 

2.4 



nn ........ 


42 


0.4 


3 

Hand toob. 


153 


1.5 


02 

Electricity. 

2 

16 

1.2 

0.2. 

n.ii 

5 

Machinery. 

2 

205 

1.2 

2.0 

0.97 


Handling materiab. 

2 

358 

1.2 

3.5 

0.56 


Other causes. 

9 

434 

5.6 

4.3 

2.03 


Total, surface. 

22 

1 560 

13.4 

15.3 

1.39 


Falls or slides of rock or ore. 

4 

51 

2.5 

0.5 

7.27 


Exploeives. 

1 

8 

0.6 

0.1 

II.II 


Haulage. 

2 

45 

1.2 


4.U 


Power ahoveb. 


25 





Pfhllft nf .. 


76 



■MM 

a 



4 





Run or fall of ore in or from ore bins. 

as* 

1 



BliiW 

1 

Machinery (other than locos or power 






1 

shoveb). 

1 

45 

0.6 


2.17 

o 

Electricity. 

I 

3 

0.6 


25.00 


lITflLnd) tnnlii... 


69 







117 


i.i 



Other esusee. 

1 

85 

0.6 

0.6 

i.io 


Total, open-cuts. 

10 

529 

6.1 

5.2 

1.86 


Grand total.. 

164 

10 206 

100.0 

100.0 

1.58 


OTorwinding occidwt* have been loaenad by U»e growing me of elec bi^ta with autoamtla 

•peed ropilatora (eee See lit)' .. . 

Cage aad akili accideate, due to faulty oonstructiDn, are entirely unneceaeaiy. AbaeuM m 
fenoae and gatea at landing* may allow men to be etruek by paaiing e^es or ekipa; or, when on taa 
cage, apme part of the body may extend beyond the edge. Exoeaeive crowding on ea^ 
ahMgiag ehifta ehould be prohibited. Man eagea ahould hare atrong bonneta, indoaed mam and 
properteiAgatagChad .aaftty catehea. It ia notat^ that, diouid> hoiating by budeet without giddaa 
la' opBaatoii In the afopUn aine diatriot, no deaths from thia oauac occurred' in t09S. 

MtfVigg fk atJip undeigrowid and on auiface, caused 2.1% of all iidurie*. 









































































































‘23-42 mini: Am^ gases, .dusts, htgieks 

HwdUag mtirial* Ptbdr tbab rede or ««, oadwgroiiiid, on •urfeoe and in openrouto, oauaed 
X^% of the deniha end 13.1% of the injuiiee. 

Surface accideatei dletinet from th^ in open-cute cauaed one fifth aa muy deatha and one 
fifdi a« many injuriee ae aoddMits underground. In open-«uta, proper methoda of Tnitii«»g , «gre 
in examining ground and efficient auperviaidn are of prime importance. " 


14. COLLIERY EXPLOSIONS 


The number of deathe annually from coal mine exploeiona in the 17 S roae steadily 
until 1907, when 056 men were killed, including 361 in the disaster at Monongah, West Va, 
the worst that has oceurred in this country. The most destructive of all explosions was 
in the Courrihres colliery, France, in 1906, resulting in 1100 deaths. 

Classification of explosions into firedamp and coal-dust explosions and windy shots is 
attempted by different State Inspection departments. But there is no agreed baaia in 
this classification; some izupectors attempt to classify an explosion by its originating cause, 
others by its means of propagation (usually coal dust). European statistics also do not 
usually distinguish between explosions of gas and dust, and both are often concerned. 
Only in the Penna anthracite district are explosions definitely from firedamp, because 
antluwiite dust does not itself propagate an explosion. Though the logical basis of classi¬ 
fication appears to be the mode of propagation, rather than the cause, no distinction is 
made in Tables 23a and 24, but the Bureau of Mines is now separating " cause ignition ” 
from " means of propagation.” Colliery explosion disasters from CH 4 and coal dust, 
acting together or alone, in which more than 100 men were killed in each, are listed in 
Table 24. 

Table 28a. XLilled in Gas and Dust Explosions in 17 S Coal Mines, Contrasted with 
Deaths from All Causes (W. W. Adams and L. £. Geyer, 17 S Bur Mines) 



Total lulled 

Rate per million nuui'^ 

Year 

Exploeiona 

All 

% of total 
from 

Exploeiona 

All oaueee 





oauaea 


Major 

Minor 

Total 

exploaiona 



1921 

21 

105 

126 

1995 

■9 

O.ll 

1.74 

1922 

269 

42 

3tl 

1984 


.32 

2.02 ' 

>923 

. 296 

76 

372 

2 462 


.27 

1.62 

1924 

456 

78 

536 

2 402 

22.3 

.44 

1.99 

1925 

261 

84 

345 

2 234 

15.4 

.30 

1.93 

1926 

348 

74 

422 

2518 

16.8 

.31 

1.86 

1927 

ISS 

92 

247 

2 231 

II.1 

.20 

1.83 

1926 

326 

50 

376 

2 176 

17.3 

.33 

1.92 

1929 

146 

49 

195 

2 167 

8.9 

.17 

1.87 

>930 

217 

47 

264 

2 063 

12.8 

.26 

2.06 

1931 

56 

32 


1 463 

6.0 

.11 

1.82 

>932 

145 

24 

169 

1 207 

14.0 

.27 

1.90 

1933 

7 

33 

40 

1 064 

3.8 

.06 

1.48 

>934 

17 

35 

52 

1 226 

4.2 

.07 

1.5? 

1935 

22 

27 

49 

1 242 

3.9 

.07 

1.70 

1936 

28 

29 

57 

1 342 

4.2 

Not available 

1937 

95 

23 

118 

1 467 

8 0 

Not available 


Cauaea of exploaiona can not alwajw be determined, because of conflicting evidence of 
forces, direction of movements and heat effects. It is safe to assume that almost all major 
exjtiosions were propagated by coal dust. Rock dusting, except at a very few mines, ^4 
no^ begin until 1024. In the years 1025 to 1034 inclusive there were 1 678 killed, or 168 
per year. There was a slight decrease from 1026 to 1930, but more improvement after 
1030, and in 1935-fi-7 the aver was 48, due probably to wider adoption of rock dusting. 
Blown-out or overcharged blasts of long-flame explosives, or the discharge of theae in tbw 
opMi, l^iting gas or coal dust or both; electric flashes; open lii^^to,, or d^eetive safety 
bmpsi htine firm, wlfltdi may ignite gas and in turn coal dust; and lastly, but rarely, CH 4 
may posmUy be ignited by sparks from flinty rocks falling fnnn roof or miming down st;^ 
bceastsor chutes, striking on eachothar, or on iron. Some explaeioaahave attrijbnt^ 
to deotoio ignition of ooalf.4ust stirred up iiti» a doud by dwrailmont 1 ^ wreckage 
trains of mn; others to igaitiem of bodkad gas by mine &eat whme ventllaticm has been 
ffiit df fay falls of roof «r,«ectiott of stew^ngi (Art 15). 

























POLLIBBY EXPLOSI(»rS 28-43 

T«U« M. EzploaiAiM Ib CM Mialiic» Where Over 100 Men were XOIed 


UnM Stale* Slled 

1892, Jm 7 No 11, KntM. Okie. 100 

1900, May I Winter Quarien No t A 

4, Sebofteld, Utah . 200 

1902, May t9 Coal Craek, Fraterville, 
TaOn,. 184 

1902, July to ItdUing MiU mine, Johna- 

towa. Pa... 112 

1903, June 30 HannaNo l,Hanna,Wyo 169 

1904, Jan 25 Harwiok mine, Cheewi^ 

Pa.,. 179 

1905, Feb 20 Viiviniai Viisiuie City, 

Ala. 108 

1907, Deo 6 Monongah No 6 8c 8, 

Monogah, W Va. 361 

1907, Dee 18 Darr mine, Jacobe Creek, 

PU. 239 

1908^ Nov 28 Marianna, Pa. 154 

1911, Apr 8 Banner, Littleton, Ala... 128 

•1913. Oct 22 Daw»on,NM. 263 

1914, Apr 28 Ecolee, W Va. 181 

1915, Meh 2 Layland, WVa. Ill 

1917, Apr 27 HaeUnes, Colo.. 121 

1923^ Feb 8 Dawson, N M. 120 

1924, Meh 8 Castle Gate. Utah. 172 

1924,'Apr 28 Benwood, W Va. 119 

1928, May 19 Mather No I. Pa. 195 

Canada 

1891, Fd> 21 Springhill, N S. 125 

1902, May 22 Fernie, B C. 125 

1914, June 19 Nillcrest, Alberta. 189 

Oreal Britain 

1835, June 18 Wallsend. 102 

*1856, July 15 Cymmer, Wales. 114 

1857, Feb 19 Lund Hill. 189 

1860, Deo I Resea, Wales. 142 

1866, Deo 12 Oaks ColUery. 361 

.1867. Nov 6 Ferndale, Wales. 178 

1875, Deo 6 Swaithe Main. 143 

1877, Oet 22 Blantyre. 207 

1878, June 7 Haywood Wood. 189 

1878b Sept 11 Aberdarne, Monmouth.. 268 


Oreut BriUin Killed 

1880, July IS Reaea,Wiaes. 120 

1880, Sept 8 Seaham. 164 

1880, Dec IQ NavaL Walee. 101 

1883, June 18 Clifton Hall. 178 

1890, Feb 6 Llanerc, Walee. 176 

1892, Aus 26 Park Slip, Waleo. 112 

1893, July 4 Combo, Thonibill...... 139 

1894, June 23 Allnon, Walee. 290 

1905, July II National Colliery, Wales 119 

1909, Feb 17 West Stanley. 168 

1910, May II Wellington, Whitdiaven. 136 
1910, Deo 21 Pretoria, Boston, Hulton 344 
1913, Got 14 Senghenydd (Universal), 

Walee 439 

1918, Jan 12 Podmore Hail (NBnnie 

Pit), Staffordshire. 155 

1934, Sept 22 Gresford, Denbighshire.265 

New South Walee 

Killingworth. 130 

Froncs 

1876, Jan 4 Jabin. 186 

1889, July 3 VerpilUeu*. 207 

1890, July 29 P^lissier. 113 


1906, Meh 10 CounriAres, Pas de Calais 1110 
Belgium 

1887, Meh 4 La Boule, Quaregon.,.. 113 

1892, Moh II No 3, Boidde la Haye.. 160 


Oermany 

1867 Fundgrube. Saxony. 101 

1869 Iserlohn, Ruhr. 101 

1869 Burgher^chaechte, Saxony. 268 

1876 KarUngen, Lothringen. 147 

1894 Camphausen, Saar. 181 

1898 KaroUnenglUck, Ruhi'. 119 

1907 Reden, Saar. 148 

1908 Radbold, Ruhr. 360 

1912 Lothringen, Ruhr.... 114 

1923, Jan 31 Heinitsgrube, Upper Silesia 145 
1925, Feb 11 Minister Stein R(i}ir. 136 


1930, Oct 21 Anna II Alsdorf, Aachen.. 271 


Propugation of ezplosiong. Firedamp was formerly believed to be the only cause of 
azplomons, but bituminous and lignitic dust are now known to be more important means 
of propagation. CH 4 rarely exists in explosive proportions throughout large areas in mines, 
evm in gaseous districts, because of the generally efficient ventilation. Therefore, though 
some Peniia anthracite mines are among the most gaseous in the world, explosions are 
localised; while in some nearly non-gaseous bituminous mines explosions have swept 
through mUes of entries. 

Firedamp and coal dust make a dangerous combination, each tuding the other in 
starting and propagating explosions; but, bituhinoub and uonitb dusts are highly 
dangerous in themselves, and if ignited when in suspension and in certain densities of dust 
dead, will propagate an explosion as violent as a gas explosion; in fact, fineiy*divided 
coal dust (ai^ otiier dry carbonaceous dusts, of sugar, soap, paper and cereal) when mix^ 
with air, Iwhave essentially like expbsive gaoem (61,63,64). Pure coal dust has no d^nite 
upper limit of expiosibility in air, like CH 4 (14%). Hence, it is more certain to propagate 
sit eoqildinon as far as it extends in sufficient denmty in air, where not treated with rock 
dust, or ^6 passages are not well sprayed. 

ilgnitlea <rf Kredomp. In etill air, by side ignition, CH 4 is just explosive at 5l/s%. U 
rapidly^noving currenta the ignition limit is lowered, and at 1 000 lineal It per qfdn it is 
(k5%. But, imch hiidi vdooitiee with explosive jwoportions of CH 4 m strong v entilatin g 
hnireilfts are found only in great outburate. If firedamp is detected in a ventilating eur> 
renl, qien ere usuellF witMnrwn from that part of the mine. This should ahragd bill done 
^cept in eyaMgsocy work), when there is enou|d> CHa to lAow n cm in a safety lainp fain 
inov^ dtoMBt, or when fay analyde there fa over 2 % CBs, or, .V open Ifahte we ifaed, 
onnuat cohfadns 0 l5% (Art 6 ). ■ « 
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MINE Am, GASES, DUSTS, HT61NNE 

CHi eomM from blowm in tlw tmeo. Soar or roof, aapneially wh^ ihtro hmro hpoa fnlla. In 
■till nir it U naually (iwn eS fHt«r tbnn it diffuicB. Reno«, it atratWM »t roof tottir <h* in ■ roof 
■kvity. Then, if ignited, it'lninut inther ilowiy unless the body of gM has oon^dersble Intend 
sxtensiim, when it flashes with inoreasing vioienoe. Preasure theontioally genented by the max 
■aplosive percentage of pun .CH* (0.4%) is about 126 lb per aq in. ■ Through loss of heat, not 
over 70 or SO lb press is aotusUy obtained without pre-compreaaion. 

e 

Prcrention of firedamp ezplosioiig; (a) Strong air current carried to face tor atej^inge 
and Une brattices; (b) prohibition of open lights and smoking of tobacco; (c) oUigatory 
use of safety lamps or permissible electric lights: (d) use of permissible exud^tres only; 

(s) tests for CHa before and after blasting; (/) if undercutting is done by machine, tto 
motor should be explosion-proof; (g) prohibition of trolley locomotivtu and bare power 
wires in gaseous parts of a mine; (h) daily analysis of return air, for control of 'rantalation; 

(t) rigid inspection of all parts of mine, by fire boss, inspector or foremen; (j) sealing off 
abandoned parts of mine, difficult to ventilate or inspect, and if these areas produce much 
CH 4 , issuing under high press, a vent hole should be drilled from surface. If too deep 
for drilling a large enoui^ hole, the gas may be piped into a return airway. 

ApzUlary fans (Sec 14) and piping (metal or cloth) are used in both coal and metal 
mines for headings and rooms. Auziliai'y fans are dangerous in gaseous mines. They tend 
to recirculate the air, so that a gaseous place accumulates CH 4 . As they usually run 01 ^ 
during working shifts, CH 4 collects between shifts. If driven by non-ezplosion-probf 
motors, they may spark and ignite gas. They should be used only for emergencies; 
and, in gaseous mines, should be driven by compressed-air or explosion-proof motors, for 
24 ^ per day, as in European coal mines. 

Goal dust szpIoaibUity investicstions, begun by Faraday in 1844, have been carried on in recent 
yean at LiSvin Gallery and the Pas de Calais coal field in France; at a testing gallery first St Altofts, 
later at Eskmeal and Buxton, Great Britain (12, 75); and by U S Bur of Mines at Pittsburgh and 
the Bruoston Experimental Mine (61, 62, 63). Intxbnationai. coopxbaxion ok laKx SArarr 
■BSBABCH, begun by an agreement with Great Britain (88,75) referring especially to mine explosions, 
standardisation of samples and instruments, and interchange of information, was extended in 1981 
to other European nations (88). 

Definition of Tenns Used in Explosion Experiments, 

(teal dust means particles which will pass a 20*mesh sieve (Bur of Mines empiric standard), 
produced in mining and handling coal, or artificially by grinding. To obtain dust of uniform com¬ 
position and sise at different testing stations, coarse coal is ground in ball or roller mills, or other 
pnlverisen. As the inflammabihty of coal dust increases with fineness, samples ore raM by the 
percentage passing a 200-mesh sieve, all having passed through 20-meBh. 

Kook dust includes <dl inert dusts, from clay, shale or sand, found in mines. For electric haulage 
quarts sand is used to prevent slippage. While this dilutes the coal dust and gives some protection, 
rinee silioeous dust is injurious to breathe, it should not be used as a substitute for shale or Ume- 
■tonadust for general rook-dusting. 

of gas or coal dust (as the term is employed by Bur of Mines) is the starting of inflamma¬ 
tion by some initial source of heat. In case of CH 4 the inflammation will pass rapidly into an 
«X|doslon if ffiere is enough CH 4 in proportion to the adjacent mine spaces. In case of coal dust, 
promlxed with air which has been ignited, combustion may not produce sufilcient pressure or oon- 
eussion to raise more dust, beyond the influence of the agency that brought the ignited dust into 
suspension: hence the flame will die away and it is not considered a propagation or exiflosion. 

Propagatioa is the continued inflammation of gas or dust through the mine passaa^, as far ■■ 
the gas or dust sons extends. 

Bxplosloa, while practically synonymous with propagation, usually connotes considerablo 
dynando force, advancing as a moving sone of combustion. 

, bfisunmatiOn in gas mixtures is transmitted from point to point by transference of heat Iqr 
raffiation and convection, and by such rapid increase in temp and press of expanding gases tiiat 
each li^w Inauccession of unburned gas ahead is compressed adiabatioally and raised to ignition 
lamp. F^en this stage is reached, the propagation attains high velocity. This phenomenon wsb 
dkoovared by Berthelot (1881), who termed it “I’onde exploeive” (explosion-wave). 

Detqaatloa-wave is ffie tera given by Dixon to the explosion-wave of Bertholst. He states 
*'ths rate of the explosion-wave is a definite physical constant for each gaseons tnixture;^the w*v* 
tiaveb with the vdocity sound in the burning gas, whidi itself is moving rapidly sit laasse^ln 
the same direction," 

Kuisaation-wavs (IBxon), "Itemle retrograde" (Le Chatelier), is a w^ve of compresrioo travel* 
ing backward tkrouidi the spent gases. , . 

BsAaetiOn«wavs (Dixon), ‘T’onde refltehie" (Le Chatelier), is a compression-trave reflected 
.fcem a elosed end or ofji^ contraction or refleeting surface of a tube. In irregular gdleries tb^ 
waves are qumerous, and travel fqerinurd or backward through the spent gases. 

Getfistetewaves (Dixon), ‘Tte>ae iwitipngie" (Le Cfliatelier), are eom pte s si oa-waves produced 
MjM f e^Eklosioa-waves, gemtmstM simultaiisously in different parts of a gaseous mixturei, xsest 
■gd extinguiA otiier, egdi oomprsasioB-wavs continuiag te the ^djstlsa dt'fte'teltiteaijlklk 
S i fiati o n-wMre. ' 1 , , ■ - ■* t 
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SMondMjr wmm, Uk* tka teat thna aMned^do aot dapwd o& ehraiiosl Miion to ■intoio IImib, 
sad tharafore gradaally dia away; thay paaa throusb ona anothn, or an ao aiargad aa to ba aa- 
raeaiaiMbla. Tfaeir veiooitica anprcsdaiata tboae of aound wavaa, vaiytag with da^tiaa'of tha 
laaM travened aad Uia noovamaat aa taoata of thaaa gaaaa ralatiTe to the walk ol tha paaaacawaya. 

X>ixon atatiBBt if GH 4 aad air 
are igaited at tto tsloaed end of 
an open tube, the apeed of flame 
increBaea rapidly to 1 000 metera 
im aee, without great fluetua* 
tiona, but doea not approach the 
rapidity of a detonation-wave. 

Coal-duat eapUtaioa-waTeB 
resemble those from gaa indam- 
rnadona, and retonation and re- 
Awtioa-wavee are probably iden¬ 
tical with those in gas mixtures; 
but, aince uniform dust clouds 
can not be obtained, laboratory experiments, like tboae for determining gas exidoeion-wave vdioci- 
tiea, are not possible. In the large testing galleries and Bruoeton experimental mine, dust clouds have 
not yet been made sufficiently uniform to obtain constant acceleration of an explosion flame; 
vrhile velocities of 2 000 to 4 000 ft per sec have been recorded, it may be as low as M ft per see. 

^ock-wave is a wave of compression which travek in gas as fast as sound, the velocity varying 
with density of the gaa and character of the passage traversed. It may be produced by any violent 
concussion, as from a blast, and hence is important in raising ignitible dust. Successive shock- 
waves may advance ahead of the slower-moving explosion. At the Bruoeton mine a shock-wave 
act up in still air by a blown-out shot inside the mine, started at about 1200 ft per sec, its vdoci^ 
gradudly decreasing to leas than 1 100 ft per sec in a distance of 1 300 ft. 

Advance air-wave (British, “pioneering-wave") is a compression-wave or a series of them, 
pushed ahead of the flaming sons of an explosion. It makes possible the propagation of a coal- 
dust explosion by bringing the dust into suspension. 

Betum-wave, or wave of depression, is the flow of air at atmoe press to fill the partial vacuum 
produced when the expanded after-gases of an explosion cool. Depreaaions of 6 to 7 lb per aq in 
have been recorded in the Bruceton tests (63), and in a larger mine greater depreaaiona mitfit occur. 
Return-waves, being thus limited in press, are much lees violent than primary or secondary waves, 
but are prolonged. It is possible that in an exploeion in a large mine an inward rush may begin 
in one entry before the heated gases cease discharging from another, provided the two entries are 
not connected, except in the interior of the mine. 


Table Si. Velocitlefl of Explosion-Wavei (Le Cbatdier) 



Present (1938) knowledge of coal-dust explosions, basod on many invMtigations of 
disasters and at testing stations, is summarised as follows: 


(а) (ioal dust*with a ratio of volatile to total oombustible of more than 10 is Bxn.osxva in air if 
the percentage of ash in the cosl is not too high. 

( б ) Character end flaenees of dust. Other things being equal; the higher the percentage of 
voIatUe-combostible the more explosive is the dust; tho'finer the dust the more explosive; but. in 
presence of much fine dust, say lees than 200 -meah siie, duet coarser even than 20 -meBh may entar 
into the exploeion; the higher the ash and moisture the lees explosive the dust. Pittsburgh eosl 
dust, 70% passing through a 200-mesh sieve, if mixed with 60% of inert or non-oombustible dust, 
will not ignite from a blast of 4 lb black powder; the stronger the source of ignition the more readily 
will the dust ignite; thus, if a 60-ft sone of pure coal dust is ignited by a blast, it will in turn ignite 
an a^aoent dust sone mixture of 40% Fitteburgh cool and 60% inert dual, which will then propa¬ 
gate the exploeion. Under the above conditions, it requiree 73% inert dust to prevent propagation. 
With low-volatile coal dusts leas of the inert mixture will prevent ignition and propagation. 

(e) Low-vOlatile Penn anthracite dust containing less than 6 % volatile oombustiUe k not 
explorive, either alone or in presence of CH 4 below the exploeive limit of the latter. Thk oon- 
elueion k supported by immunity of the Penn anthracite dktriet to widespread explosions. A 
certain variety of antbredte, of softer etructure and volatile-combustible ratio of about 10 %, 
would not alone propagate an exploaion, but would do ao in preeence of 1% or more CH 4 . 

(d) Pretence of CH 4 in the air, in percentage below its own explosive limit, imcbbasxs mxrtMOC ' 
Kbnnr or coai. dust (except low-voktik anthracites). An increase of each 1% CH 4 seems to offset 
3 to 8 % or more increase in inert matter; hence the increased danger of dust expiosioDS in gassoua 


workings. _ 

(s) ffigb hnnildity of tiie atmosphere, even to saturation, or wet walk and floor no mot puvsm 
xoMmoM os psoPAOAnoM of a dry dust explosion, for, while preaenoe of moisture k retardant, the 
quantity pfreacnt even at setiuation k ineignifioant aa eomparad with the heat energy of aoflMant 
eonl dust to propagate aa explosion. Moreover, the specific heat of water vapor k littk more t h a n 
thgt of the inert nitrogen of the air, which must ako be raised to ignition temp. 

CO tXjgS moisture content of toe dust is pas moss iupoktamt than bioh Buianirr or tbs iXS. 
'Moisture must be oonvertsd into vapor or steam, and then raked to i^ition temp, replacing aoma nf 
tot air sad O preeest. Mofoture eontent of dust k thus mors influentiid tiian ash content. But, purs 
‘dust k ignkible by a violent source <rf ignition, unkes mixed with enough mokturetn 
pcffveat' toe aosohsaieel rairing of a dust doud. In tests, purs fine Pittsbmto 
stobtobi, nropegatad.ss exidosien; to be safe required 30% aaokture. Nqnnsl momure m Pnts- 
NsaikwiMtis abmitx%> .RbuglUy it requiree an amount of wstor sqmti to about I/l 4f toe waiffbt fit 

Cf dust into s 
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(c) vuntiUr of Ftttobozfb dnot tfiat will emunuao oU fiio O pnocmt if eomptotd^ boned, 
ie 0.133 oe put eu ft of oir ot otmoe pne*; but, in n violent expl«dc»i» when tbe preM n^ce eep 
130 IbC if , the ttdditionol duet ie preeent it would reqidre 8 X 0.123 « 0.984 oe, to ooneume eU tbe 
O, witb effinreepo^ng tuoreeee in eneigy. But, ainoe coeiee unbuned pertidee ere jdweye preeent, 
more then the theoretical weight ie neoeaeery to obtain max exploeive violence. 

(3) ftxeeee duct in the eir reterde oxploeion. but tbia is not of ]iruotioeL.iiuportenee, for, even 
if the exidoaive wave is retarded, the excess dust drops to the floor and the exidosion flame, diouiA 
momentarily continuing at a lower velocity, is equally destructive of life. 

(0 Minimum quantity of pure fbie (iOO-meiA) duct that will propagate an mcploaion. A* tact 
reported by Taffanei, on the most inflammable dust from Couiridres, showed 0.023 os per cu ft ot 
air, and in tests by Rice, on Pittsburgh dust, 0.032' os per cu ft. These are merely indinitions for 
particular cases; 0.12 os of Pittsburgh dust will theoretically 'consume all the O in 1 cu ft of air at 
atmoe press. It will make a strong explosion, although not eJl the dust is actually burned. In a 
heading 8 by 9 ft (64 sq ft), containing 0.12 os dust per eu ft, there would be 64 X 0.12 « 6 . 8 ’pa 
of dust per linear ft. If spread evenly on ribs, roof and floor, the thickness of the dust film would 
be only 0.003 in. There is usually much more than this in the cleanest colliery. 

O') Velocity of a coal-dust explosion. It starts with comparative slowness, taking 0.6 to 1 
see to traverse the first 100 ft, or possibly several sec with impwe or high-ash dusts. HVith pure 
dusts the second 100 ft may be traversed at 800 ft per sec, and the third 100 ft at over 1 000 ft 
per sec. Beyond this the veloc may exceed 3 OOO ft per sec Velocitiee are usually highm when 
there is CH 4 in the dust-air mixture. There is not a max flame veloc. Flame passes through the 
moving air, and coal dust is forced ahead of combustion sons. 

(h) Prsaaures of explosions are to some extent functions of the velodtiee. If the origin is a 
blown-out shot (of say 4 lb black powder), the shock-wave may give a momentary local press of 
10 to 161b per sq in, falling to less than 6 lb at 160 ft from oiiipR; then succeeds a slight depression, 
followed by slowly increasing press, which may be only 6 lb at end of first sec. In a pure-cosi dust 
explosion, there is then a rapid rise in press. At the Bruceton mine, 360 ft from the origia, 63 lb 
l>er sq in has been registered, at 660 ft, 73 lb and at 760 ft, 119 lb. Higher pressures have been 
reported in the Altofts and LiAvin gallery teats. Press does not rise steadily, but by violent pulsa¬ 
tions. When it rises, retonation-waves move backward through the spent gases toward the origin, 
mad beyond it if the passageway provides a continuous dreuit into another part of the mine. Such 
waves may be very violent, throwing loaded oars and other objects toward the origin. Then follows 
a period when the gases cool and produce a depression, causing inflow of air from distant points. 
This is a slow wave of low press, probably rarely over 8 lb per sq in, which may also move lii^t 
•bjects toward tiie origin or beyond it, following the main explosion (61). 

(l) Coked coal dust. An explosion of bituminous dust of a coking coal usually leaves much 
cok^ material in its path. This is loose near the origin, and is thrown against the faces of timbers 
or projecting surfaces of walls. As the explosion gains headway coke may be found both facing 
and on opposite side of salients; at very high veloc but little is deposited, and then only on surfaces 
iadng outward, or in recesses. Variations occur, due to retonation-waves and subsequent scouring 
action of the inrush of dust-laden air. Globular coke is produced by the coking of particles in 
trusit; usually found only in a cul de sac, or stub heading. CSoke tn titu is produced when the 
flauM has lingered in gsssy workings. Thin layers of coal on roof or ribs are also coked. ■ 

(m) Tracing origin and course of an explosion. No one feature or piece of evidence is infallible, 
la extensive explosions, all data must be plotted. When gas ignition is the prime cause it is difilcolt 
to determine t^ precise origin; for if the gas is stratified along the roof, ss in still air or a very slow 
current, it may burn several hundred feet along the roof before mixing with the air sufficienUy 
to come within the explosive limits of CH 4 in air. 

(n) Afterdamp from an expioaion. Explosion of gas or dust is the rapid combiution of complex 
hydrocarbons, under complicated and varying conditions of press, with deficiency or excess of 
oarbonaceous matter. In violent explosions there is some pre-distillation of gas by radiant beat 
or adiabatio compression. The former ie more likely to occur in slow-moving explosions; in rapid 
ones the fine dust probably burns ss a whole, though coarser particles continue to burn until the 
O is exhausted, after the fore-front of the explosion has passed. 


TtUe S6. Typical Analyaaa of Oases Taken by Automatic Samplers at the Bruceton 
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^•VMitfos of eoclHliitt czidaKploiiii. All the rules for preveatioa of firedamp exploaioiui 
(Art 14) are eqxiidljr api^oablb to coaMost exploriona, because many of them are caused 
^ ignition of a i>ocket of CH4t or more generally by presence of a amali percentage of 
Cl^ in the air, The bad practice of stopping the fan at shot-firing time is no hmger 
employed, as CH 4 may accumulate in the intervid before firing. If a mine makes any 
CHt, even less than^ can be detected by casual 8afety4amp inspection, the Hang er of 
igniting dust is increased; tests at the Bruceton mine show no difference in originating an 
ex^ofion in still air or in a current. Most experiments have been in practically still air. 

In absence of other treatment, very little dry pure dust is required to propagate an 
explosion, and gangways can not be sufficiendy cleaned of dust to insure safety. It is 
advisable to remove frequently from haulageways both coarse and fine coal, to prevent the 
traffic making more dust. There are two methods of treatment; wetting and rock-dusting. 

Wetting method consists in laying dust by watering, so that it will not be raised by a 
eoncumion {Tram A I M E, Yol 71, p 1185). 

, OeoersHsed watering has proved to be a failure. Many esploiaonB have occurred in mines 
considered to be well-watered; similar disasters took place iu Great Britain prior to 1024, and in 
Germany until 1926. Water dries too quickly in a well-ventilated mine, and, unless coal dost is 
wet enough to be muddy, watering is of little uae. But rock-duating, now approved in all countries, 
where efficiently done, has not yet failed. 

Rock-dusting method <66, 67) is to spread 3 parts shale or preferably limestonie dust 
for each 1 part of coal dust, as checked by analysis. Haulageways are cleaned thorouiddy 
and the rock dust thrown on roof, ribs, and floor, about 5 lb per lineal ft being required for 
first treatment in entries about 9 ft wide by 6.5 ft high. Advantages: rock dust is visible, 
does not change from day to day, and degree of protection afforded is readily checked by 
rough analysis. It is best applied by dusting machines, which blow off any coal dust 
remaining in high places where most dangerous, as on roof, timbers and ribs, and replace 
it with coating of rock dust. 

In recent years rook-dusting has been widdy adopted. Sir William Oarforth in 1907 conducted 
tests with rook dust at Altofts. Following the Courridres disaster. France established a coal-dust 
gallery at I.i4vin, in 1907. The B S Gov’t began coal-dust gallery testing (conducted by G. S. lUoe 
in 1908) at Pittsburgh and the Experimental Mine (Bruceton) in 1910. llesults of all tests were 
favorable. In 1913, rock-dusting was recommended in preference to watering by 17 S Bur of 
Mines. • In 1920, the British Gov't made it mandatory in all dry bituminous mines, and in 1924 
in all cool minM (except anthracite) not having 30% water in the coal dust; the rock dust to be so 
spread that the mixed dust on floor, roof, and sides of workings shall nowhere contain over 60% 
combustible (66). In 1919, at a mine in Illinois, rock-diut barriers were adopted to limit explosions. 
In 1924 many T7 8 mines began generalised rock-dusting, the U 8 Bur of Mines issued specifications 
therefor, and by 1925, it became widely adopted. MuAy explosions starting in gas at mine faces 
are said to have been prevented from propagation by the dust. France, after the World War, 
officially approved the method. In Germany, Apl 1, 1926, rook-dusting in the Ruhr mines was 
made obligatory (66, 67). 

Spectltcatioiu for rock-dusting, sponsored by A I M E, and concurred in by U S Bor 
of Mines, were adopted in 1925 by the Amer Eng’g Standards Comm (66). Essential 
points: all coal mines except anthracite shall be dusted throughout active entries and 
workings;' entries without tracks and old workings shall have at their entrance bock-dust 
BABKiBBS (see below), of types approved by U S Bur Mines; road, rib, and roof dusts 
■systematically sampled; and, if the incombustible anywhere falls below 55%, that part 
shall be re-dusted. It was expected that the aver dust mixture will then have over 65% 
incombustible (68). 

Chaiecter of rock dust. It should be light colored, like limestone or gypsum, should all pass 
through a 20-mesh sieve and at least 50% through 200-mesh, and must contain less than 5% free 
8iOt, ao se not to affect health of miners. To prevent accumulation of coal dust, water sprays 
should be used on the cutter-bore of machines, and loaded can sprayed in transit. 

Distributing rock dust. In European mines the dust is generally applied by hsad; 
though oompresaed-air funnels or injectors are used in France, and Sometimes in England, 
■where, also, mechanicid dust-distributing cars operated by hand or {rom an axle drive are 
Omployed.in some mines. In the U S, mechanical distributers are uwal. Dii^buters 

p^^rmifirible elec motors for air-blowers and stirrers or mixers, for obt^ning Iwge 
es^adity. One common type with a movable pipe for discharging in any direction has 
«4^tagssipr dua^ng roof and sides of passages; another has a discharge tUted from aide 
to aide an eptiy or room; a third hai a fixed fan-diaped discharge. Osrtain diStribntSM 
llBTS a largstdiam air l^se on disdiaige, to extend tbnmgh bolea iff 8 tin>t>ihgs tp tha 
li&ndliiif today, ftiT dudtiiig tbs lattw wtwn it haa no track or ia the return airway. 
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ltoad« roof, attd fib*4twt oampUoi dwuUl be a^otemotio, a eortain number of eamploe 
being taken weekly, to determine condition of the duet preeentaa to ite e]q)loribUity in ak. 

8eai>l« should be taken Mperstely of: (a) road dust; (&} rib duet; (e) roof duet (inelndiiic that 
on timbm). In abeenoe of ovwfaead timber, (jb) and (f) may be combing. la aampUnc, weikb aad 
aim the dust and analyse separately for (a), (b) and (e). Bur of Mines teste demonstrate tbat <a) is 
the most dangerous, because of position and fineness, (6) next in danger, and <e) least ot ^e tlvee, as 
to ignition and iffopagation in initial stages of an ezploeion. Samples may be gathered by a Bur vi 
Mines dnst-eampiing scoop, with lower receptacle oovwed by a 10-mesh sween. Oversiae is rejected; 
that through 10-mesh placed in sampling cans, and on reaching the laboratory it is screened on 20- 
mesh, that passing 20-me8h constituting the sample. Sampling strips should not be over 50 ft apart, 
if the dust along entry or room appears to be approaching the danger limit (35% ooiMustiUe}. U 
light-colored rook dust is used, the color as darkened by coal dust is an important indication. AHan- 
tan Of aAitn.m need be made only for moisture and ash, except in case of limestone or other dust 
giving off COi. When a mine has no chemist, and always for speed in determining noncombustible 
material, the Taffanel volumeter should be used; it can be handled by a non-technieal man. For a 
modified form, by Bur of Mines, see (66). Results are entered in a record book, and on a skeleton 
map of the mine, showir^g dusted and redusted sones duly dated. 

Quantity of rock duat required. For first dusting after cleaning an aver entry^ use 
2-4 lb of dust; for a room, 4 lb or over. Subsequent amounts depend upon rapidity of 
deposition of Coal dust. In some mines 0.5 ton rock duat to 1 000 ton coal produced may 
suffice; in old, extensive mines, twice as much may be needed for safety. Cost of dusting 
varies, if done thoroughly, from 0.5^ to 2 ^ per ton of coal produced. It is cheaper than 
gystematio wata'ing, and for rock-dusted mines there is now a deduction in the liability 
insurance premium. Limestone or gypsum dusting improves illumination and thus tends 
to lessen aoddente along roadways. As gypsum cakes rapidly in moist air, it will not be 
ffigpereed in the air by the advance waves of an explosion. 

Rock-diast barriers are used to extinguish a coal-dust explosion started in unprotected 
workings. They consist of pockets of rock dust, arranged to be dispersed by an explosion 
wave directly in the path of the wave (61, 63, 64, 68). The original Taffanbi. babbibb, 
consisting of 10 to 15 overhead shelves, placed across ^e gangway and piled with rook dust, 
has proved effective in almost all teste. The Ricb babbibb may be inclosed to prevent 
contamination by drifting coal dust and to keep rook dust dry; it is operated by wind 
vanes set for certain air velocities (too low to blow duat from open shelves) and diadharges 
2 to 3 tons of rock dust in a dense cloud. Modified forms of babbibb have been deved- 
op^ at various mines, but most of them failed in tests, either because they were too 
iJn g giah for fast explosions, or dump the dust in masses instead of dispersing it, or hold too 
little rook dust, or have no covering to prevent contamination by coal dust or to protect 
rook dust from humidity, or no guard to prevent personal injury by accidental tripping. 

Bur of Mines does not advocate barrieni as a aubetitute for generalised rock-dusting, but recom- 
Inenda that minee be aectionaliaed and barriera placed at entrances to panels, or inacceaaible work¬ 
ings, and at other strategic points. When not supplemented by general rock-dusting, a barrier 
ahould contain stout 100 lb of dust per sq ft of croM-eeo of the passageway; leas in large passava, 
more in email (Rice). Taffanel barriera are used in some French minee as supplemental devices 
at oiitioal points, and at entrances to separate ventilating splits. 

Water barriers, consisting of easily overturned water troughs and tanks, have been tried; but, 
if tripp^ by an advance air wave, may discharge the water useleuly b^ore the flame rescdiee them. 

&ilts ter explosion prevention. CaClt, a deliqueaoent salt, when strewn on roademys in grana- 
lated form assists in packing the duet. It helps in » natur^y dry mine, but is not sufficient in 
itaeU to allay the duet. Common salt is not effective, as pure NaCl ia not deliquescent. Neither* 
salt previnto ignition or propagation of explosions. FraA coal dust collects on the crusted salt 
■urfaoee faster than it becomes wetted. 


16. MINE FINES 

Flrea Ib loiBei contaimng much timbering are, u disasters, next in importance to mine 
IhqploaitBM. Though few mines are entirely free from danger of fire, risk is minimised by 
care, good desipi of plant, and fireproof construction at exposed points (70, 71). , In oofd 
and meted minea, where only a few or no lives were lost, the aggregate damages have 
tesehed millione of dollars. In the Lake Superior iron distriet, from 1890 to 1913, 31 fires 
eaused 22 deaths.' 

Caaees pffires: Opuh uoave, igniting timbers, doth brattioee. wood stoppingn, hay tneteblM er 
se route, htbriMting or other oils and saturated cotton waste. Ignition of 6il retuee, ees^ust or <Mpe, 
or oR^oiiked Imarte. by matoBbs, cioABsmss, Axp aumaira pobacoo. .Ignitiott of tteabere by 
atesdirra bunttbic wibibo; incan d esee n t lampt ia ooPtaot with timbfr. Bmiipnia Bisug. np4i. 
mraiuMmottim tor heating Inbrieatias oil «r dinner bnekate. fixpieekst hr fiane of ggBoemfg ob 
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oASOiMa n»OB icnHiaa ttoben. floor, or dibrk. Dohrko rot juuiin {a epos piti oooaoetod with 
uadargroimd worldnsB, whieh nu^ oontain esrbonMooua materiol or timber, f irpe Irom thii eeuM 
io the Penn uithrseite region have eoet vnit eiune. It ie * source ol danger in dutorope of coal beds, 
and where the caving aystma ia uaed in metal mines. Livn-stSAM nms fai contact with dry timber 
or carbonaoeouB material. Bxtmsivm ignited in handling, or by weak detonatora. Fmcsroir or 
wins Bon» on timbers, or on wood rollers that have atuok. Ovbbhsatcd nnAUMas of eontinuoutiy* 
running machinery like tmderground fans. Fans should have fireproof settings. LioHnRMa causing 
fire in wood atruetures at top of shaft, in timber lining, or at bottom of shaft. Spabkc ntoir tocO" 
MonvM passing ndar shaft mouth. iNcnNDXAUMf. CoAb-nvsT bxflobion throwbig hot coked 
dust on timber or loose coal so that, on reestablishing air current, fires start up. SpoMTAHaoue nnaa 
are likely to occur in underground rooms containing oily waste. In coal mines they may be caused 
by slow osidation in gobs and working places; in metal mines, where there are rich sulphide orea, fires 
may originate by the sliding of ore in steep stopes: friction on footwall, grinding together of the ore 
aidi^ by slow osidation, may heat the sulphides to temp of rapid oxidation. A prolific cause of fires 
in collieries is ignition ol CH 4 by longflame explosives; or coal may take fire from flame of over* 
charged shots. In metal mines, fires were formerly caused by lighted cawdi.b knds dropping onto 
timiMrs or inflammable material; particularly dangerous at shaft landings or chutes. Dnomna 
uaBTBD PAPUt into ore chutes, to asoertain amount of ore, sometimes ignites the wood lining. 

lira ^aranfioii. Most fires are preventable. Irresponsible persons are a constant 
menace. Table 27 shows the commonest causes are carblessnbbs in HAimuNO uoxrra, 
or in throwing away lighted candle ends or smoldering lamp wicks; preventable by using 
electric lights, or inclosed lamps or lanterns, at landings, stables, and sidings. At the 
working face, portable electric miners’ lamps in coal mines and acetylene lamps in metal 


Table fl7. Colliery Firee Ceueing Loee of 10 or More Livee, end Some Metal Miae Firee 



Date 

Name of mine 

Place 

Lives 

lost 

Origin of fire 


1869 

Sept 

8 

Avondale 

Plymouth, Pa 

179 

Not reported 


1890 

June 

16 

Hill Farm 

Dunbar, Pa 

31 

• « 


1901 

Feb 

25 

Diamondville 

Diamondville, Wyo 

28 

4* 

09 

& 

1908 

Aug 

26 

Hailey-Ola, No 1 

Haileyville, Okla 

29| 

Barrel black oil set on fire 
in shaft bottom 

.s 

s 

1909 

Nov 

13 

St Paul, No 2 

Cherry, Ill 

256 1 

Hay set on fire at foot of 
intake shaft 

1 

1910 

Deo 

14 

Leyden 

Leyden, Colo 

io{ 

Underground eleo boost 
room 

1 

I9tl 

Apr, 

7 

Prioe-Panooast 

Throop, Pa 

”1 

floor of underground en¬ 
gine room 


1918 

May 

20 

Villa 

Charleston,-W Va 

13 

( 

lire in surface fan house 
Probably overheating of 


1919 

Oct 

29 

Amsterdam No 2 

Amsterdam, Ohio 

m 

booster-fan eleo motor 
underground 

1 

1896 

Moh 

3 

Kleojfliaa 

Upper Silesia 

104 1 

Wooden material in briek- 
lined abaft 

■s 

« 

1898 

Apr 

19 

Whitwioh 

Leicestershire, £ng 

35{ 

Goaf fire breaking thre* 
stopping 


1908 

Mtii 

4 

Hanastesd 

StaSordshire “ 

25 { 

Box of oandlss ia shaft 
bottom 

1 

1913 

Aug 

3 

Cadder 

Scotland 

221 

Near do wncast tiiaft: cause 
unknown 


1869 

Apr 

7 

Kentuek-Yellow 

Gold Hill, Nev 

41 

Fire in timbers, probably 




Jacket - Crown 
Point 



&om candle 



1895 

Sept 

7 

Osceola 

Calumet, Mioh 


Cause unknown 

I 

1901 

Nov 

20 

Smuggler Union 

Pandora, Cedo 

»'{ 

Fire in bunkhouse at mine 
entrance 


1907 

Nov 

30 

Fremont 

Diytown, Calif 

II 

Fire in foot of shaft: oau^ 
unknown 

Probably from eaudle end 

1 

1911 

t 

Feb 

23 

Belmont 

Tonopah, Nev 

17 

in pile of timber at bot¬ 
tom of winae , 



Feb 

14 

Pemsaylvsaia 

Butte, Mcmt 


In fan station In tdr shaft, 
cause unknown 


* 

1917 

■Tuns 

8 

QtjsniteMowtiain 

ButU» Mao^ 

ifisj 

Cnbide li|^t ifUlled fai- 
sulstioB of eti^ in dwit 

*. 



zr 

^AiRoasat 

Jsekion, Caflf 

-.fi 

Prdbabhr dee short direuit 
igniting shaft timbhr 























28^50 


MINE AIB, GASES, DUSTS, HYGIENSS 

mmes ara safn- tban oU Umpa or Mndlea. Penniarible eleo miilMs’ eap>{amp« mn Btteut 
and give best ilhnnination. . * < 

Lubricate cam on the stp^aoet where f^Ue; if underground, keep oil in a fireprOcd room, with 
cement floor and eteel Are door. To heat oil, uae hot-water ooile. Keep a euppljr oi dry cand in 
buoksta. In metal mines, candles or otb« eombustibles should not be stored on shaft Ufutiof, 
but in metal containers at a distance. 

Underground pomp, eniplae, and transfonner rooms, in all mines, should'be arched, and floored 
with non-eombustible material. There should be fire doors opening outward, for quick closing, 
and sand or rock dost kept in the room and close outside, for extinguishing eleotrioal firm. 

Underground stables <See 11, Art 11), should be built of non-combustible materiid. Straw 
and hay should be dampened or covered with wet tarpaulin, if handled by men using open lights 

Sx|dosives. Only a day's supply should be stobsd niennsaBOUNn; and while such explosives 
should be kept in wood-lined magasines, the exterior walls and doors should be of non-combustible 
material. No opbk uonrs permitted in uaoaunxs. Thawing of explosives should be done at a 
distance from shaft, protected by an ofiaet. 

Incandescent electric lighting, properly inatoUed and insulated, at shaft landings or bottoms 
and in stables, is a great measure of protection. Lamp sockets shoxild be fixed, not hung loose from 
cords, and the bulbs have wire-guards. £lec lights (except permissible portable lamps) and wiring 
should not be used in coil mines where the air current may contain as much as 0.2S% CH 4 . 

Fireproof construction. Fires often start in eoUiery tipples, and in the headframes or shaft 
houaes of metal mines, the burning embers dropping down the shaft. Such structures should be 
of all-steel or concrete. Where wood is used the membem should be maaeive and tbs apace between 
shaft collar and landing floor not inclosed. Mine entrances should never be covered with in¬ 
flammable structures. Shaft collars should be concreted where possible. Permanent shafte leas 
tban 1 000 ft deep can at reasonable cost be lined throughout with gunite or concrete; it is even more 
important to fireproof shaft bottoms, and landings. When the escape shaft is near the hoisting, or 
main shaft, there should be triplicate ventilating doors in connecting passageways, one of which 
opens in a direction opposed to the other two, and all close automatically by counterweights. This 
prevents a fire from short-cirouiting, and burning out both shafts. 

Power liaea. Steam pipes in shafts are now obsolete. electkIc unbs must be insulated or 
armored, and not in contact with coal or timber; bare lines in a passageway should be strong on side 
opposite to that along which men travel; in levels of pitching veins, on side opposite the chutes. 
Guard boards are necessary at all crossings where lines are less than 7 ft above track or floor. Lines 
passing through wooden door frames or brattices must be insulated. Fixed power lines are beat put 
in buried conduits; when in gaseous collieries, should always be installed in intake airwasw. In 
collieries, stationary electric machinery should be only in intake airways; portable electric machin- 
wy, of immiselble type, with approved trailing cable and junction boxes when at working faoss, in 
return airways, or where there may be inflammable gtie. See "Safety Rules for Elec Equipment in 
Coal Mines," adopted, 1926, by Amer Eng’g Standards Comm. 

Fires In caved workings of metal mines are sometimes caused by blasting adjacent to broken 
timbers with dynamite, which has a flame of sufficient length and duration to ignite wood, especial]^ 
if imperfectly detonated by weak cape. For such work permissible explosives, as for coal mining, 
lessen danger of ignition. 

Spontaneous Area in goaves. rooms, or chambers of colubbids are preventable by hydraulic Ail¬ 
ing with eand or oulm. In mbtal minbb having large bodies of heavy sulphide ores, spontaneous fitos 
niay ooour and are difficult, to cope with; where possible, apply hydraulio filling. Means dealinc 
with sueh fires is by use of fire stoppings, and pressure ventilation in adjacent live workingi. 



Fif 7. Max Trajeetory of Water Jet in an Entry 7.5 ft high. Preae at hydrant, 40 lb; length of 

hose, 50 ft; diam of hose, 1.6 in (71) 


Plra-flightiai •quipment. All mines contaimag timber shovdd have ample water guppljr 
and pipe liam laid around mine openings and surface plant, and to shaft landings. In soino 
oases pipe lines extend throughout the mine, as in many collieries, for boUt fire jKPteotipn 
and wiri^ng dowfi coal dust at the face. Small COi and water fire extinguichers an oseM. 
Hydrants lAottld be not over 100 ft apart; all hose tape unifom in aiee, with modarill 
thnaded connections. Ftnx aosa in SO-ft lengths, on portable reds, vrifh noadie 
attired, should be kept in boxes along entries, timbered di^ts or Mvds, mi mterthlg ^ 
.^ 00 . ^ i OQO ft, For underground handling rme inaa fai ,tpeargbDem, l.&4a Hon ifl 
liMl fiaot vrith OJ to a7jMik.ec«e noutei beat opunttiag pnaii^ 90 to 40 & ^ jaqlB. 
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liff 7 and Table 28 give reaolta of teats in the Bruceton mine (71) and inifioate limitaiioas 
of stream trajectories in entries or drifts of ordinary bright. 

Table S8. Water Thrown hy Nozzle (71) 


(Orifice of nossle, 10 in above floor; curve of atresm tansent to roof, which is 7.6 ft shove floor; 1.6-ia 

rubber hose, 50 ft lone) 


Press 
per sq 
in at 
by. 
drant 

Diam 

of 

nossle 

ma) 

P(o) 

0(«) 

Water 

thrown 

per 

miD 

Press 
per aq 
in at 
hy¬ 
drant 

Diam 

of 

nossle 

W(o) 

P(«) 

0(a) 

Water 

thrown 

per 

min 

lb 


Iq 

Ft 

Ft 

Ft 

Gal 

Lb 


In 

Ft 

Ft 

Ft 

Oal 


f 

Vvi 

161/2 

28 

34 

191/4 

25' 


5/8 



561/2 

551/4 



V2 

181/z 

31 

371/2 

231/4 



3/4 


WOM 

56 

73 



*/l« 

17 

291/2 

351/2 




7/M 

31 1/2 

361/2 

' 62 1/2 

328/4 



5/8 

151/2 

27 

32 1/2 

44 V2 



1/2 

331/2 

411/2 

651/2 

40 V4 



*/* 

15 

261/2 

32 

48 1/4 

30- 


9/16 

32 

381/2 

64 

521/2 




211/2 

32 

431/2 

23 3/4 



5/8 

31 

36 

611/2 

601/2 



Vz 

231/2 

351/2 

47 

28 3/4 



3/4 

301/2 

36 

61 

70 V4 

IS 


»/l« 

22 

34 

45 

37 


. 

7/ib 

331/2 

37 

661/2 

35 



5/8 

20 1/2 

31 Vz 

42 

43 



1/2 

35 

42 

70 

43 



3/4 

20 

31 

41 1/2 

583/4 

35 ^ 


9/16 

34 

39 

68 

561/4 



Vie 

26 

341/2 

51 

27 



5/fl 

33 

36 

65 

651/4 



Vz 

271/2 

381/2 

54 

33 



3/4 

321/2 

36 

641/2 

85 



9/16 

261/2 

361/2 

l”1/2 

42 8/4 



Vie . 

35 

37 

70 

371/4 



6/8 

25 

34 

SO 

49 3/4 



1/2 

36 

42 

74 

45 Vi 



3/4 

241/2 

331/2- 

491/2 

661/4 

40' 


9/16 

35 1/2 

39 

/2 

60 



Vw 

29 

36 

57 1/2 




5/8 

341/2 

36 

69 

691/2 

25 


Vz 

31 

401/2 

60 1/2 

37 



8/4 

34 

36 

68 

901/2 



9/m 

291/2 

38 

58 V« 

48 









(a) tf - horis distance from orifice of nosrle to point where curve of stream is tangent to roof; 
P ■■ horis distance from orifice to point where lower part of stream strikes the floor; O * horis 
distance from orifice to point where upper part of stream strikes floor (Fig 7) (71). 


Water preeeure may be regulated in deep mines by automatic differential pressure valves; or 
by water tanks in offsets from shaft at different levels, with float-operated filling valves. Ample 
water supply should be kept in elevated reservoirs or tanks, to be independent of fire pumps in ease 
of emergency. To pbbvbnt fhkezino, carry pipe-lines down the upcast and through return airways, 
or heat the water in a circuit connected with the water column. 

Automatic eprinklere are sometimes used for surface plants and in shafts and underground 
stables. They are too expensive for use throughout the mine. Where fire-lines are not used, water- 
filled FiBB BDcaBTB and WATEB BARBELS painted red should be placed at intervals, particularly at 
shaft landings. 

Emergency fire-doors at critical points are effective for shutting off fire areas. Manipu¬ 
lation of ventilating fans and sir currents is of great importance in fighting fires; colliery 
fans should always be reversible (71). 

Fire-fighting organization. Trained crews on each working shift should have monthly 
practice at assumed points of fire. Copies of special, fire maps, showing plan of ventila¬ 
tion, all water lines and taps, and position of pumps, hoso, and other apparatus, should be 
placed in each fire-hose box throughout the mine and on surface. Whore pipe linw do not 
nm, FiBB zocTiNQXJiBHEBS should be placed at such intervals that no more than 5 min will be 
'required to reach any point in the tributary district. In some collieries large chemical 
FIBB EXTiNQinsHEBs are placed on mine trucks for rapid transport. Underground tbub- 
FBOHB BTSTBM is valuable in fighting fires. Smoke helmets, in which the air is renewed 
by i>umping, are good in fighting fire, but as the user can not go more than about 200 ft 
from the base, they are not well adapted for emergency work. Oxtobh bbeathukt 
affaBATVS (Art 16, 19) is used more for fighting fires than for rescue work riter^explosions. 
00 gas masks, approved for use where safety lamps will bum, are now widefar used; 
but where O is deficient, oxygen breathing apparatus is necessary (77). , „ . . 

Fl^Ong colliery flree. It is best to attack directly by stieams of water, but if the air 
, ounent is toward the point of attack and coming past the fire, water may turn to 
and make it difficult for the firefii^iters. In this case, throw on large quantities of hme- 
rixme iittet or. sand to^Wanlcet the fire; the former is best if it is poarible to appro^ dom 
Ib iritumfnouB mines bags of limestone dust are etored at convenient poiirie (66). 
Tbedt^eb^theflamee. but, there is a lai^e mam of banung cori ami timber, wvter 
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must be Applied to cool abd extin^ieh it. If the fire still makes headway or, ia ease of tt 
gob fire, is ,iiot apuKroaobidde beeause of roof falls, it must be inclosed stopp^Bga. 

In inesenoe of gM, n dosing by atoppings is dangerous, the last stopping whieh shu,ts oS intake 
air should be a door, with weishto and pulleys for automatic dosing. A eounterwsight is abo 
attached, oondstiug oi a bucket of water whieh is allowed to trickle away, and when empty the 
main wsicht shuts the door. Or, the door can be hdd open by cords, which are broken the 
charge of caps or a few ounces ei permissible explosive covered with day or rock dust to prevent 
ignition of possible gas. The danger caused by shutting off the air current is from the backing 
up to the fim of CH 4 from blowers, or distilled gases from the coal. Explodve gases may be gener¬ 
ated by fine in metal mines having shale walls. Generally, gases from timber fires are not exidcaive. 
In ooUieries, if aftw the temporary stoppings or brattioM have been erected for some bourn, no 
explosion results, permanent stoppings should be begun. A pneumatic dam (Art 17} may help 
as an emergency stopping. A practically air-tight emergency stopping is a light sted or wood 
frame across the passage, covert with wiring or burlap, thickly ooat^ with gunite. This was 
used in a Butte noine, to endoae a pyritic fire in a stoped area, and prevent air reaching the fire 
through Joints in the walls. 

ZHrectioa and volume of ventilating current. The current should not pass over the fire, but a 
line brattice should be brought up the entry, with a cross-brattice so ereot^ as to prevent air from 
feeding the fire. The question may arise whether it is better to shut off the air by a stopping on 
the intake or the return side. Where stoppings can not be erected sirndtaneousb^, due to gas and 
smoke, it is best to idace the first stopping on intake side, so the men can work in fresh air. Pladng 
it on the return side may be dangerous, as it backs up distilled and other infiammable gases over 
the live fire, and may result in explosion. Hence, the first stopping should be on the intake aide; 
then, by carrying in air by deflecting brattices, build the stopping on the return side, completing 
sdth an automatically closing door. Before erecting fire stoppings in bituminous mines, the 
vicinity is rock-dusted to prevent a coal-duat explosion from gas. 

Xsvsralng ventilation promptly is important. At one disastrous mine fire, which started at 
foot of intake shaft, when the fan was finally reversed (after lapse of about half an hour), the fire 
had reached the other shaft and many lives were lost. A fan should never be reversed without 
knowledge and approval of the underground foreman; hence the importance of an underground 
tdiephone system, connected with the surface. 

Saaling fire aroa. Stoppings should be as close to the fire as i>oBsible. If the sealing 
is perfect, flame is soon extinguished in the inclosed area by depletion of O, also in collieries 
by absorption of O by the coal (Art 3); then slow combustion continues until the O is' 
practically exhausted; with tight fire stoppings and a small inclosed area, this may take 
from 1 week to several months. Where <3H4 evolves rapidly in the area of a biasing fire, 
do not place the seals too close to the fire, but 6(X>-1 (XX) ft away, so an explosive mixture 
will not occur before the seals are built. In such case COi, liberated from tanks on the 
intake side of the fire, lessens danger of gas explosion (71). 

Perfect sealing is impossible. Though the stoppings be airtight, air percolates through frac¬ 
tured strata, or along bedding planes, and most rocks arc porous. A change in barom press of 0.5 in 
above or below normal is equivalent to a difference of 1.3 in of water-gage on one side or other of the 
inclosing pillms and stoppings. It is then a question whether the ,0 is consumed faster than it, is 
renewed by leakage. This is tested by taking samples of air through pipes with valves, placed in each 
■topping. Where the nature of strata or thinness <A pillars permits rapid leakage, iNrncnoN or inbbt 
O aa (COt or 80|) is useful, not because these gases have materially greater extinctive effect than 
excess N, but to reduce the proportion of O below the 10 or 12 % which permits active combustion. 
If the area is small uvx stxam may be used with advantage (71), serving to keep fresh air from entqr^ 
ing, by maintaining higher press than atmospheric in the fire area. If the area is large, as of an entire 
mii^ injection of gases xx of steam is of .little value; eteam is rapidly condensed, and the inert gases 
tfm absorbed by the water. Moreover the volume of gas available for injeetion is usually insignificant 
as oompved with the spaces to be filled. SQi oas, made by burning sulphur, has been tried; reaulta, 
inoonclusiva. In burning sulphur, it is difficult to keep the 0 in the gaseous products down to 10 or 
12 %. CaaBOBr moxonx, produced by action of H 1 SO 4 on limeetone, was tried at a large fire ina Colo 
Brine, which had been surrounded by fire wails, but failed due to roof breaks admitting air (71). 
If mroperly controlled, pbosuctb ntoK bobmimo matubax. qab, or pbosocbb gab, might be suitable 
for iajeotioB. i^t, a fire furniahee its own extinctive gases, and it rarriy pays to injset artificial 
gases. Uquid COt was recently suoceaafuUy used in a German colliery to extinguish a persistent 
gob fire in eteep-dipping workings, when other means had failed due to leakage of air. After oover- 
Isg the gob with sand, the CDs woe forced through pipm into the burning mass, cooling it by expand¬ 
ing and also excluding O (71). After combuetion etope, the beat or a Iiabob nBE, sorranniM by 
ite own ashee, iniBSiPATxa vbbt bi,owlt. Ths Monarrii mine fire, Ill (1910), was asalsd for 2 month^ 
and whoa Brea wbb explored by men with oxygen breathing apparatus, no excessive heat was 
ofaeervwd; but, on admittiBg a ventilating ourrent, smouldoriag firm under heavy roof lalklmiBsdi'* 
atrijr revived and had to be dug out. , 

nogfling the mlae with watwr is luoaily the last resort in fif^ting firee, giaoe it is 
glow an4 boetly, first to. flood, then to pump out and r^mir dwnage, ooUisijes damgge 
mgirbe oowriderahle, ovring to falls of to squeeses where the Ixittom is edt akaleev 
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lAagr. Aa tnntKsoaotnn lup of the min* is of utmost importwee in 4«oi<Ilitg for 

or afsiast flooding. To uimTHX nos ajou dams xiuy be necessary, uid must bo okrcmgly 
built to reeist ^ter prMS, if on steep dips. Preparatoiy to floodUig, plana must be made 
to liberate entrapped air or gas above the fire level by drill holes; otherwise, thw Water' 
level m^ not reach high points of the fire. In one mine, after attempting to extinguidb 
fire by sealing, water was run into the shafts until it rose above the main wor^g levch 
but when pumped out, hot coals were said to have been found in an upper portion of the 
workings, not reached by water on account of entrapped gases. 


16. mUNDATIONS AND COLLAPSE OF MINES 

• 

Mine inundations in foreign countries, where coUieries are sometimes Worked under 
the sea, have been diastroua. In a Japanese colliery, water from the sea broke tltfough a 
fault plane in sandstone extending up 155 ft to the sea bottom, which consisted of 82 ft of 
sands and days; 237 men were drowned. Inundations with large loss of life have been 
rare in American mines. Except in the Lake Superior district, little mining is dbne near 
large bodies of water. In cod mining, of which the records are more complete than for 
metal mining, to 1915, 7 inundations caused 149 deaths. Four of the 7 inundations were 
due to inrushes of water from old workings. Sept 25,1923, the Redding Colliery, Scotland, 
tapped old water-filled workings, and 40 men were drown^. In metal mining, the loss of 
life has been light. Feb 5,1924, an inrush killed 41 men in the Milford iron mine, Crosby, 
Minn. Nov 3,1926, an inrush from a swamp killed 51 men in the Barnes-Hecker iron mine, 
Ishpeming, Mich. 

Prevention of inundations. Surface flooding is prevented by proper location of diafts 
and proper grading. To prevent future flooding from abandoned workings, plans and 
cross sections of excavations that are to be abandoned must be made. In approaching old 
workings long holes must be drilled in advance (by diamond drill or equivalent) through 
which the water is drained. In working large deposits, where the width of orebody pre¬ 
vents adequate solid support of the water-bearing ground, the latter must be kept well 
drained, or completely excavated down to the rock or ore. Water and sand inrushes in 
sbaftHiinking through water-bearing ground, or driving headings under stream beds in 
loose formation, is sometimes a problem (Sec 8}. For effects of caisson disease, see Sec 15, 
Art 28, also Bib 83. Barbuib pillars left around old workings must be carefully calcu¬ 
lated to carry the load due to overlying strata. This is a more important factor in esti¬ 
mating the required strength of barrier pillars than the hydraubc head, for, if the pillar 
begins to crush, water will percolate through the pillar, and cause its failure. (For data 
on barrier and other pillars, see Sec 10). This problem has been important in the anthra¬ 
cite district of Penn, where upper workings have filled with water; also in the bituminous 
field, wherein steep-dipping beds there is different ownership of workings to the rise and 
those to the dip. The question of required strength of barrier pillars is so important that 
a state commission was appointed. They report^ that a barrier pillar strong enough^ to 
resist crushing by the overburden was sufficient to act as a dam (74). 

Collapse of mines. ‘'Squeezes” in coal mines, causing the "top” and “bottom” 
to come together, are usually gradual enough to permit the men to escape; but, in 1914, 
the Adamson No 1 mine, Okla, collapsed so suddenly that 13 men were killed. Cavings 
miQT occur when ore or coal has been too completely extracted, leaving insufficient pillars 
for roof support. Timbering, also, at considerable depth below surface, may be inadequate 
to support tibe auperincumtent weight. In coal mining, squeezes are especially apt to 
occur when the clay underlying the seam is softer than the pillar of coal, which is then 
forced downward, with side flow and heaAung of the clay. Pbsvxntiok of CAvnro in coal 
mining ; (a) in room and pillar work, take out in advance or first mining 20% to not over 
60%, depending on depth of seam below surface; (b) pack excavations with rock debris, 
or fill by sand fludbing; (c) or, work the seam by lon^all, with stowing (Sec 10). Simi¬ 
larly in metal nfining, size of pillars must be proportionate to the strength of rock or ore 
composing them, and the weight to be supported. In deep metal mining, besides leaving 
strong pillars, empty stopes should be filled with uraste or sand, or with rock blasted front 
hanging- or foot-wali. Sand from tailing piles is often used for filling. Back-filling with 
crushed mine waste, blown through a large pipe to a hose at the face, has recently be|pm 
in European coal mines, for levdl workings or even 'those to the rise, but is less efficient 
than sand-filling. 

<tBompa** in coal mines are primarily due to wt of overlying strata. They throif 
dabs of coal VM^ntly from ribs or sides, break down roof, or burst up the floor with a loud 
report sounds like the word “ bump.” A -violent bump will smash down or dislodge 
thmhcvs and may esuse an air-blast. 
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Tremon, lika ft iMkl •Artfcqnak*, OMiMd by * Mvew bump In tSlt ftt Coal CtwkaliM, B vw* 
fait ovar A mitaa fttray (12). la omiiatiaiea givau off aimultKnaoiialy. Bioa (12) aumiwtf 2 kinda: 

nnnat7]a)»BVMaat iu adu^ ft pillar or adiftoant atfatum ia ovarloadad and buratt* like * rook ki • 
omahiac maokina, and aaoexpBDim. where auddata braakace of a rupd airatum above and apansJac 
a aubaidanoe cavity, prodaoaa a h a mme r-blow on mine roof. Qonditiona eauainc piaaaure^umpat 
(a) wt of ovarlyiag atrata too great for unit atrangth of coal noting aa a piUar; (b) atrong roof over 
the coal bed; (e) fairly atrong floor, not flowing or aqueeaing under preaa. Than, a weak pilhr apaUa 
off violently; or the flom* may burat upward and aeatter the propa. To cauaa ahock-bumpe, beaidea 
ponditiona named above, thm must be: (a) atrong. rigid ro^ above the coal aeam and Unmih^ta 
roof; (b^ aubaidenoe of some kind under thme rigid rooks; (e) exoeaaive roof span, so ^at ovwlying 
rook breaks and falla, striking on the immediate roof and causing a ahook-wave, imparted to pUlars 
and floor. In oertaia mines, the roof is so olaatic that, after bending a few inohes, it springs back, 
leaving a wedge-shaped space over the edge of pillar. This may displace timbers. Bumps occur only 
in deep mines 4 Ciay. 1 SOO ft or more), and under strong strata. Severe bumps have oeeurred in 
Springhill No 2 mine, Nova Scotia, which Rice believes were pressure-bumps, ana those in Coal Creek 
mine, 1916, shock-bumps. Bumps have been noted in England and elsewhere in Europe <11, 12). 

Remedies; Since ^e ehief cause of danger to men is overloaded pUlars, or, in case of ahoek- 
bumpB, fslae or loose top, and as bumps are rarely dangerous in longwall mining, longwall should 
obviously be used under conditions causing btimps, and, where suitable, retreating longwall. This 
refers to severe caaes; leaser preeauie-bumpa are usually preventable by leaving large, evenly spaced 
pillars on the advance, and drawing them systematicallv to prevent concentration of wt on weak 
blocks. Teats on strength of coal in pillars, made for Penna Anthracite Mine Cave Commisaion, 
1912-13, on small blocks taken from the mine, may not give true results owing to effect of cleat, 
or face joints (74). Coal is semi-plastic when pressure at right angles to bed exceeds 2 000 or 3 000 
lb per sq in or more, depending on character of coal (74). The British Safety in Minee Research 
Board has recently made tmts of convergence of roof and floor in various mines, both on longwall 
faces, and in narrow headings into the face. One example cited (1930) was in a 4 l/g ft bed, 2 100 
ft deep, where slow descent of roof extended 68 ft ahead of the face, and forward slanting breaks 
in the roof shale were observed 50 ft in advance (88). 

Rockobursts and air-blasts in metsl mines resemble bumps in coal mines, being marked 
sudden bursting off of masses of hanging wall or pillars. Sometimes individual rock 
blocks are tmder strain and easily fly apart (termed "explosive rock"). Since vein 
matter and walls of metal mines are usually stronger than in coal mines, rock-bursts are not 
serious until greater depths are reached than where bumps occur in coal mines; rarely 
giving trouble at depths less than 4 000 ft. 

Rook-bursts might be olassified like bumpe into paaBsuBii-BOBsie, sBOcx-DisTUiiBAMcas and, 
with very local effects, BXPbosivx-Bocu. Preasure-bursts have caused anxiety in the Lake Superior 
oopper conglomerate vein, at vert depths of 5 000 ft or more; especially in drawing pillars between 
Btopes, when the diagonal line of extraetion approaches shaft or level pillars, and sometimes have 
oauMd air-blasts. Shook-wavee also have been caused by ground movements in hanging wall, produo- 
lag severe tremors felt more on the surface than underground. Previous to 1924, the Calumet it 
Heela mine adopted retreating longwall without leaving pillars, at depths of 3 500 to 4 900 ft. Only 
trouble from bursts was in approaching shaft pillars, which are in the vein (72 a, ft). 

In the Kol^ mine, India, below the 5 000-ft level, rook bursts began when 60% of vein was 
extracted; granite blocks quarried on surface, placed in packs to support 40% of banging wall, gave 
favoraUe reaults, as they compress 10%, compared to 23% compression of packed pi'gstyes (72e). 
A later study (1937) of the Kolar outbursts illustrates doming and effect of different supports. Pig- 
styes, pronounced unsucoessful in the Rand mines, are valuable if filled with granite blocks, after 
tbs initial squeese, whereas waste filling is apt to displace the timbers {72k). 

As mining becomes deeper, rock-bursts have been increasingly numerous on tbs Rand, with 
many earth tremors, and in 1924 a commission, appointed to study them, reported that from 1918 
to 1924 roefc-bursts bad killed 193 and injured 498 men. 

Ramsdias. &nd filling of atopea was formerly considered the best remedy; but at great depths 
thooidi preventing large movements and collapse of walla, it may fail to check small movement 
and mei^y lessens but does not prevent bursts. Longwall mining is regarded favorably (72d, e). 
Iri deep iron mining in tbe U S, and in the Lake Superior oopper district, the problem will be 
inereesing impoctance. On the Rand, the danger has been stressed (72e) of leaving pillars and 
remnants, as between approaching faces. The Assoo of Mine Managers, 1033 (72/), studied 
roek-bursts, reporting on use of the “sag meter" to record convergence of hanging and footwalls 
give warning of impending bursts, and on relative efiic of pigstyes, wood eribs filled and unfilled, 
circular ooneiete blocks and circular steel supports filled with sand. For a study of ground failure 
in deep metsl mines, formation and shape of pressure arches and invert arebes. t^eot of pillars ai^ 
dip (A strata, see Bib 72g (1087). 
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RESCUE AND RECOVERY WORK 


17, MINE BESCim APPARATUS AND RESCUE STATIONS 

‘ tCto rewiMaj^ustut (76-79) may be olaeeified aa; oxygen or air»breatfaing portable appwmtue;' 
reevsmtation apparatvui, for reviving men overcome by gee or emoke; communication appUaneegf 
aa tdaphonea, eignala and guide ropes; lighting apparatus, portable electric lights, safety lampsi; 
gas Indioators, canaries for testing, safety lamps, gas analysis apparatus; first-aid-to*tbe>inju^ 
appliances, as stretchers, medical supplies, underground refuge and first-aid chambers; brattioing 
materials for restoring ventilation; fire-fighting appliances, as smoke helmets, portable estinguishen 
chemical engines, hose, water buckets and limestone dust (77, 83, 84). A rescue apparatus roost 
- should be adjacent to the mine entrance, with a room equipped with first-aid supplies and medichue. 

Portable breathing apparatua for rescue work has long been used. In it the contained 
air is resupplied with fresh oxygen, and the COa fixated by a chemical substance. 

In the U S (1908), after the Marianna mine explosion. Pa, the only living man was saved by a 
party equipped with Draeger outfits. In 1009, at the Cherry mine fire, exploration with breathing 
apparatua through a sealed shaft led to reopening the mine, and recovery of 21 men 7 days later. 
Lives have sometimes been lost due to defects in apparatus, or insufficient training. Though 
breathing apparatua is far from perfect, it has in general been successful in preventing losses of life. 
Helmets attached by hose to air pumps, though good for distances to about 200 ft, are useless for 
gemsral rescue work. They are properly fire>fighting equipment, and are called sxoKB-HKLiSBm 
Self-contained breathing apparatus for rescue and exploration should have at least 2 hr working 
capao. BELF-RBscuB apparatus, that may be carried in the pocket, is sometimes used (79); they 
are good for 0.5 hr, against CO 3 and small percentages of CO, but do not supply O. 

Gas masks, developed during the World War, led the Bur of Mines to devise masks 
for mining and other industries. They are now part of the equipment uf all well equipped 
mine rescue and fire fighting stations. The usual gases from explosions, blasting, or mine 
fires, fire COs and CO ; sometimes nitrous fumes and HtS. For chemical works in which 
special poisonous gases or dusts may occur, particular kinds of gas or dust .masks must 
be used (78, 29). 

The most difficult gas to break up or render harmless is CO; finally done by making a chemical 
compound called Hoi>cautb, which catalyses CO to COi. Mask designs differ for various gases. 
Military masks are unsafe in concentrated poisonous gases, and useless against CO; hence, should 
never bo used in mines during fires or after explosions. For thb service, certain masks are approved 
if used only where an oil lamp, or in coal mines a safety lamp, will burn (requiring presence of 17% 
O); as they do not supply O, they must be regarded aa auxiUariea in mine rescue and fire-fighting 
work (78). 

CliargcteriBtics of portable oxygen-breathing apparatus: 

(а) Apparatus employing O compressed to 120 atmos and in some recent apparatus 136 atmos; 
CO 3 absorption chemicals (chiefiy caustic soda for European apparatus; in U S, soda-lime or cardox- 
ide) in can or box, loose, or on wire trays; a rubber breatliing bag, with automatic relief valve, to 
provide for fluctuations in breathing needs; and forced, circulatory system. The DuABOxa and 
WxsTFAUa apparatua, widely used in different countries, are of this type. Both use either helmet or 
mouth-breather. Wt, about 40 lb, when charged. The Wsa outfit, made in England, is of the same 
type, but has a mouth breather only and oxygen feed is controlled by an automatic valve, controlled 
in turn by lung movement, whereas all oth^ kinds of compressed oxygen apparatus have fixed feeds 
of 2 or 2.5 liters of O per nun at atmos pressure. 

( б ) Employing compressed oxygen, with COi absorption chemicals in loose or etiek form in a 
flexible breathing bag, which must be shaken from time to time for better absorption of COt; emer¬ 
gency valve on by-paae for O flush-out; The Flbvss or Pboto outfit (Fig 8 ), made in England, haa a 
mouth breather only; wt, about 40 lb, fully charged. It has a by-pass for extra supply of O, if 
needed by wearer. Its parts are: a, reducing valve; 5, by-poas; e, main valve: d, skullcap: e, anie^ 
gogg^; /, nose clip; g, mouth piece; h, inhaling valve; t, pressure gage; j, saliva trap: k, relief 
valvef /, exhaling valve; m, pressure-gage tube; n, pressure-gage valve; 0 , oxygen-supply tid>e; 
p, cauetio-aoda spaoea; 9 , breathing bag, with inhaling and exhaling compartments; r, oxygen eoni» 

‘^ataera. , ' 

^ f (e) Emj^oyiiig compressed O, with CO 3 absorber in liquid form. It is represented by Tnsen 
aiyiaratvfe, made in France, unique in haWng in combination with the mouth breather a device for' 
igei^oa itt hhetrils, to permit breathing either way. Breathing bag and other parte are contained in 
n:W[eed<^v<Hred knapsack. Wt, Itt kg (31 lb). 

(d) Ximploying O liberated from KNaOs, through reaction produced by absorption of mnietar* 
.and OQg of ^breath. Not having the heavy oxygen bottles of (a), (5), end (e), it tlw Uiditestkad'' 
pkpesitea’eulieaai, though a dlffloulty not yet eoli^ is the high temp of air supplied, and. the 
irregnlnr ogpgen lead. Beproeented by the Pneumatogen, made in Anstria; used sibo In ^gfpnd; 
nsMith^bnathtflli employed, 1911 type weighs 92 lb., fteaotioBs for Bberatikm of P'aad flkfrieu et ^ 





IONS Am> HT6ISNXS 


COi; KN*Oi 4- NsOB 4- KOH + Oi; BOB + BsOH + COt -< B;B»CX>t4‘B|0; BMkOt^' 

Cbt'o KNkCQt + Os 

Mf-eontain^ osyi^ brushing api>ar«tus had eouid«rabl« davrippment dtii^ stKl idW tb*' 
World War. Qanend pribeiplaB bava not cbangad, but tha baltnat baa bam abandbiMd baaauaa of tfaa ' 
apaaaa that may fill' with axhaled air and danger ot lealcage. In tba U 8 the Draager, Fleum and other 
foreign apparatoa fall into diauaa, and in general bgva bean aupplanted by Amarioan apparatus like 
.the Qib^ and the Paul; wkioh, with the Fleuse-Davia Proto (British) and the Draeger, IMi type, 
are on the Bur <rf Minea permisaible list. The Gi^faa and the Paul have automatio ozygdp foM* 
iQWulating vmlvest iimtead 61 a fixed rate of feed, like the Draeger and Fleuas^Proto, and have aaSght 
outward m poaitive press throughout the air-ciroulatory ayatem. This protects against slight Ihalbi 
when using in poisonous gases or those containing insufficient O. Gipns appabatub (lilg 9 ): O from 
^ttle peases through a tube with closing and reducing valves to cooler; thence, by admission valve 
and tdbe to exhalation side ot cooler. Mixture of O and exhaled air passes to regenerator, and up into 
&baiation gide; tbenee into breathing bag through spaces around admission valve; thence by inhai* 
ation tube to lungs; thence through valve to exhalation side of cooler. By-pass valve furnishes O to 
user indeitendently of main closing valve. Tlie MeCaa and Paul outfits are similar to the Gibbe, with 
miner flanges. The MoCsa has a 2-hr capac; some are made for 1 hr and 1/2 hr, weigh Ime and 
permit quick inspection. For detaib of these types, see Bur of Mines handbook on "Self-contained 


Oxygen Breathing Appara- 
taa" (revised 1033), which 
alee deecribes equipment of 
raeoue etatlons and trucks 
(77). In France, the present 
Iqaffing oxygen breathing ap- 
paratuB is the Fensy, whi^ 
alee haa autdiUittio oxygen- 
. feed regulation (77). 
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Fig 9. Gibbe Breathing Apparatus 





<«): Bmploying liquid air, with purifier containing caustic soda, breathing bag, and bloyrniff valvgi 
Bepreeented by the Aerolith apparatus (England and Germany). - Earlier English /orm, used *%• 
Kewoaatla 1^ smd Reseue Station, weighs 40 tb, fidly charged with 8.5 Ih liquid air. It Is eontaii^ed,,, 
in a niekel knapsack. Liquid air supply must be constantly renewed by the plant of the reseuai^g- 
tion, ^ is li 4 Uefied at —191 ** C, and occupies about 0.08 of its vd at sdh-levol press. Thh-diffieid^ 
of hadng Oeaietantly to tenevf the supply of liquid air,, which ovaporatea,«rhe(ihartbe tastewieed^ig'^ 
use or noWi piwvoBta general appliMtion of this apparatus. Iisfaovgo ftfqvip O appaxuLtub. Hm 
B rown had Mills, and ttw Rotherham, have rtgfUMrntivp legtiiree (e es e wtinll y an dmorbeat! for 
epOsk have not yM ^n introdueed into the U S, , "f^ji 








lONE BBSC^ AFPiiRATCrs Aim RBSC^ STATIONS 

*r ki * . 

Pbitabto breatliiDt «n»Br»tu» iMpd in the T7 S in 1938 oompriM 1 lao CHfabftj ^ 
mkI ettout 3(ra PaiA f1sii»E>avj|^ Proto end Dreegsr, all on Bor <d MhaMl^ieitti«t|^Bit. 

. In ncMnt yean the number <d available aeta hat iwt ineraaead: due to aonamtintlloB of taaoua 
apparatua at central afatioaa in adnind diatiieta and Breater uae of gaa naaka (or aupply and aon- 
Btroetioa pArticBi (oUovins taacoe and fire-flthting crewa vearins oaycao-biaatlijng anrantpa. 

' Care and uae of apparatua (77). It inust be kept in perfect eondition. Bvwry atation 
ahould have at leant 6 aeta, better 10. A'reacue party ahould conaist of at leant 5 meni po 
If one becomes unconscious there will be 4 to take him out. Men should be Ihoroui^i^ 
trained for not less than 6 days, 2 hr per day, and be able to toko apart and put to gether 
the apparatus. There should be a leader, paid to care for apparatus and train men. 

Crews should praotioe in apparatus 2 hr per week, and be examined periodically by a phyridan 
as to their fitness. No one should be permitted to use apparatus under dangerous eonditioas, 
without a eertifloate of training from the Bur of Mines, State training atation, or joint or private 
reeeue etarion giving equivalent training. Apparatoa ahould be kept in a room by itadf, duat-fteof 
dry, well ventilated, and not overheated, so the rubber parte will not be injur^. It aboidd be 
eleuied immediately after use, and hung in ita proper place ready for emergency ealle (77, 8 (B. 

Tegti of retcue gppantua at high altitadeg made (1915) by Bur of Mines on Pike's Peak, 
Colo, at from 7 000 to 14 OOO ft above sea-level, show that standard types of apparatus are 
efficient, mthout reference to altitude and at the higher levels more work can be done 
wearing apparatus than without it, owing to the liberal oxygen supply. 

• Resusdtation apparatus. Besides first-aid methods (Art 20), tliere is special apparatus 
for reviving rescued persons, by mechanical movement to assist restoration of respiration, 
and flush bad air out of the lungs by means of oxygen. 


Bratf 8 Resnscitator draws the air and gases from the lungs by suction caused by an ejeotorr 
in eonjunotion with the compressed O, and alternately forces in by Ught pressure, pure O, or a mix¬ 
ture of O and air. The change from suction to forcing movement is made by a hand lever. Pubuoroa, 
blade by the Draeger Co, aocomplishes this movement automatically by preesure of the oxygen. In 
both.of these, the movement may be made by hand, the O being carried in an iron tank or bottle (like 
thoee used in rescue apparatus). When the Pulmotor acts automatically it furnishee a mixture d O 
and air, the proportions of which may be varied to about 35% O. A committee on resuscitation from 
mine gases, appointed by Bureau of Mines (82), reported adversely on automatie apparatus; on the 
grounds that, if improperly used, the suction may cause collapse of the air passages in upper part of 
lunci; and that, in forcing O into the lungs, injury may be caused by the press rising toe high. The 
Committee favored manual methods of artificial respiration, supplemented, in ease of gas poisoning, 
by giving O by an"inhalator,"in eonjunotion with the"prone” manual method (Art 20); or, hi excep¬ 
tional cases, by the Sylvmter manual method. Some pfaj^siologists favor using 7% C(}j with 03% O 
while administering the manual method, as COt stimulates breatlung. 

Communication apparatus in rescue work. Portable teiephonse are helpful, for communiea- 
tion between the temporary underground base and the surface, and between base and party uaing 
breathing apparatus. The former can employ ordinary telephones, though preferably of iron-elad 
mine type. They should be placed in intake air; in return an of a gaseous mine, magneto spMks 
might ignite CH 4 . To keep the advancing rescue crew in touch with the base is more difficult. 
When helmets were used with breathing apparatus, a satisfactory telephone attachment to the 
helmet was employed; but, since mouth-breathers are now required, a special phone is necessary, 
requiring no lip movement. * 

The Western Electric Co make a phone to be strapped to the head, so that it presses.a^nst 
the throat of man using the breathing apparatus. He "talks’* while the breather is inserted in his 
mouth. This takes practice, but sounds transmitted by an experienced man are readily intelligibl* 
to a trained man at the base. Field receiver is of ordinary type, held to the em by a spring. The 
wiiwi are made into a light-weight, comparatively cheap, cable, to be abandoned in case of retreat. 
It is oh a special reel, to maintain a circuit when paying out or winding up. The chief at the base 
is therefore constantly in touch with the advance party. This apparatus has been rarely used. 
Wireless has been tried with little success. Geophonea have some value in shallow mines for locaUng 
dmpriaonsd men who may rap signals. 

Pnomatie horns are go^ for signaling, especially in descending shafts on cages or buckets. 
Gongs are inconvenient. The leader of the crew should have a horn, and the obief at base one d 
'diflennt note, or a bell, o code of signals being agreed upon. The first 3 regular hoisring signsls 
should be employed: 1 bell, go ahead, or lower, or stop when in motion; 2 bells, retreat, or bcdst: 

bsBs, lUgn to be hoisted; on return signal he will get on cage or bucket, and signal 1 bdl. Special^ 
ngnols can bo arrani^. . " t « * 

Ootds ropes. When a rescue party is to enter a smoky atmosphere, so that the mine wi^ Sn 
^ndixfliltok^WMcially in crooked passages of an unfamiliar mine), a light manila rope shoi^ 

.iw 4 ;fg|ifisd 1 >y advancing Jiartyi and a code of signals by numbers of tugs on rope is art^med. 

for Tescue work should conidst of portable etectrio lights of psmiissl- 


,f , 1 , ipigi ‘jnol svaliablep ^shArg^ ready iFor ueet ordinary eleetrie flaeh leiUi dry 

GiiijkMriibai lodvt'lNf eoiyloyods v Outiide fparking will not ignite firedampi but If tbe outer end 
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bulb la* bvakan to m Uyoi^iof fbe ^owinf fikiMiit, flrodMni) rU) b« icaitaNi; bbnof tb^ atwt b« 
•wcifiiily h a adhrd aiMt facw<l»4 only m omotwmoy Ui^ta, unleiHi.of typw tvto tipm tbis cibjMtioa 
and ap^v^ by the Bur of Miaw. Sararr aaiiM (Art 0) lAoutd bo earriedby at Jeaat 2 ia oacb 
partjr^ to toot tlMair. ' ^ ^ 

Oaa.JwUcatora. Xa rocovorlnc a^mino ^o laoouo party aboutd havo safoty lampOr Buryw) caa 
indioatoro. CO detooton; alao canarwa (Art S>, earri^ oeparat^y in amall cagoo. Tba Batd^ko 
eago ia a light aluminum boa with mida windowo, tight cloaing door at one ond. a bird perch witbini 
a amall oaygon bottle above, whieh aorvea aa a battdloi with valve for oaygen admiuioa. Caatariea; 
though more aenaitive to CO pdaoning than men (AH S), are teaa uaed than formerly, b«tt the Bur 
of Minea raaeue ereaqi often carry them (54). Their advantage over CO detector ia that ^ey can 
be eaaily watched oa the party advancea; if one faJla it ia quickly noted, whereaa the CO detector 
oauaea a atop to make teata.*. 

Ggt<4iulygls gppgmtua (Art 11) should be kept in every rescue station. In case of a 
mins fire, it is important to know if the atmosphere near it approaches explosive limits, so 
that men can be withdrawn. Also, in fighting fires, the presence of CO in the return air 
indioates an active fire, ae otherwise CO is lapidly diffused and absorbed by moisture. 

Vlnt>gld-to>the4ajttred packets and boxes, including simple medical supplies, 
sfiretdters, etc, diould be in every rescue station and field party (Art 20) (77). A few 
mines have been equipped with an underground ^bulanoe car, hand pushed or drawn by 
toine locomotive. 

Bratticlag meterUl for restoring ventilation. It is impossible to keep enough bratticing 
at any rescue station to be of importance in recovery work after an explosion, but every 
naine riiould have an ample supply; and a joint rescue station, if in the neighborhood, 
should keep a reserve of brattice cloth. 

Smoke helmets are similar to those for diving, being connected by rubber hose to a 
band pump; or, if the mine has compressed-air plant, to an air-pipe line, with an automatic 
ipreMure-reductibn valve and a relief valve between pipe and helmet, set to give not over 
6 or 8 OB press per sq in in the helmet. 

Return hose to pump is unnecessary, as air escapes around edge of helmet, thus-preventing. 
entrance of bad air, and helping to keep helmet, cool, if the wearer has a special coat with flaps 
St neck for fastening around edge of helmet, the escaping air circulates under the clothing and keeps 
the body cool; important in fighting fire. Haldane found that a man with smoke helmet could 
do 4 000 ft lb work per min in an atmos at 03 to 94* F, with wet bulb at 64*, and continue for an 
hour without diacomfort. 

Two smoke helmets can be connected to a single air hose by using a “Y"; not advisable unless 
hoes ie large, and there are other helmets and ample compressed sir to effect a rescue if one man be 
overcome. For safety, work with helmets should not be carried on farther than 200-300 ft from 
a point where air js pure. Their use is therefore limited to building fire stoppings, or handling hose 
and directing the stream on the fire. Many helmets are on the market, differing but little. They 
have been used advantageously at Anaconda mine, Mont, in fighting atope fires.,Masks and O 
apparatus have-supplanted smoke helmets, except for erecting fire stoppings or other construction 
near a fresh-air base, in which case gas masks or airhose masks are less fatiguing to workers (29). 

Fwtgbl* fire extingvishera should be ia every rescue station, for dealing with incipient 
fires after explosions, even in mines having fire-fighting water lines, as these may be dam- 
■ aged by the explosion. 

There are numerous good extinguishers, including those requiring simple overturning to empty 
a vial of H 98 O 4 or other acid to act on NagCOt for generation of CO 2 , thus producing pressnre for 
throwing a afrum of water. Not all are adapted to mine use. As such apparatus will be used by 
trained men, it la better to have a positive and proteuted means of breaking an H 2 SO 4 bottle, and a 
strong outfit to stand rough handling. Chemical fire engines on mine trucks would rarely be useful 
for rmeue work after explosions, as mine tracks are apt to be temporarily impassable. SvactAt, cbbh*, 
ICAL sXTiitauiSHKRa giving off gases are not good for fires in overhead timbers, which require f . 
Stream of water. Carbon tetrachloride extinguishers are efiie in fires where there is eleetrie ardng, 
as this liquid is a non-eonductor; but are applicable only where air current is strong and all thf men 
are on the intake side, since phosgene and other toxic gases may be produced. Sand or roek.dugt sra. 
generally ^est in eieetrioal fires in confined places; water should not be used until eleo current in the 
vi^Hy hes been out off, to avoid shocks to men handling the hoee. 

Fin buckets abould be a part of rescue station equipment; painted red and labeled “Fdir 
fighting only,** ' 

Water hoee. 1.5-in rubber-lined cotton hose, in 50-ft lengths, with standard pipe threadiv 
and hand couplers, sfhould be kept at stations. Even if such hose is maintained for use in the 
it msy, not be in condition for an emergency. It ehould bd on light reela. etai^ oanded tor hanil' 
and havt epeoiid UM of several sises, with gate valves attached, for elampiA# on Wat# .^pei^' 
bole being oHlled iii pipe by a ratchet drill, extending through the open Valve. Thie pe^bits 4#!% 
oof»wetio% without intemiptuig flow of water. ' « , 

, i^eaimtle fire-dam ia a German fire-flghting device, of rubber with iron braces,' and whm filled. 
with air ia shaped like a mattress. It has a mjea window to permit iospeetion of the fire, Wl is 
.'ISitSiSiiM for quick areetioa in mine passages, pending building a persoasent fire wall. 

UPBalWnt apparatm it hag Bafttior ineloBiag a fire area quiokfaf, out ia aot wad ip P ,8. 
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r MbMi r^Ktt* orgjMdnrtloii and atsttaas. A mine msmuemeiit ifhoald iwA 
piiirchi^ i^nianittis; WhI hang & UP in a duat^, poorly ven^ated toom. OrgMdMd ori^ 
gnd euitably prepmed statioois are neceasary. A man without Vaining if a hindn^fft 
nbtghalp. Apparatuf muii be proi^rly aaaembled ^d charged. Kesoue crew upit 
iffte of 5 men. The number of unite ehouldf be proportioned to number c! ep^plbyef, 
prfferaUy a certain percentage of each ehift. ^t least 5% of employes ^uld bf 
traiaed (70,84). * ' 

Five Mta of apparatus are recommended for a etaUon, with a spare set for a aiiigle crew of 8 
Bwn. The station should be near the mine entrance, but not in line with a slope or drift, nor near 
enough to be destroyed in a fire or eaplosion. It afaouid comprise a cool, fire-proof, well-ventilatasl 
apparatus room; a repair room, with small tools; and a training gallery, which ehould be tight, to 
permit testing of apparatus in irrespirable goaea; ehowere or bathroom, a toUet, and a room for 
leoturea and first-aid training. 


Joint rescue etetions, of which there are several hundred in the U S, are best where 
mines to be served are near enough for any one to be reached in 30 min by auto or wagon. 
Advantage of a central station, aside from the larger stock of equipment, is tltat it ptfr^ts 
employment of a foreman living at or near the station and subject to instant call, who is 
responsible for upkeep of apparatus, and shall train and lead rescue crews. Ho should 
therefore be a high typo of man. Besides the stated apparatus, the station should con- 
*taia copies of the mine maps, prepared with reference to possibility of explosions or broi, 
and showing direction of ventilating currents, hose connections, etc. 


State and Federal rescue etstiona A few states, os W Va and Ill, have them, and conduct 
training work. U S Bur of Minea (1938) has 11 stations, 11 rescue Bit cars, with equipment for 
training and rescue; but recently appropriations have been too small to maintun most ol them. 

Auxiliaty equipment for joint rescue stations may include an auto reucub truce, equipped 
with 5 seta breathing apparatus, oxygen charging-pump driven by auto motor. 2 folding stretohere, 
2 large oxygen tanks, 0 safety lamps, and 10 permissible electric lights; also, masks and other ap^i- 
* ances; all on the truck ready for instant departure. If distances to farthest mines are considerable, an 
auto bus and additional supplies are desirable. For shaft mines, an emergency or collapsible cage, 
like that designed by Itioe, rendered important service in 3 disasters which had wrecked the regular 
cages. A hght hoisting cable should also be provided, Jong enough for the deepest shaft in the dis¬ 
trict, also a disk fan driven by an explosion-proof motor, taking current from a storage-battery loco¬ 
motive, may be useful. 

Refuge chembera in collieriee are rare in the U 8. Caecs of men bratticing themselvoe off after 
explosions, or when eecape was prevented by smoke from firea, indicate that chaipberi Cf aimple 
form are best; that is, marking oil a finished room, or unused entry in each division of a mine, erecting 
atoppings in breakthroughs, and providing doors in mouth of the working. Doom need not be 
strong, merely tight fitting. Prospect holes, if any, may be cased and refuge chambers placed 
under them, thus securing ventilation and communientwm. Men should be instructed to go to such 
chambers in emergencies; to accustom them to this, drinking water, first-aid, and other awDpUea, 
may be kept in the chamber, which might also serve as cset foreman’s office. Their location should 
be indicated by signs, and entrances whitewashed, for ready recognition. In esse of disaster, 
rescue parties would search the chambem successively. 

Barricades. At the Cherry mine fire, 111, 1900, 20 men saved their lives by erecting barrinadoe 
and were rescued after 7 days. In many other similar cases, including metal and coal mine fires 
and explosions, several hundred men have thus saved themselves (70). 


18. RESCUE AND RECOVERY WORK AFTER EXPLOSIONS 

Most collieries are exempt from explosions, but explosions are always unexpected; Uioir pea- 
albility should bo realised, and all means of prevention adopted. The foreman of a reaoue atation 
should know instantly what to do, in caae of explosion. 

First .steps after on explosion. Action must often lie immediate. Fan should not be 
reversed, -if there is pos^bility of escape of men through intake. If fan is seriously dom- 
agedk (a) repair it if possible; (h) borrow or buy a small fan, if it can be erected withht 
48 hr; (c) lower a steam jet into the upcast, or, if intake is a slope or drift, erect % 
wooden chimney say 18 ft high, close to entrance, box it in, with stehm jet in ltd base; 
(d) i|i extreme emergency, hang a fire-basket in upcast, or at mouth of slope' or ^nft 
Meet m chimney, with fire grate at base. Unless a mine is unusually gaseous the return air 
.at poouth will not be mSainmable. It can lie tested by a man on guard with'a safety 
> Tan^,' who can admit^rerii sir to dUuto return gases. 

’ Jnsene^eriE isgaxdzatton. State laws are not definite as to who shall be in ohargs in 
^.tlbnsSjpf dklleter. , Generally the etate mine inspector takes charge, as a mat^ <4 Siqiedi- 
eocir# jagg, . he has authority to stop underground work, if he sees .fife 

lA r^reasntative asausaes oontroL . .. » 
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OooMhmidt]' b«tli ^daa hav* dladaiawd rMpouibility. iritlt uafortUBAt* W 8«r fl( 

Blind* JuM ao lagal nytiioritjr, nail it* n««u* Mr and atatioa aua eaa b« mcaidad m volmtMt* Mfelya 
la anjr avnnt, aoim om raB«OM mon HAva opatrunra AOTaowtr, if tha work i* to ba dona ayatant* 
atiaaUy. An oAoiant maoiber of tba mine ataff ia uaually the brnt. If 4|u*atioii ia laiaad a* ti^ bwloKi^ 
hntbority, ha should confer with the state iiwpeator. Notices, sisnad by state and conpday officii^ 
ahottld then bo posted, namina the person ia authority, who ntay be entitled oBKaasa HAiuoaa of 
aaaeua woaa. Ha at once appoints ovabds, to prevent entrance into the mine of any eseept autlidr- 
iaad pnrcoiur, to keep back crowds from mine openings, and to guide and keep voluntaars from intM- 
faring with the work beftn** they have been aasigned plaeas. Guards are marked in soma way, as by 
a adored band pinned around the arm. Rope* are immediately strung about the mine entraneaa and 
wtwUng yard. The following ca»r assistamth are also appointed, each responsibla day and nii^t 
for hi* part of the work: 

^ (A) cChiaf of aurfsoe guards. 

(B) Man to engage volunteers and assign their duties. 

(C) Chief of rescue work, with 7 sub-assistants in charge: (a) of breathing apiMuratua and their 
crews; (b) of rescue men without apparatus; (e) of bratticing crews. (Usually, a, b, and e work 
under general direction of state inspectors); (d) of keeping safety lamps in order and giving them 
out; (e) of checking men in and out of mine. Each man entering should have a numbered metid tag, 
to l» tdven up when he comes out, and u checked oft. It metal tags are not available, use pasteboard 
or paper tag put into an upper pocket); of stretcher gangs, for removing the injured and dead; 
(f) of maridng location of every dead body, with description of how it lay (generaUy best dono by 
one of the mine surveyors). 

(f» Doctor in charge of temporary hospital at mine mouth, transport of patients to mam hos¬ 
pital, and main hospital itself, in absence of regular organisation. If there are enough physicians and 
surgeons, they are aasigned to underground bases. 

(R) Doctor in general charge of morgue; bodies are taken in charge by coroner. 

(F) Manager of supplies for rescue apparatus, brattice materials, timber and lumber. 

(0) Commissary manager, to keep mine village supplied with food, and rescue crews supplied 
with hot food and coffee at all hours of day and night. 

(H) Manager of temporary sleeping and living accommodations for the volunteers, such as 
tents, cots, and bedding near mine mouth and necessary sanitary arrangements, including water for 
bathing and drinking. The hard-worked and strained rescue and recovery men must have comfmt- 
able resting places, at least after the first day. Completely to explore mines after large disastm 
often requires 1 to 2 weeks or more. 

(/) Information man, charged with giving out non-sensational, but satisfactory accounts to the 
press, and to relatives and friends of entombed miners, thus preventing circulation of sensational 
stories. He should be familiar with mining, and firm but courteous. 

SvppUgg. In great diaaatera, food and brattice cloth must generally be ordered by 
telegraph'or ^telephone. A severe explosion may wreck hundreds of stoppings, which 
must be replaced quickly by temporary stoppings, each requiring 4 yd of brattice cloth, 
of a width a little more than aver height of scam up to 6 or 8 ft. Each stopping requires 
at least 3 props and 2 boards. 

Manager F (above^ must immediatdy estimate supplies on hand, and then order from neighbor¬ 
ing mines or supply houses what is needed. Undbborovnd tbi.bfhomb supplies ore abo necessary 
for communicating with underground bases. Ii on-clad box phones are best, but ordinary wall receiv- 
e» will do temporarily (Art 17, Communication apparatus). Say 100 to 200 suits of miner's overalls 
should be ordered; also supply of rubber boots, if mine is wet or flooded. 

Safety and electric lamps. Even a safety-lamp mme rarely has enough extra lamps 
(unissued to those entombed) to supply the rescue parties. These must be ordered by 
wire, with extra glasses, wicks, repair parts, cleaning tools, and gasolene-charging tank. 
Permissible portable electric miner’s cap lamps, with charging board, should be ordered if 
the mine has electric power for charging; also, electric flash lights, each with 12 extra 
dry-cell batteries end 2 extra bulbs, arc useful in searching for b^ies and for general uae. 

Digiafectanti. Chloride of lime, carbolic acid, and other dimnfectants should be 
obtained j if many mules have been killed large quantities will be needed, their bodiei 
being covered with disinfectant and brattice cloth. 

Fresh cloth gloves should be supplied on each shift to the men handling bodies, and these ahd the 
clothing of the dead should be burned. If bodies are badly decomposed, rubber gloves sboulii be 
used and disinfected at end of each shift. Outer clothing (A men handling bodies ehould be daily 
disinfected; if in bad condition, burned and replaced by new dothing. 

Uadergroimd reeetie work should bo begun as soon as the parties mw organised, but not 
sooner. Manager of rescue work should secure blue-print copies of the mine maps for the 
chief each crew and each state inspector. An engineer, if at hand, should prepwe iMt 
outline map of entries, slopes, gang-ways, and shafts, with outline scheme of former venti¬ 
lation. Persons must not be allowed to entw mine singly, but only in grou^ oi 5, udder 
competent mining men. If trained breathing^paratua orowa are at hand they ahoitid 
lead; atleaatoneof the party being acquainted witii the mine. ParUea wiidtout appnratug 
tlrnuld proceed cautiouely, testing for firedamp with gaiety lamps (76).‘ • 
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tt pfltafld* WMb iwity ahoiad li4v* CB 4 tknd CO datMton. ud tor qoiek iadicotion « 
dotorndiM proMaoo of OO; it tho ooiwry fatb <T«U« 7, Art S) the party ohoold nturn to tho poM 
whoro the air ww pood, fiaaeuo partieo ahoiild t<dlow the intake air. It may be nnninrj to wait 
until the laa or ^ oonaeotioae have been repaired, or until temporaiy boiotini ariancemento ani 
made at intake ahalt. dueh delays are unavoidable, to prevent foolish saerifioa of life due to eateeiat 
undiluted afterdamp. Somettmee natural ventilatioa will start by differenees in temp and elevatioa 
(See 14), and thus permit entranee without waiting for fan repairs Brattice erews should replaoe 
temporarily eaek suooeaaive etopiang, giving time after each has been sat up to clear the gases aheacL 
The RMT yA>TB or tana to na saABcaan abb mot those showimu most vioLaMca, bvt wsaBa Tsa 
axnosiOK BAB WBAXamD ob man awat, UHca im scca tlaces Taana bat na uva mbm. As the 
U 8 Bur of Mines has established rescue stations with trucks and there are private rescue stations in 
different places, trained crews with breathing apparatus will probably arrive within a few hours. 
These crews should proceed as follows: a crew goes ahead to next open croescut, if not over say 100 
ft; through this and back on the return for some distance, and back to temporary base, examining 
for smouitoing firhs, oxtinguishing them, and noting location of bodies. Then the open crosseut in 
front of base should te brattioed, and intake air forced ahead for advancing the base. On Iwa^eh and 
butt entries, rooms should be aueoessively examined by the crews, to determine when n/scemary to 
carry brattices into them. As soon es the bodies are removed from any pair of entries these should be 
brattioed off. With rare exceptions, BBBATRiNa-APpABATue CBaub bhoold mot BAMnuB bodxbs; 

TBBT BBOmUt BBSEBVB THXIB BTRENOTB AND TIME roit TBEtB BPBTlAt, Fl'MCTION OP BBABCBIMQ POB 

THB uvxMo, axTiMouiBHiMa PiBBH AND LOCATiNa DODiBA They sliould not work more than 2 hr at a 
time. Thus, let crew A be relieved by crew B for 2 hr, while A waits at base; tlien B rests while A 
again works 2 hr; A then goes out of the mine. As it may take say 0.5 hr to come and go to head* 
quarters ohtside, each crew, on finishing its second 2 hr and going outside, will have been on duty 
7 hr. Allowing 0.5 hr at beginning and end of shift for eating and A hr for sleep, the crew will be able 
to resume its round, being thus 14 hr out of 24 on duty, of which 8 hr will be under oxygen. Tb^ je 
about the maximum, and more rest should be allowed in recovering a large mine. On above basis, 
continuous advancing exploration would take a minimum of 4 crews of 5 men each, but 6 or even 8 
erews of apparatus men would be far better. Bodies are labeled by a number tag, and location and 
condition recorded in a notebook. On rib or roof close to the body its number is marked in a eirole. 
Knowledge ot the position and condition of the bodies is often vital in determining the origin of an 
explosion. 

lawegtigatioii of explosion. State inspc(^ton are required to make an insiioction and 
report, which is usually done after most of the bodies have been recovered, and ventilation 
restored. Inspectors often forbid other examinations until they have made their own. 

Operators generally make an independent inapeetion. Bur of Mines engineers also investigate 
the oause and mode of propagation of the explosion from point to point; their report it not ppblishad, 
but information is furnished to the manager with a view to remedying dangerous conditions. The 
Bureau publishee data on the various explosions in a distriet, but, to avoid leg^ respontibility, 
without naming the mines. 

19. RECOVERY WORK AFTER MINE FIRES 

Preliminary procedure (71) in reopening mines or mine areas which have been seided 
(Art 16,17). Before disturbing the seals it is well to obtain mine air samples from behind 
the fire stoppings, through pipes left in the stoppings, or by drilling holes through them or 
at one side, and inserting pipe with valve. 

In eoUistiss giving off CH 4 freely in the sealed area, its preeenoe is usually indicated by leakage 
through or around the stoppings, and men engaged in sampling, drilling or reopening must have 
no open lights. Also, the hole, if through concrete or brick, is dnlled sligbtiy downward, and kept 
fiUed with water, to avoid sparks struck at moment of finishing. 

. Absence of CO in fire-area atmosphere indicates that active firb » out; but it is not 
eonduave, for, if the point of sampling is far from a smouldering fire, the CO actually 
produced may be absorbed by moisture on the walls. Mine-air samples from a hole drilled 
to or^Over the seat of the fire give truer results. They must be taken when the movem^t is 
outward, as whmi barometer is falling, though if sampled through a drill hole the air can be 
pump^ out. If file movement is not outward, the sample will be defective, due to air 
leakage dirough or around stoppings. If the sample shows any CO, the fire is probably 
alive, and unless time is vital it is wise to defer reopening, meantime recoating all firewalls. 

Beepenfag a miae or fire area, after a email fire, espedalty if near the working face, rarely 
presents difficulty. But if the fire is nearer the entrancce, and, from its duration before sealing, 
was known to be extensive, especially if the whole mine was sealed, the proUem is more serioas, 
above ill in g gaseous coUii^, but also in any mine in which there is extensive timbering er rich 
stditiiidg ores. In thia ease, it is almost certain there are hot coals buried under ashes and roof 
fails,^and if frssh air is admitted it is likely to revive the fire. 

ts6p»iilii*i: g gaaeotts mine, in which there is smoulderiiig fire, is ahrs^ dangerous, 
dUhasylf air U akdmitfipd, it may make an egplosive mixture with CR« and di s ti l led hydrea 
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'f»irl?piui. Men «i4i> bow and irmrlng oxysen cff siooke helmobi draald iGnit ^mtor hlk^t^ 
■toppings to extinguish the fire. Build airJtochs of fioodag material, ititlt 2 and 
fpaoe between, in front of the fite wall which se^ the drift entruice, or over. shakCtt if-top 
of diaft is sealed off. Then have eesl broken jby men iKaing breathing snpara^ 17), 
If seal is of concrete, certain preliminaries are necessary before erecting the airlocks, to I3iat' 
heavy worh'will not have to be done by men in apparatua 

This preliininBry work consists in cutting a groove sround the seal with diieela (preferably' 
pneutoiatic efaisels), as nearly through the concrete as possible without bringing it down, having 
tarpaulin ready'to throw over in case a bole ia knocked through. Bomatinea. at drift or'.al 0 pe 
entrances, it may be best to tunnel around tbe stopping, but the airlock is biuit before breaking 
, throa|d>- Becmue of the difficulty of reopening, temporary firewalls are best made of bride I4id in 
lime fnortsr, and coated with cement. 

Blss^ni down firewalls in the presence of firedamp must be done with care; only quiek-seting 
permisaible explosives should be used, tamped with fine rock dust or dry cement. This will make 
an insrt dust cloud that will prevent ignition of CH 4 or cool dust. A battering ram, of a heavy 
timber suspended by wires or ropes from temporary framing, is efficient for knocking down brick 
walls. In shafts, provision is necessary for lowering and hoisting men and euppliee through the 
airioek. If regular eagea can not be used, buckets, or an emergency cage (Art 17} u required. 
After building an airlock a trained rescue crew wearing apparatus begins investigation. 

In crifleal caws a relief crew in apparatus should be in waiting. If water cbUecta on 
the shaft bottom to a depth preventing exploration, it may be best to fill the shaft with ' 
cinders or gravel to a point above the roof level of the entries, to permit taking off tbe draft 
toal and ventilatiirg to bottom. Then pump out the water. Finally, construct an airlock 
At bottom, and explore the mine with aid of oxy^n apparatus. The investigation should 
extend as far as it ia safe to travel, but not exceeding 45 min (1.5 hr round trip) from base, 
so that if all goes well there would be on returning 0.5-hr oxygen and soda supply available. 
This provides little enough margin if difficulties are met, and 1 hr round trip from base is a 
safer limit. Thus, if mine passages are clear and not hot, a distance of 1 mile from base 
can be traversed; but under adverse conditions, as extensive roof falls or accumulation of> 
water, it is unsafe to advance more than 1 200 ft from base. If seat of fire is beyond these 
limits, the party should merely take samples of the air, and study where new stoppings oan 
be erected nearer the fire zone (71). 

* * ' , a 

After conditions within the sealed-off area have been determined by one or more tripe bf the 
apparatus crews, the problem is: (a) whether stoppings are to be remov^ and venation restored; 
(b) if fire is too ffistsnt or extensive to be inspected with breathing apparatus, to make new stoppings 
' nearer to fire sons, to pm-mit part of tbe mine to be recovered for operation, and carry ventilatioi|i 
to tbe new stoppings, which will serve as a base for further inspection. 

Advance fire atoppinge, put in by apparatus crews, are usually of brattice cloth and 
boarcb muled to props. These are generidly sufficient to prevent serious escape of extiQO- 
tive gases, while more substantial stoppings are being erected in their rear. Pneumatio 
■topfunga (Art 17) are suitaUe for temporary use, when the passageway ia of uniform 
aeoUon. 

Seatoiiag ventilation in a fire area where there may be a smouldering fire or hot buried 
coals is dangerous in a gaseous colliery. Mine-air samples should be taken and analysed > 
to determine that the atmosphere on being diluted will not be explosive. If ii is likely 
to be explosive at one stage of dilution it is safer to withdraw all men from the mine as 
abon aa the stoppings have been opened, which, under serious conditions should be opened 
automatically, or by blasting by electric circuit from surface. Men should be kept, out 
until, by making fiequent analyses of the return air, danger ia judged to be over, When 
men ean enter, inspection of the fire area is made by a party carrying a canary. If ti>e 
fire ia fOuAd to be reviving, water lines are brought in quickly, and placed on the fire. 
Fidl» rock, under which there may be coals hot enough to flame in presence freah ail', 
sbomd be drenched before removal. 

20. FIRST AH) TO THE INJURED. MINE HOSPITALS . 

*'nrst tii/* is the giving of immediate aaaistanoe to an injured person with tbe means at band, t 
that snayprevent injury from becoming pwmanent, may save hU life, tend to prevent dangarona 
isleCtktn of aa open wound, and to leaaen pain. It ia eapeoiaUy important in. mining, neoe.aaava^y 
injnred man at a distant point a large mine may not be immediately found, and by tbs tia>$ ms '' 
.empty dar can be secured, bauled to the abaft and hoisted, an hour or more may tiapse, and paibato 
hour before a surgeon can be brought to tbe mine receiving room or the niinar'e home.., . 

Utd whs first taught to miners in tbe Penn anthracite dialrict. aqd afterward extended to toany 
mining districts'by die Biw of Mines and Red Cross 80 c. It faae be«i a mnrkMetttosedFititteh,. 
■ufiMng has bwn prevented, mid msay livee saved. It hen taught miqen the Importhirail^ - 



FIBBT AID TO TH£ INJUBED. MINE HOSPITALS 22M3 

bygUm !b th«ir daOy lirab, diadplitwd by the nmenity of. toain work, «ad by i&tor»«iiiw, 
•tato, and aatioaal dMt>aid aoateatit baa givea iaoantiva for young nUnam to advaaoa ‘ 

Fint-ald direcdom for injartaB are given in Bur of Mines circular S and *^Manual of 
lint-aid Instruction.” 1935 (82. 83). 


nnt-aid otgaaiation should be formed at every mine, to train men and for social betteriaent 
and improved living conditions. Officers of the organisation should include a medioal director. 
For practice, membership should be divided into teams of 6 men: 1 captain, 1 patient bearer, and 
4 stoetcher beams. Joseph A Holmes Safety Assn hae now (1938) 472 Safety Chapters in 28 atatea, 
which cooperate with the Bur of Mince in promoting first-aid and rescue training in all b**% *^"b fs of 
the mineral industry. 

Egn^ment needed for practice. Each squad should have: 12 triangular bandages; 
12 medium-size sidety pins; 6 packages gauze (plain or picric); 6 first-aid outfits; 6 light 
wood or yucca splints, 3.5 in wide by 18 in long; 12 roller bandages, assorted sizes; 2 tour¬ 
niquets; 2 rolls cotton, plain or absorbent; 2 blankets (U S army preferable); 1 stretcher 
(U S army regulation); 6 wooden splints for legs and back fractures; 1 or 2 sets of first- 
aid charts. 


Organizing teams (76). Men working in same part of mine, and on same shift, should be 
grouped. Each team should have a first-aid cabinet at a convenient point in their part of the mine, 
and each member always carry at least one first-aid packet, containing a triangular bandage and 
sterile compress. 

In oaae someone haa been hurt, a firat-aid man should haaten to the scene, and quickly and 
carefully examine the victim. If the injury is aerious, other members of the team should be col¬ 
lected, and the mine phyaieian notified (by phone, when the mine is equipped with phonu) so he 
may know the nature of the injury. For gathering the team, each member might have a police¬ 
man's whistle, a code of whiatlea being prearranged to signal the locality of an injured penon. If 
there ia a Sow of blood, it should be stopped by pressure on the right spot. Place patient in as 
oomfortable position as possible, keep him warm, and cheer him up. 

XTecesaity of antiseptic conditions. Bacteria or germe are minute vegetable celle, found in air, 
waterr the ground, clothing, and on and in the body. The mouth and sputum are filled with germs, 
some harmless, some more or lees harmful, besides those which produce speeifio diseaBee. For propa¬ 
gation, each requiree a certain food, temperature, and environment. Having found a suitable breed¬ 
ing place, which may be in the human body, they multiply rapidly and give oil poisonous euhetanoee 
(voxim). These may simply be irritants, or may destroy tissue. Under some conditione harmful 
bacteria may produce blood-poisoning. Bacteria gain entrance to the body through wounds, or the 
digestive system; first-aid deals with the former source of infection. 

Sspaia arises from entrance of harmful bacteria into a wound, causing inflammation; poisonous 
■ubstanees are produced, destroying tiasue, forming pue and preventing healing. To avoid sepeia, 
prevent germs from entering a wound by keeping unclean things from contact with it. Destroy 
6r prevent growth of germs that may have entered at the time of injury. 

Antisepsis is the treatment of wounds by ntBiNrxcTXOM. Disinfectant, or germicide, kille bao- 
teria, and their spores or eggs. Deetruotion of disease germs in clothing and excreta is called 
STSmUZATlOlI. 

Henorrhags. Lose of one-third of the blood in the body usually causes death. Compreaaion 
and position are methods of first-aid treatment. Compression is applied by fingers, compreeees, 
tourniquets, or constricting bands (handkerchief, belt strap, suspenders, or other means). In 
ABiSBiAi, nxMOBBBAan, the most dangerous, blood gushes in a bright red stream. Freuure must be' 
applied between the wound and heart. In cafillaby uxifoniuiAan, bright red blood ooses slowly; 
easily controlled by applying a clean compress of gause. In vxhoub hbmobkhaok the blood is dark 
red or blue, and diecharges steadily. The eompreesion should be on the side of wound away from the 
heart. Usually, bleeding can be controlled by applying a oomprees of sterile gauss directly over the 
placw. Elevating the bleeding part aide in controlling Bow of blood. After stopping bleeding, thn 
patient ebould be treated lor shook. 

Sh ock is a sudden depression of vital powers, arising from injury or profound emotion, blueing 
exhaustion. Symptons are sub-normal temp; irregular, weak, rapid pulse; eold, pale, profucely- 
perspiring skin; irregular breathing; patient usually ooneoioue, but stupid and indiffetent, bring 
With partly-closed eyelids. Be sure there is no concealed hemorrhage, needing immediate attmition. 
TbxatmxMt: Lower patient’s head, wrap him in blankets, or whatsvw clothing ia avafis^ If 
pQBsifato sive ui ordiiwtry Btimulant like black ooffect to be sipped hot! Wt haJf*teaspooiifiil'<ioeee of 
afomatio spirits of ammonia every 20 or 30 min. Inhalation of oiqrgen is often weful; artiflelal 

cases. Hot applications over heart and spine should r“ 
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and numbness. foUowed bjr aching pain. Dieeoloration oecure quickly in eurfara contusions. 

KXmt; 4evate injured part, bandage tightly to arrest bleeding and control awellmg; apply teelMC « 

os: raciaxn wounds, made by a sharp instrument; coM^»m, bjr • Uwtl. 
oM, lUm a faO qf rock; fcAtmiUTXD, by tearing or dragging, a* by rnwhinery. Symptoui: 

. ^ _1a—' r««A<|i|iB]CT: lUxpove dothing from wound ni onee; omel 

lee* 

may be infected woiffiinc uncleSn sttbstanees into it 
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l^ractorw sra tbe moot ioiportuii injvriw for treatoant in min«i by^nt-aid, baeause iha viatim 
ia temporarily oripplod, and if na^aeted or ignorantly bancUed there ttay be pwmanent orippffing. 
Kinds of fraetura: ihcompubtx, bona not antinly brbkan; cohpliiti!, bona is broken; ^ anipus, 
broken bone does not protnuto through the ileah; in compoomd pitACTnBB, one brokdn end pro¬ 
trudes, or has cut or torn the flesh down to the bone.. Compound fracture is nearly alauya accom¬ 
panied by loss of blood and severe shock. Symptoms of fracture: pain, swelling, dwcoloration, 
abnormal motion of bone, loss of power, and grating together of bone ends. Tbbatmbmt: Examine 
witirgentleness; handle limb as little as possible; draw it into natural position and fix by splints. Jf 
nature of injury is in doubt, await the doctor; a sufferer from broken limb should never be moved 
until the part ia properly supported by splints. 

Disloeatioa is displacement of surfaces of a joint. In simple dislocation, articular ends are 
separated without injury to surrounding tissue; in compound dislocation, the ligaments around joint 
are torn. Ir complicated dislocations, muscles, vessels, and nerves are injured. .Symptoms; Pain, 
swelling, discolorstion, rigidity, natural position of limb is changed and length altered. TBaATaiKWr; 
Restore bone to fiormai position .and hold it in place. First-aid men should never try to reduce dis- 
loeationa, except those of jaw and fingers; some surgical skill is generally needed. 

Sprain is twisting or wenching of a joint, producing a tearing of ligaments and sometimes of 
surrounding soft parts. It is followed by severe pains, and marked swelling and disooloration. 
Tusatmunt: I.iet injured person rest. Elevate injured part and fix it in place by splints, or wrapping 
joint tightly with a roller bandage or adhesive plaster. Give hot or cold applications by placing 
Jnjured part in hot or cold water, or by towels wrung out of hot water or ice water. 

Strain, is wrenching or tearing of a muscle or tendon; usually caused by violent exertion, or 
sudden movement. It causes sharp pain. Treatment: Let injured person rest; bandage injured 
part tightly, or apply adhesive plaster; eplinting sometimes necessary. 

Bums and scalds. Fibst degree burn is simply a scorching or reddening of outer skin; excoNP 
ngOREi deetroys entire thickness of skin; third dbqbee destroys skin and tissue beneath, Shook 
caused by severe burns. Treatment; Carefully remove clothing from burned surface, from which ' 
exelude air at once with oleau covering. Best covering is picric-acid gause (sterile gause, saturated 
with 1% solution of picric acid, or 0.5 teaspoonful to 1 pt water). Moisten the gause with clean water 
and apply it to burned surface. Place absorbent cotton over the gause, and apply bandage to hold 
it in i^oe. Vaseline, sweet oil, olive oil, and balsam oil are all good dressings. If nothing better ia at 
hand, dissefive bicarbonate of sodo in sterilised water. Gause dipped in this and spread over the 
bum gives relief. Carron oil (a mixture of equal parte of lime water and linseed oil) has been used, 
but ia not recommended. 

Usctric ebock. Electrical contact with a live wore causes dangerous shocks, burns, and some¬ 
times death. Symptoms; sudden loss of consciousness; absence of, or very light, respiration; weak 
pulee, and burns at points of contact. If victim is in contact with wire, do not touch him without 
first short-cirouiting the current. Do not search for a switch, as time is too important, but lean a drill 
or iron bar from one rail to tbe trolley line, preferably at a point between victim and power station. 
If no bar is at hand, stand on a dry board or piece of paper, and pull him off with a gloved hand; or 
having no glove, use cap or other article of clothing, so as not to receive a shock. Or, drag victim 
from the wire with a rope, belt, or bandana, looped over his feet. Treatment; As soon as patient 
has been freed, begin artificial respiration (see below). 

SttSoMtion or eaphyxlation may be caused by an object blocking the windpipe, by drowning, 

^ or by inhalation of gas and air mixtures, which fill the lungs without supplying sufficient oxygen; or 
by inhalation of poisonous gas, like CO (Art 5), causing unoonseiousness, and possibly suspension of 
breathing by poisoning rather than absence of oxygen. Treatment: Quickly remove patient to 
gocxl air; apply artificial respiration, and if be hae been in poisonous gas give him oxygen treatment- 

Artiflctel regpiration. " There are 2 principd methods, the Schaefer, or prone, and the 
Sylvester, in which the patient ia placed on his back. The Schaefer is generally approved 
by physioiana. 

IRrectiona for its uae (82). Quickly feel with finger in patient’s mouth and throat, to remove 
any foreign body (tobacco, false teeth, etc); then begin artificial respiration. Do not atop to 
loosen patient’s dothing; every moment’s delay is serious. Lay the subject on his belly, with arms 
extend^ straight forwa^, with face to one side eo that nose and mouth are free for breathing 
(Fig 10). Let an aesiatant draw forward subject’s tongue. Avoid so laying subject dowti that 
any injured places are pressed upon. Do not permit bystanders to crowd about and shut off f|resh 
air. Kneel, straddling the subject’s thighs, and facing his head; rest the palms of your hands on 
^otbn’s loins (or muscles of email of back), with thumbs nearly touching each other and with 
fingers epread over the lowest ribs (Fig 10a). With arms straight, swing forward slowly so th*t 
that the wdght of your body is gradually brought to bear on the subject (Fig 10b). Thie operation 
should take 2 or 8 tec, and must not be violent, lest internal organs be injured. Lower parhof 
cheat, and also the abdomen, are thus compressed, and air is forced out of the lungs. Then swing 
backward, to remove pressure, but leave your hands in place, returning to first poeition. By .theic 
itiastieity, the chest waUs expand and the lungs are supplied with freab air. After 2 see, swing for¬ 
ward agi^, and repeat the 2 movements 12 to IS timee a min, making a eomplete respiration tn 
4 or 5 see. Having no watch or clock, follow natural rate of your own breatiiin^ awingiof lenttoA 
s«ith eaeh exidrition and backward with each inspiration. '. 

While tl^ is being done, an assistant should loosen any tight dothing about the patiant'f 
tmek, diest, or waist. Continue treatment, if necessary, 3 hr or longer, without interrupti^, uhtil 
bb«vM bneathing is restored, or until a physician arriyee. After natm^ breathing begiiis see 
it omitinues; if it stopa, resume artificial rMpiration. During the opeiutipn kievif dibj^'Varm ^ 
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proper eovaing, end bp lejrinf beeide bk body bottlee or rubber baci of warm (not hot) water. 

‘ Keeping eubieot werin abould be done by ea eenetent. Do not give any liQuida wbatevw by mouth 
nntSl subieet ia fully oonacioua. 

It ta eo n a i dared unneceaaary to give oxygen ia addition to manual treatment ualeaa patient bad 
been “gaaaed." Meohanically'^oroed reapiration ia not approved, beoauae of poanble injury to 
lung oella, and when oxygen ia adviaable it ehould. be by hand manipulation, keeping time with 
normal reapiration. Inhalation apparatua can be uUliaed in uniaon with the manual treatment, 
aa by ttie Schaefer method, a meek being foatened over the 
noee and mouth, and the appantua (Art 17) operated by an 
aaaiatant. 

• Bandagea are to keep dreaainga in place, retain splints on 
broken limba, atop bleeding by pressure, and as slings. Kinds; 
triangular, roller, and special bandage of U S army. Tai- 
AKOOLAli BAXTDAas is Useful in first'aid work; easy to make 
and apply. It should be of unbleached cotton, linen or 
mualin; cheese cloth ia too soft and difficult to fold properly; 
bed sheeting or pillow cases are good. The cloth sho^dd be 
34 to 40 in sq, and by cutting diagonally 2 bandages are 
made. Use aafety pina and knots for fastening. Rolldi. 

BANOAoa ia of mualin, flannel, gause, or cheese cloth, wound 
on itself to form a tight roll; requires practice to apply 
properly. 

Tourniquet, to stop profuse bleeding from arteries or veins, 
consists of a strap around the limb, and a pad under the 
Strap, to press on artery or vein. Many first-aid eabineta con¬ 
tain U S army regulation tourniquet: a strap of webbing, 
with buckle and catch. An improvised tourniquet may be 
nude of a handkerchief, towel, triangular bandage, pair of 
suspenders, or belt strap. Tie around the limb, with a pad over artery or vein, pass a stick through 
the loop, and twist until blood barely ooses, or is stopped. 

Transportation of the injured. In a mine it ia often impossible to bring an empty car 
near the point whero the victim lies; he must sometimeB be carried long distances. If 
done in a clumsy manner, much of the benefit of first-aid may be undone. Carry serious 
cases on a stretcher, sometimes improvised, by using mining drills passed through the 
sleeves of 3 or 4 coats, the coats being buttoned. These are established first-aid methods 
of carrying a patient by 1, 2,3, or 4 men, with and without stretchers. 

Ambulance car should be maintained by large mines. It saves much sufFwing if 
arranged with springs and suspension supports for a stretcher. 

Underground hospital. In extensive mines, the oar containing the injured man may 
be delayed at bottom of a cold downcast shaft. On this account, and to maintain medical 
and first-aid supplies, some mines have underground hospitals where injured persona can 
receive supplemental treatment. They should be well-lighted, painted white, and kept 
clean; have an operating table for first-aid treatment, first-aid equipment, drinking and 
washing water, etc. 

Surface hospital near the mine entrance is advisable, as most mines are distant from a 
town hospital, and a patient might have to wait in heat, or cold, or a dusty building, 
for' ambulance. A sm^l well-lighted room is sufficient, painted white, with smooth floor, 
and equipped with flrst-aid supplies, cot, table, water supply, and disinfectants. Surfhee 
and underground hospitals may be inexpensive, but should be absolutely clean. 



Fig 10. Schaefer Method of Arti¬ 
ficial lleepiration 


MINE SAFETY 

21. SAFETY ORGANIZATION FOR MINING COMPANIES 

Safety organixation is essential to sound business policy, and rests on humanitarian 
(pounds. 

Compensation acts of many states have greatly increased ooet of settUng death and injury claims; 
ia some states this cost, in percentage of payroll, is 2 to 4 times that which prevailed up to 1010 
(Art 24). But compensation now goes more fully to injured persons or needy heirs, and is not as 
forauri^ so largely eonsumed ia litigation. Mining companies ehould care for widows, orphans, 
and injured, resulting from seoidants, instead of depending on public charity. Tbs industry also 
ia benefited by safety improvemeute, ainoe the cost of accidents must ultimately be added to seitiag 
pries q( product. Sm Sec 23, Art 8. 

AypidnUe (uddmits in U S mines form 60 to 76% of the total. They can be l o sa en ed 
hy 'fosMetion. adueatioa, diwiipl^, safety appiianoes, and prop^ oyganiaatiodT. Bett 
Idnd ca or(aniaati<m ia pantUsl to. but indepoident of. the operatiim departnent. 
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An energetio manager, in the effort to economise in mining, transport, and loading ore or othw 
product, may overlook questions of safety, and for economy or speed continue to use machinery 
that should be scrapped. On the other hand, an overcareful, timid manager, constantly fearing 
accident, becomes inefficient. But, if the organisation includes a competent inspector, reeponsible 
to a higher authority than the operating manager, and reports a certain tu'actice unsafe or recom¬ 
mends a change, the manager is relieved that he is not responsible for the cost incurred. 


'22. MINE SUPERVISION AND INSPECTION 

Supervition. Mine accidents are often due to isolation of the miners, one or two in a 
working place, rendering supervision difficult. While there is usually a foreman, with 
shift-, timber-, and other special bosses, many miners may be scattered in remote workings, 
with only a single shift-boss to supervise a large area; especially true under the con¬ 
tract system. As the shift-boss may not be able to visit each working every day, proper 
timbering and other safety precautions are apt to be neglected. There should be enou^ 
assistant foremen or shift-bosaes to inspect every working at least twice a day; 4 times a 
day is the practice in the Yorkshire longwall mines. The best practice is to have one boss 
to 20 to 25 miners. 

Face-boss. Where many underground workers can not speak English, it is important to have 
a "face-boss,*’ who is a good miner and able to speak several languages, to direct foreigners as to 
Uieir duties; or, if^a written order has been given by the foreman, to translate and explain it. Ac<^ 
dents often happen because the foreman, in giving instructions to foreigners, has supposed they 
undentood when they said "yes, yes,” while knowing no English. 

Zaspoetion by general company officers every 2 or 3 months, by general supts 2 or 3 
times a mouth, and by mine supt and foreman each day, is vitally important. Theremust 
also be detailed inspection by special inspectors. In collieries, especially when gaseous, a 
vma-BOBB must, under some state laws, visit all workings and abandoned places which 
are not walled off, within 2 hours before entrance of day shift, to test for gas or firedamp, 
fence oS places making gas. and mark dangerous places in the roof for setting timber. 
returning to the mine entrance, and before the men are allowed to enter, he shall po^ 
mformation oonoeming dangerous or gasqr places, and enter notes regarding the in|q;>eo- 
tion in a book kept for the purpose. Large mines may require sevegal fira4x>Bsea. 

Private atiae iaspeeton, as dutinguished from state inspectors, are employed by large oempaoise 
to report on obeerved eonditioas to a hiid>er official of the company, in some oases to the Qmierfd 
MaoNiar, in others to the President. This system hsa resulted in improvement in safety aiw 
hygienic Miiditions; also, through information secured from the nuners, it oorreets uiustifle te 
individuals, and produces bstter relations betwegn company and esqdoyee. ” 

Chldltlti^ men in gad rat of mlirag. At Inrga mines, espedoUy ooDio^s, tbMie ihoidil 
be g oomplgte mord <d evwty one undesvrrand at gay tune, ! 



STATE AXrmOB^, BEGTHiATlONS AND INSPECTION 23*-67 

The fliaplctt mo4e «f 'dotac thia k to auibbar vftty vaploya, Inepint bk Baaw ud piaoe et 
workiaseithniatiiapay^^lMlgarDrittaapecialbookinanofiMiiMur Uw oiint catnuiM. Bafoi* 
mtariag the mine, e«eh mwa JBuet luiaa bjr ibe office ivi&dow (the eheft or mim entry beiec feaeed 
ia). Mid receive ■ metal cheek hearing hk number, preferably arranged wito a aafety-pin, for faatan* 
lag to hk clothing, or with a email chain pamed through a button hole. Before diatribution, aa 
each shift goes on duty, the ehecka hahg on naik on a frame, with a number over each nail. As the 
number of employee ohan^, unused numbers are covered by hanging pieces of cardboard over 
them, the dbrrespondlng checks being kept in a drawer or box. As eadb man comes to the surface 
and passes by the checking office, he leaves hk check, which k hung on the board. Examination 
of the board at any time shows how many men are underground, and a review of the book, ia wbi^ 
eaah man's working place k recorded, indicates where the men are; an important matter ia case 
of Are or e^dosion. 

Ingpeetion of men end equipment entering t gaaeous collier; should be regularly made 
by a responsible man at the mine opening. He examines lamps, tests safety lamps, and 
examines clothing of an occasional man and all new employes to see that no one carries 
znatohes, smoking tobacco, or pipes. It is possible to li^t tobacco by heating a wire 
inserted through safety lamp gause, or by producing an electric spark through manipulation 
of an electric lamp or battery; hence possession of smoking material indicates dangerous 
practices. 


23. SAFETY MEETINGS AND PUBLICATIONS 

Safety maetinfs, as an aid to increased care in preventing mine aceidenta, educate minen and 
foremen alike, and foater harmonious retations between employer and employe. State and national 
eonteato attract attention of miners to the movement and Ita importance to themselvea. SArarr 
rcBUCATioNs, iaaued by mining companies from time to time, do great good, because employea who 
can read English learn how a certain accident occurred, and how it might have been prevented. 

Joseidi A. Holmes Safety Aasn (see Art 20). 

Banger signs and direction signs are useful in preventing aceidenta, and by adopting uniform 
aymbok, especially the red boll for danger, and the arrow pointing the direction in which to go. 
non-English speaking miners can understand what to avoid and where to go safely. 

Bonus for workmen, as a reward for safety records and auggestions, haa dktinct value. A large 
coal Co in W Va, with a very low accident rate, gives a aubatantiai sum monthly to foremen in ita 
half doaen mines. As the mines are aectionalis^, the reaults indicate how large a factor leadership 
and characteriatica of different foremen ia in attaining max safety possible under the natural haaards 
in mining. Other companies have similar practice. 


24. MINE-ACCIDENT LIABILITY INSURANCE 

Workmen's compensation acts. Until mining states began the enactment of theso 
Acta, the cost of death and injury caseu was generally small as compared with payroll cost; 
widows, orphans, and injured were generously treated by some companies (Sec 22). 

To about 1910, coal-mine accident insurance ranged in different states from 11.50 to 18.00, 
and limited insurance was given by one coopwative company in a central state on preferred rates 
St 76^ per 8100 of payroll; in the same state rates now range from 83.50 to 85 per 8100, and srw 
quoted at 87 on coal mines in a western state that has had many disasters. Metsl-mine compensa¬ 
tion costs have been similarly increased by compensation acts of the respective states. 

Imrargace for meeting liability arising from mine accidents has been of questionable 
value to operators when flat rates were given in each state by standard insurance com¬ 
panies, regardless of whether safety precautions were observed or not (Sec 22). 

Rating of coal-mine hazards to determine premiums has been adopted by some accident insur¬ 
ance companies. They have used a system of credits or dkeounts for rating organisation and for 
different accident-prevention methods and devices, and employ mine inspecton who not only 
inspect but give advice. Some states, notably Penna, have seeident-lisbiUty insurance dep’ts, 
employing inspectors for rating mines, based on apeeifie valuation of each hassrd. They use 
essentially the plan of certain private Ins Cos, of marking demerits for deficiencies and swurding 
bonuses for meritorious precautions in each item of hassrd rating (88). Plaoing a money vsltM on 
safety preesudone k important in introducing proper meaeuree and lowering accident rates, 

28i STATE AUTHORITY, REGULATIONS AND INSPECTION 

Jwigdictioii. Endb state has police power ovm- the minee within its borders and makes 
its owp regulations, which unfortunately differ widely, instead of being uniform for tho 
same class of mines qnd mining conditions. Best mode of formulation and adminis^tioa 
Iniitii)^ lejpdatlona in each rtate is probably through a iiennaiumt non-partisan i^us- 
trial coonSfflMiQn, to which ingpeotion bureaus and the workmen’s liability accident insur- 
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»a«e buiMU report. Befcwe altering a mining code, public bearings are b^, to wbioh 
interested parties are invited as in N Y, l^nna, Wis, Calif, I7tab and othbr states. 

Cbii-inine regulaflons have long been on the statute books in the leading coal muung 
states; one of the best codes is that of the Penna bituminous district. 

Operstiag regvlsttoas for coal mliiiiig on flio public domain (Bur of Mines, 1920), are the most 
eomprehenaive of any eoal mining codes, in defining mining methods for safety and coal coaserration. 

Respecting mine-fire prevention, the Ulinoia reguIaUons are the most explicit and strinaent, 
though some features are impracticable if taken literally. 

State metal-mining regolatlong are neither complete nor satisfactory; among the most 
complete codes are those of Calif, N Y and Utah. A committee of metal-mining men 
has alsr> formulated a code which has been published as a model by the Bur of Mines (85). 

State colliery Inspection. Practically every coal-mining state, 25 in number, has a 
mine inspection bureau. In some states, as Penna and W Va, the head is called Chief of the 
Department of Mines; in Ohio, the Safety Commissioner of the Industrial Conunission is 
in general charge; in most states, the head of inspection is oaUed Chief Inspector of Mines; 
in others, simply Mine Inspector. 

In the important coal-producing states, as Penna, W Ya, and Ill, there are many mine inapecton, 
each having a specified district, roughly proportioned according to tonnage produced. There is 
no definite unit, but, in states with large production, there is an inspector for every 2 million to 
8 million tons, produced in say 10 to 60 HR shipping mines and many wagon coal banks. Good 
service requires thorough inspection of every mine in a district 4 times a year; which means, even 
if mines are close together, that not over 30 large mines can be thoroughly inspected by 1 man. 
The inspection unit in point of production should not be more than 4 million tons per annum, and, 
with widely scattered small minee, not over half this. Quality of inspection varies widely. Most 
important coal-mining states require candidates for inspectorship to take an examination, the 
inspectore being chosen by the governor from those that pass. 

State metel-mlne inspection. Latterly, increased attention has been given to this aervice by 
many western atatee, and several have passed regulations for safety; but as yet most state regulations 
for metal mining are lax as compared with those for coal mining. 

County mino inspectore. In some states, the counties have appointed inapecton who may or 
may not cooperate with state inapecton. Generally, county inapecton have little authority, and 
are regarded as filling purely political jobs. Occasionally, a strong, energetic inspector has been 
able to introduce reforms by force of penonality. 


26. FEDERAL SAFETY INVESTIGATIONS AND PUBUCATIONS 

Origin and scope. In 1908, Congress appropriated funds for investigating mine accidents 
and explosions, and placed the work under the Technologic Branch of U S Geol Surv. In 1910, 
Congress establisfaed the Bur of Mines, transferring to it mine accident and fuel investigations. In 
1913, the powere of the Bureau were widened by establishing “in the Department of the Interior a 
Bureau of Mining, Metallurgy, and Mineral Technology ... to conduct inquiries . . . concerning 
mining, and the preparation, treatment, and utilisation of mineral eubstanoee, with a view to 
improving health conditions, safety, efficiency, and economic development. . . 

July 1,1925, the Bureau was transferred to IT S Dept of Commerce; leasing supervision remained 
under the T1 S Geol Surv, but the Mineral Statistics division was transferred to Bur of Mines. 
In Apt, 1934, the Bureau was returned to Dept of the Interior. 

Reetriettons. Bureau representatives have no right of entrance into mines, except as permission 
ie voluntarily given by mine operators. The Bureau's reports on individual mine accidents are 
not published, as these might conflict with state inspector's reports, and lead to legal difficulriea, 
but information is given to the mine operator, with recommendations, so that similar aocidante 
may be avoided in future. 

Reacna and flrat-aid equipment. To educate and train miners in first-aid and the use of oxygen¬ 
breathing apparatus, there are 11 fully-equipped safety or rescue cars (reconditioned Pullmans,, 
with berths for crews and injured). Crewe; foreman miner, firet-aid miner, and cook, and, for a . 
fully manned car, a mining engineer, mine physician, and clerk. Recent appropriations permit 
but few can to remidn in commission. 

These cam circulate through different mining distriote, giving instruction, and in ease of a dkaater 
the nearqst ear or cars are rushed to the scene. Besides the R R care, 11 stations are equipped for,, 
giving training, at Pittsburgh, Birmingham, McAlister, and elsewhere, the foreman and field mining 
engineers going immediately to any disaster to assist and investigate the cause. 

Testbic appliances and conditions for safefy in mines. The Bureau condaote, diieffy at the 
Pittsburgh Experiment Station, testing of explosives, electric appliances, safety lamps, hovatbing 
apparatus, me^anical safety appliances, and at the Bruceton Experimental Mine (12 milee fitbin . 
Pittsburgh), tests on gas and coal-dust explosions, strength of mine pillars and timbers. 

Fed«^ inspNtfam of ndnes is conducted only in Almka, on the segregated^ fauhmi lands in 
OldiAoma, when the Depiwtment of the Interior acta as agent for the lesaeee (Indian uaUone), and . 
in a few minee pn government lands and In the NmtioaBl Parks la western atatee. This ismweiioni^' 
formeriy under the Bw of Mines, hae bean done sinde 1925 by the fJ 8 Geol Surv. 
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' Pubticalloiis of tba O S BarMU of Minos <m mine safetsr mad healtii cxanprise; 
(a) BvLumNS of definite data on general subjects, of permanwt reference value, also 
annual aecidmt statistios; (6) T'sobmioa.l Papbbs on specific subjects, of more or less 
continuing value; (to) Rbfobtb of Invxstiqations (mimeograplved) on sjwcial subjects 
and tests, not always final; (d) Infobmation CiBctTLABs (muneographed) of data from 
general observation or foreign literature, not from Bureau investigations; (e) ScBEnuiaia 
or Tests fob Fsbuissibiutt of specific machines and devices; (/) Handbooks of 
rescue apparatus and first-aid methods; (g) Minbbs’ CiBCUbABS for foremen and miners* 
on mine explosions, falls of roof, miners' diseases, etc. Subjects treated: character and 
use of explosives; limits of inflammability and explosibility of gases, coal and other mineral 
dusts, and metallic dusts; prevention of coal-mine explosions; mine ventilation and air 
conditioning; allaying dusts harmful to health; miners'occupational diseases; safer mining 
and shaft-sinking methods; causes of fall of roof or ore and better timbering; haxarda in 
mechanization and use of electricity; fire prevention; mine lighting; inspection methods; 
safety organizations; permissibili^ of safety equipment: bursts of gas, bumps and rock 
bursts in deep mining; safety and health statistics. 
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MTOING LAWS 


This Beotion ha* pwtieuUr rsfeimee to Federal Miniag Laws, and those d the we s tern 
inininc states, lu^y based upon the text written by the late Horace V. Winei:^!, of the 
Cahfomia Bar. Articles 1-6, on the historical development of tiie U S Mining Laws, also 
mudi Of Art 11-13 and 16-20, are changed but little from Winohell’s text. 

The present edition includes a discuerion of extralsteral rights by Judge Clayberg; 
Art 27-32, on Federal Mining Taxes, by Paul Armitage, of the New York Bar; Art 38-42, 
on the M'tting Laws of Canada, by Gordon McMillan, K C, of the Toronto Bar; and 
Art 48-46, on tiie Mining Laws of Mexico, by Robert T. Brinsmade, an associate of the 
law firm Basham A Binge, of Mexico City. 

Ths more important Apex oaaee have been cheeked by Profeesor William Sklward Colby, of the 
California Bar. Raspecting the Apex Law, the text of the U 8 Code has been uaed, rathw than 
refsrring back to the original statutes. Aa lack of epa^'e prevented vwbatim inoiuaion of the Mint 
lag Statutea of the Western Mining States and of Alaska; and because it was neoesaary to give a 
summary of the Mining and Depletion proviaions of the Federal Revenue Acts, now in force; also 
the Canadian and Mexican Mining and iornui of perpendicular side-line agreements, with 

examples of surface mining deeds: it was deridftl to act forth in aome detail the Mining Btatutoa id 
California, as illustrative, and to refer briefly to the Mining Laws of the other states subjeet to ths 
Fsdaral Mining Aeta. Mo referenee ia made to Mining Laws of states not eontaining public mining 
lands. 

The V S Code ineludee a chapter on the B'treau of Mines and one on “Lands Containing Cool, 
PhoaphoruB.” eta Parts of tbe antira Code, and refereneea to other parts by Utile, for the inform** 
tlon d the mining profeaaion, are presented. The articles on problems of (he Apex Law, by Judge 
Clayberg, are taken from tbe first edltiona of this handbook, with brief referenoee to some later 
deeiidone. 

It mutt be impressed upou all those who read this Section that ita object is only to 
summarise the mining laws, which, with the statutes, change from year to year. While 
it ia hoped that this cursory review will be generally informative, the writers urge upon 
iii who have legal problems to solve, to consult an able mining lawyer practicing in the 
State or Country in question. ^ 

Nots. —Tbe reader is particularly cautioned that tbe information contained in 
aeotifin of the book ia As of Deo 81,1938, and that, as stated above, changM are frequently 
made in the mining laws of the several states of the United States and in the other ootmtries 
dted. 

1. INTRODUCTION 

Character of mining laws. These laws define the status of the prospector for mineral 
depoeite, establish his methods of procedure, protect him in poseoseton while seardung 
for mines, and give him assurance of title when all required conditions have been fulfilled 
•ad valuable minerals discovered. Regulations for the operation of mines, and for Ae 
safety and health of employes are also subjects of Federal and State legidation, but are 
rather ia the nature of police and sanitation rulea for the daily guidance of mine workws; 
they are subject to frequent change, and are not considered here. (See Sec 22, 23.) 

Importflnee of an understanding of mining laws is indicated by three considerations: 

1, There ia always a prescribed course of procedure to be fcdlowed in acquiring ami 
psrpntoating such ti^ as is granted by the laws, both whije a property is in the exploratoiy 
gtagee and after ores have been discovered; and without strict compliance with these 
•tatutoty provisbns there is danger of losing the mines after they have proved of value. 

2. The peculiar apex provisions of the U S mining law and the deduoas of the Supreme 
Court are of vital importance to the mine owner in those states where the laws api^. 
Tiu titlss to noany mines have been seriously affected or entirely forfeited by inattention 
toutSLobvioua and unmistakable wording of the statutes. 

81 A mining engineer, called upon to place a valuation upon mines in districts whera 
the apextaws are in force, must be familiar with those laws. Possihilily of apex litigation 
lungs over many miniag investments, and no engineer con safely recommend the purehaM 
of • quarts (veiii) mine without taking it into consideration. 

8. THBORIBS RELATING TO ACQUISITION OF MININO CLAIMS 

PlindplM of eenstnction of miaiag.lawB of the world may be grouped in two clflaoefl: 
1. 'Q»t in which the State or a private owner of mining property has tiM ri^t tn grant 
ooncsations or lenses to individuals or eo(p<yatioae at diserati^ or under esstaia gmeral 

IMS 
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W i lrt ip ri Q W , Thii ii the *‘ConcieMioii” lyitem. 2. Tlu|t in whieh any iadiyiduat, under 
Hwwiifiad reeWolaonB, gamrally aa to nationality or ookv, haa^the rii^t tt> locate on di** 
eoyaqr or otherwiae certain limited areaaof ground, and under certain oonditiona to hold, 
work, or diapoae of the aame. Thia ia the “Claim” ayatem (Alford, p 1). 

Coneeaaion iyatem had ita origin in the riid>ta of kinga and feudatoiy kuda to the 
mineral produeta of the groui^, and it prevaila today in modified forma in all tlm anotent 
eivitiaationa. Ita advantage ia that the State or other owner of wunt^g nyhta may aeleet 
ita e on oBaaionairea. and thua place the minea only in the handa of thoae who are abb to 
operate them and to pay the required rente, tazea, or royaltiea. There b ineidantd 
ec o nom y in the maintenance cd order, collection of dues, and the greater atab^ty of 
mining operationa. The ryatem ia criticiaed for placing unduly large powers of property 
eoatrol in the handa of a few men, and for taking away from the poor proapector 
of sadden wealth; it ia alao aaid to deatroy competition in the Bale of minea, plaqing inordi^ 
nately large profita in the handa of a few; and that it conduces to the holing of mining 
ground unworked, thus reducing mineral production and restricting opportunity for labor, 
Ihaae objections may perhaps be over-balsnoed by the facta that the tenna of eonceeaion 
may and uaually do require a certain amount of development; that they reeerre to the 
Qoveniment some control of the financial tranaactiona and capitiJiaation of the oonceeaion 
hcddera, and that the operationa of large corporations are generally conducted with greater 
efficiency and economy, in both prospecting and mining atagee, than those of coBp 

cems or of individuala. 

Claim system originated in the early days of mining in the U 8. Proapeoton rushed to 
the newly diaoovered gold districts of California, later to those oi Australia; and to pre s e r ve 
public order, some arrangement became necessary for determining on the spot the area of 
ground that each man wee allowed to work, and the conditions under which he could hold 
end deal with it. Hence arose the right of the discoverer to a “daim,” a tenn now in 
genOrai use in legal parlance. Where consolidation of olaima is prohibited, tibie result u 
waste and many failurea; where claima are permitted to be hdd without gyatematie 
devei<mment. no a^iod results to the country at large, nor to the claim holder; and it b 
oritiob^ as being a system which, although it may appear at first sight to mcoutage 
individual enterprise, in reaUty lea^ to great waste of capital and unorganised energy. 

Two fundamental principles form the basb of all mining laws: 1. The rii^t of mine 
operators to a secure and indefeasible title to their property so long as they fulfil certain 
qpeoified conditions, compliance with which is absolutely within th«r own power; 2. Hie 
right of the state or other landlord to certain rents, royedties, or taxes on the profita of the 
mines, and to reasonably constant performance of ^active work on the mines, so that 
oapital, represented by property and labor, shall not be unduly idle. These prindplee are 
Msnntislbr coDimon to the laws of aU countries, though in individual oases modified to suit 
olimatic, ethnological, and physical conditions, as well aa the history and theorbo of land 
tanure od the particular mining region (Alford, p 7). 


UNITED STATES MINING LAWS 

3. SOURCES OF THE LAWS 

Pubtte mineral domain. Since nearly all of the domain in tha etatea and toiritorba 
oubjeot to the federd mining laws was originally acquired by treaty or pur ch aa i from 
Vtoaoe and Mexico, wherein the dvil bw was the basb of jurisprudence, and at the time 
^ ermrinn both of these nations had well established and d^ed codes of mining law, it b 
natural to expect to find the influence of French and Spanish bwa in the growth and 
devdopment of our own aystem (landley, p 6). Tmeea of the prindplea of the common 
law, which, in general, minerab ware the landlord’s property and wait with tibs 

are also found in the old ante-revolution Britidi grants. Some euetome and ruba 
adopted in the West are traoesUe to (Tomwall, and from thwe to Gomanj^. Tha prin¬ 
dplea of common bw prevad in the U 8, and eataUish in the owner of the aorfaoe the 
prima facie title to minerals beneath it, until rebutted by evidence that ownanphip of the 
minerde had, from some special cause, become aevarod from that of tha soil 
and aurfnoe. Sudb separate and distinct title to minerab may arias through bgtabtivn 
,aots of Congrem or of nay state, or voluntary act of tranofor by the individual 

’ sHm ones owned both surfaoe and minerals. 

Odmdalgtanto. In almost all crown gwnta to the cebDiaa. thein waa l a wn mii to the 
nDVMVimi a oertaiii fixed proportion at the “royal metab” (gdd and diver) dbcowsd. 
TbtotoNi elbvtor of N OtlfiM), granted to Sr Waltor Bakfijt by Ettanbstii, eoBlaigndi tha 
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following: “ R w e n r i ag nlwnsw to lu, our hein utd lueoeaiort, lor all aorvioos, dutiaa and 
demaada, the fifth pwrt of aO the ore of gold and silver that may from time to time and at 
aU times after sueh diseovery, aubduiiig, and i)cswciaHing, be there gotten and obtained.'' 
lUs form of re s erva tion ooours, with few exceptions, in all succeeding grants. 

The U B, in first dealing with its public hmds, followed these precedents and inade 
dmilar reaervationa, euggeeted by precedent rather than considerations of public policy, 
nte general policy of the U S, as expressed in the statutea, executive acta, prodama- 
tiomr prior to 1846, was to reserve mineral lands from sale absolutely. These lands, so 
far A thefi Icnown, contained lead, iron, copi>er and sine, in the part of the U S territory 
then called the Northwest or Indian Territory, and comprised the area now embraced by 
Mich, Wis, HI, la. Mo, and Minn. 

federal leasing system. Within the territory of the Louisiana purchase, acquired 
from France in 1803, lead mining began about 1720, under patent to Law’s Miansaippi 
colony, while that region still belonged to France. On March 3, 1807, Ck>ngreas passed a 
law providing: ” that tiie several lead minm in the Indiana territory . . . shall be reserved 
for ^e future disposal of the United States; and any grant which may hereafter be made 
for a tract of land containing a lead mine which had been discovered previous to the pur¬ 
chase of such tract from the United States shall be considered fraudulent and null, and the 
President of the United States riisll be and is hereby authorised to lease any lead mine 
which has been or may be hereafter discovered in tiie Indiatta territory for a term not 
exceeding five years." 

This legislation inaugurated the iMlicy of the U S of leasing mineral lands. Leasee 
were given under supervision of the War Department, covering tracts at first 3 miles, 
afterward 1 mile square, and bound the lessees to work the mines with due diligence and 
return to the U S 6% of all oree raised (Lindley, p 64). No leases were issued undo: the 
law until 1822, and but a small quantity of lead was raised previous to 1826, from which 
time ptuduction increased rapidly. For a few years the rents were paid with some 
regularity; but after 1834, because of the immense number of illegal entries of mineral 
la^ at the Wis land office, smelters and miners refused to make further payments, and the 
‘ government was unable to collect them. After much trouble and expense, it was, in 1847, 
finally decided that the only way was to sell the mineral land, and do away with all 
reserves of lead or any other metal, since they had been only a source of embarrassment 
to the department. Meanwhile, by a forced construction of the same act (afterward 
declared invalid), hundreds of leases were granted to speculators in the Lake Superior 
copper retpon, which from 1843 to 1846 was the scene of wild and baseless excitement. 

bublde burst during 1846; the issue of permits and leases was suspended as ill^Eal, 
and the act of 1847, authorising sale of mineral lands and a geologi^ survey of the 
district, laid the foundation of a more substantial prosperity (Hewitt, Tram A I M E, 
vol V, p 180). 

M^can grants. The treaty of Guadalupe Hidalgo, concluding peace with Mexico, 
was signed Feb 2, exchanged May 30, and proclaimed July 4, 1848. 

This treaty added to the national domain more than 600 000 aq miles, embracing Cal, Nev, Utah, 
Aris (esoept Gadsden purchase of 1663), N Mex west of the Rio Grande and north of Gadsden pur- 
ohaae, Colo wast of the Rocky Mts, and BW part of Wyo. Gadsden purchose added to the public 
domain 46 582 sq miles, forming pi^ of the present States of Aria and N Mex. By the treaty, aU 
property theretofore belonging to Mexico within the limits defined by the compact ^tween the two 
nations passed to the U S, upon which government was imposed the obligation to protect titles 
acquired under Mexieatt.ruie. A valid right before the cession was equally valid afterward. 

. Rsgisttmtioa of Mexican grants. As to those in Cal, Congress provided for the appointment of a 
board of land oommiasioners, to whom all persona claiming lands by virtue of Miy right or title 
derived from the Spanish or Mexican government were required to present their claims. Appeals 
could be taken from deeisioiis of tide board to federal courts, even the highest. By acts of Ji^ 22, 
1854, Feb 26,1861, and Feb 24,1863, the surveyors-general of N M». Col, and Aris, respectively, 
were instrueted to report to the Interior Department upon tiie status of irivate land claims in their 
jurisdictions. At present, it is presumed that all rights and cloims of every nature to laqds arisiag 
out of Mexican grants have been finally adjudieated (Lindley, par 117, et t<«). 

» 

4. SOURCE OF THE PUBLIC DOMAIN 

TIm nntioinal government acquired no property rij^ts within the isreaent boundaries 
of the 13 original states, nor in the states of Vt, Ky, Me and W Va; hence, no question of 
apex nights other questions of federal procedure or titles arise theiein. The first, 
acquMtion of national domain which became subject to disposal M Congress wai fay* 
■ipdons of territory claimed by 7 of the miginal states. 

Thsas ssssions, 1)eginniag with that By N T (Msroh 1.1781) and ending with that cl Oa (April 
. ti, Ififti), faroniht within the jurisdietiim of the federal govonusent sBlhat portion of the prasent 
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ma of th* U 8 aow eomprisiBC Twut, n. lad, CHiio« Mieh, Wla. thoM porlioM of Ala and IjKmi 
Borth of tha Slat parattd. and all tibat ^rttoa of Mina lying Bnat U tha Miaaiaaipi^ Blvar. ta. 1008, 
tha tanitoiy aoquirad by inirobaaa front FraBoe, oominonly oalled tba ‘^Lcmiaiana porohaiM.'' addod 
ovar 1000 000 aq inilea to tha naUanal dnoalB, ambra^ng parta of Ala and Miaa, tha atataa of La, 
Ark, Mo, Iowa, Kaa (axoapt a portion in Uta aouthwaat eoraar), Neb, all of Col aaat of ^ Biooky 
Mta and north ot tba Arkaaaaa Bivar, bo^ Pakotaa, tha graatar part of Mont, part of Wyo, and tha 
Indian Tarr. Tha aequisition of land from Maxioo haa alraady boon mantionaA Alaaka waa par* 
ohaaed from Buaaia in 1807. By treaty of eandon batwean tha V 8 and Hawaii, adopted bjr ^on* 
graaa July 7,1808, all lands witlua tha Hawaiian lalanda, ooaarad by tha traa^, which botongad to 
tha rapublio as distinguishsd from priyata lands, passed to tha U 8, and became aubiaot to tha 
posal of Congress the same as other puUio lands. 

As yet, ^ public-land laws of tha U 8 have not bean astanded to tha new territwy of Hawaii, 
and, until further action by Congress, tha land laws of the rapublio existing at tha time of Uia treaty 
of cession arc continued in force. These laws do not provide for sale or other disposition of 
dassified as minarsL By the treaty of Paris, Porto Keo waa ceded to the 17 8 by Sindn, and all 
crown lands passed to the U S. By act d Congress, July 1,1902, all such lands were ceded Iqr tha 
U 8 to the territory of Porto Rioo for the use and benefit of its people, and are subject to sale anl 
disposal under territorial laws of that island. Treaty of Paris also transferred ownouhip of tha 
Philippine lalanda from Spain to the U S. On July 1,1908, was approved an act containing a code 
of laws governing disposal of public lands valuable for minerals. This law was amended in 1908 
(83 Stats at Large, 692; Comp Stats, Supp 1911, 527; 10 Fed Stats Ann 267). It will be seen later 
that federal statues regarding the public domain do not apply to aU territory controlled by the U A 
As to one portion, there was no congressional jurisdiction for lack of title, and as to still other por¬ 
tions there has been specific exception by act d Congress, 


6. THEORY OF UNITED STATES MINING LAWS 

Character of mining property. Mines in the U 8 are not ranked as puldio property, 
to be worked by the federal government. Mining with us ie not a ” public utility,'* Iwt 
a private industry, to be fostered and regulated like all other eoonomio industries (Lindley, 
p 120). The regalian doctrine of the crown's ownerslup of the royal metals, wheresoever 
found, based upon the theory that these metals were a prerogative of the crown, wbidi 
prevailed in England, France, Spain, and Mexico, waa never recognised in this country. 
A grant or conveyance by the U S carries all minerals, unless reserved expressly or by 
implication in the law or instrument purporting to pass the title (Lindley, loe eit). The 
government of the U S does not concern itself with mining lands nor the mining industry 
after it parts with the tiUe. This title vests in the patentee absolutely. No royaltiee 
are reserved, nor is any governmental supervision attempted. Upon issuance of the deed 
of the government, mining land becomes private property, subject to the same rules of 
law as other real property (Lindley, par 22). Althoui^ quite within ite sovereign power, 
the U S government has never engaged in mining operations. 

Mlnsrsls in piivste lands. No provision is made in the U S laws for location of mining 
eluinia upon or within privately owned lands. Laws of many countries in Europe and 
South America reserve this right under the theory that mining is a public utility. But 
in the U S puUic mineral lands only may be located and entered under the mining laws. 

Rsssrvation of mining rights. Authority to administer public lands was given to thd 
Department of the Interior under act of Oingress passed Mar 3, 1849. Prior to 1866 it 
was the settied policy of the U 8 government to reserve the minerals in all lands sold or 
granted to individuals, states, or railways, and other corporations. 

Hie first sale of mineral lands by the government was that of the reaerved lead and sino 
nwnw in Mo at $2.60 per acre under act of Mar 3, 1829. By act of July 11, 1846, sales 
ol nmilar lands were authorised in Ill, Ark, Wis, and Iowa. Under act of Mar 1, 1847, 
lands in the Lake 8uporior district containing lead, copper, or other valuable ores, were 
offered at publie sale at $5 per acre; and by act of Mar 3, 1847, the sale of lands in the 
Ohippewa distriot, Wis, was authorised on rimilar terms. Excepting thsse q>eeial sales 
of mineral lands, it was the uniform poliey of the government to reeerve mineral lands from 
sale or grant in idl casea. Thus, in grants for sduoational purposes and for inisnial 
improvements within the states, there was often a reservation of lands known to be 
mineral at t^ time of grant. If, however, minerals were discovered after completkm of 
thei transaction, the state's title timeto would not be affected. The same is true la 
general of railroad grants. Non-mineral lands only were to be granted; but diawvery 
^ mfoeral cheraeter afttn* title has legally passed does not invalidate title, because imnsnee 
of patent to the la^ implies that it has bm examined by the land d4)artakea% aad'tonnd 
to be noi^Wneial in eharaoter, and establishes vested ritfbts which can not be attaidmd. 

' 11m important feitures of the law an presented briefly, in tha following pnffas- For 
Inl^ difirnarion sse textbooks listed in tlja bibUogmphy. 
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«. FIRST OBNERAL MlRDrO ACT 

It 

fbat adaiBf fitolnw to Uuul which afterward* beoama part of the pobUe d<»iiaiin wera 
ataked ia Ner and Cal. The firat minera made their own lawa, unmindful ot legidation 
by territory, atate, or nation. Their regulation* were framed to cover looal oon^tiona, 
and Mnbodied idea* and knowledge of the aubiect poaaeaaed by miner* from Meiioo, 
Ccuawall and other porta of Great Britain, and the continent of Europe. In aocccdance 
with theae rule* “ tito right of property in minee is made to depend upon ditentry and 
derelopment; that ia, diaeoverj/ ia made the source of title, and dndajmetU, or womng, 
the condition of the oontinuanoe of that title. These two ptindplee constitute t^ basia 
Of all (Hir local laws and regulations reepeoting mining rights *' <Halleek, Introd to De Foos 
on Law of Bfinea, p vii). 

Law of July S6, IBM, was the first general statute by which title oould be acquired to 
any public mineral lands within what are known as the mining states and territoriesii 
Tl^ act has been largely superseded or repealed by subsequent legislation, but is said to 
have establihhed at least 8 important and beneficent principles: 

“ 1. That all the mineral lands of the public domain should be free and open to eiplo* 
tatinn and occupation. 

2. That rights which had been acquired in these lands under a system of looal rules, 
with the ap];>arent acquiescence and sanction of the government, should be reooffidsed 
and confirmed. 

8. That titles to at least certain classes of mineral deposits or lands contaixung them 
might be ultimately obtained " (Lindloy on Mines, par S4). 

7. MINING ACT OF 1872 

On May 10,1872, Congress passed “An act to promote the devdopment of the mining 
rsaoureea the United States.” This is the famous “Apex Law.” With a few additions 
and amendments, it is the law under which Federal mining rights are sow acquired, and 
in aoooidanoe with its proidsionB the vast majority of mining ohuma in the territory td 
which it applies have been located. This law is now incorporated in the U B Code 
Aimotated, Title XXX, Chap 2, which is herein quoted in full. It takes the place of Title 
XXUI, C^p 6, of the Revised Statutee of U 8, on pp 1659-1664 of the Bewnd Edition 
of this Handbook. The Code Annotated may be fouz^ ia the library of almost any law 
firm, and in any public law library. 

Text of Chap 2, Title XXX, of the U 8 Code follows: 

U. Reaervatlon of mineral lands from sale under general laws. In all oases lands 
valuable for minerals shall be reserved from sale, except as otherwise expressly directed 
by law. 

ti. ValnaUe mineral deposits open to location. Who may locate. All valuable 
ntiaeral depotits in lands bdonging to the United Statee, both surveyed and unsurreyed, 
diall bo free and open to exploration and purchase, and ^e lands in which they are found 
to oeoupation and purchase, by oitisens of the United Statee and thoae who have declared 
their intention to become each, under regulations prescribed by law, and according to the 
local customs or niks of minm in the several mining distriote, so far as the same aro 
appUeaUe and not inoomutent with the laws of the United Statee. 

( 88. Length of lode dafrn. Dlacovety essential to location. Width ot clai m . End 
Hsms must ho pnnlM. Mkdng chums upon veins or lodes of quarts or other rook in 
piaeo, bearing gcdd, diver, cinnabar, lead, tin, oopper, or other valuable dopoaits, hsreCo- 
loco locatsd, shall te governed as to length along the vein or lode lu’’ the cLetams, tegulsc 
tions, and laws in force at the date of thrir location. A mining claim located after May 10, 
1872, whether located by one or more persons, may equal, but ehaU not exceed, 1IM It 
hi length along the vein or lode; but no location of a mining elsim shall be made until the 
d fa oovei y of the rtia. or lode witl^ the limits of the cla im located. No elafan dhall extend. 
name chaw SOO ft on «Msh tide of the middle of the vein at the aurfaee, nor dkall any elai m 
be limited Iqr any mining regulation to less than 25 ft on each aide of the middle of the vein 
at the surfeoe, exoept where edterse rights existing cm May 10,1872, rendm such Hmit n* 
thm nsosssmy. Tbs end fines of eaeh cldm shall be parallel to each other. 

84, Freof cf dtiienaUp, under this chapter, may ocmaist, in the eass erf an individual 
of li^Vnrn alBdevlt thaseerf; ia the case of an aaaoeiation of pennnsuaiwxiirporatad, of the 
efikhreit oCAafr auduirieed agent, made on hie own knowledge or upon mfoimation sad 
htiW; end in the case of e eorporetimi oigenieed undpr the laws of the United Btotee, er 
el eayBluMmTWritoiy thereof, ly the filing etU'seiililied eegy of their cheytui nr eertU* 
logie of igiQQiporatioii, 
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Ml AMaflt*«f flWfwililt. ApDiloMBts pstcati nlw Mrfds bcgwatf tt* 

UmitB of the diatriet «dier«Ui tiio olalm ia dtuatad, may nu^ any oatb or affidavit tatjulMd 
lor jnoof ot dilaen^p bafixa the Oark of any Court of B«ooi<d, or any Notary Fubllo of 
aay Stale or Territory. 

M ftxtMlaienl and latralimlld rlghta. The loeatore of all miniug locatloaa haretoo 
fore made or whioh ahall hereafter be made, on any mineral rein, lode or ledie situated on 
the puUlo donmin, their hairs and asaigna, where no advene claim edated on May 10, 
1872, ao long as they oomply with the laws of the United Statea, and with State or Terri* 
torial regulations not in eonffiet wHh tiie laws of the United Statm toverning thdr poaaea* 
aory tide, ahall have the eateluaive right of poasesaion and enjoyment of ^ the aurfaoa 
Induded within the end lines of thdr locations, and of all vdns, lodes, and ledges, throuid^ 
out their entire depth, the top or apex of which lies inside of such surface lines extendi 
downward vartioaUy, although such vdna, lodea or ledges may so far depart from a per* 
pendicrdar in their course downwerd as to extend outside the vertiral aide Unee of sudh 
surfeoe locations. But their right oi poasesaion to such outside parts of such veina or 
ladgsa ahall be confined to anoh portions thereof as lie between vertical planes drawn 
doimward as above described, thmugh the end lines of thsir locationa, so continued in 
thair own direeticm that such fdanes will inteiueot such exterim’ parta of such veina or 
Isdgaa. Nothing In this aection khall authoriae the locator or posaesaor of a Vein or lode 
whidi extends in its downward course beyond tiie vertical end hnse of his claim to enter 
upon the surfaoe of a claim owned m possessed by another. 

27. Taaael rlghla. Length of tmuMde. Whm a tunnd is run for the devdopmsnt 
of. a vein or lode, or for the discovery of minw, the ownere of such tunnel shall have the 
right ot posBosaion of all veins or lodes within 8 000 ft from the face of such tunnel on the 
line thowf, not previously known to exist, diaeovered in such tunnd, to the same extent 
aa if discovered from the surface; and locatioaa on the line of such tunnel of vehia and 
lodea not appearing on the surface, made by other patties after the commencement of 
the tunnri, and while the same is being preaeouted with reasonable diligenee, ahaU 
invalid; but fadure to prosecute tiie work on the tunnel for six months shall be considered 
as an abandonment of the right to all undiscovered veins on the line of such tunnd. 

28. Miaing-ffiatrlet regulations by miners. Annual labor on elahna pending iasno 
of patent Expenditure on tnnnela conaidered. The miners of each mining district may 
make regulations not in conflict with the laws of the United Htates, or with the laws of tha 
State or Territory in which the district is situated, governing the location, manner oi 
recording, amount ot work necessary to hold possession of a nuning claim, subject to the 
fdllowiag requirements: The location must be distinctly marked on the ground so that its 
boundaiiee can be readily traced. All records of mining claims made after May 10, 1872 
shall contain the name or names of the locators, the date of the location, and such deserip- 
tion of the claim or claims located by reference to some natural object or permanent 
monument as will identify the claim. On each claim located after May 10, 1872, and 
until a patent has been issued tiierefor, not lem than $100 worth of labor shall be per* 
framed or improvements made during each year. On all claims located prior to May 10, 
1872, $10 worth of labor shall be performed or improvements made each year, for each 
100 ft in length along the vein, until a patent hae been issued therefor; b^ where sudk 
elaims are h^ in eranmon, such expenditure may be made upon any one claim; and upon 
failure to oomidy with these conditions the claim, or mine, upon which such faUnre oeeunred 
shall be (^len to rdocation in the same manner as if no location of the same had ever been 
made; provided that the origiud locators, tiieir heirs, assigns or legal nqirceentatives, 
have not resumed work upon the claim after faUure and before sueh kxwtion. Upon 
failure ai aay one of several oo*ownera to eontribute hia proportion of the sapenditures 
required herein, the oo*ownera who have xwrformed the labor or made the improvements 
may, at expiration, of the year, give such delinquent co-owner peraonal notiee in writing, 
or B^oe by pubtiostion in the newspaper putdished nearest the claim for at 1<^ onee a 
weak frar 80 days, and if at expiration of 90 days after such notice, in writing or by puhli- 
owtioii, sueh dahmiuent should fail or refuse to contribute his proportion of the expendi- 
toure required by this section his interest in tiie claim shall bmome the property of his 
e»«iwiters who have made the required expenditures. The period within which ^ work 
required to be done annually on aU unpatented mineral dahns located sinoe May 10,1872, 
indoding euoh elaims in the territory of Alaaka, shall commence at 12 o'clradc Maridlnn 
on lAo 1st day of duly sueeeeding the date of (he location of such daim. Where • parson 
or ooapany hag or may run a toand for the purpoae erf dsvdotdng n kxle or lodes, irwiisd 
by such ptnoa or eompany, the moosy eo expended ia said tui^ shell be taken sad eoa^ 
gidsred ss gspen^sd on said lode or lodes, vdietlier located prirar to or dnee Mey 10,1872; 
•keh pereen or eonqieay dull net be teqidred to perform work oa the harfaoa et eeid lode 
or loMS la order to hold the eiBto as reqthred by Oie section. On dl eush vaBd tielme 
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tlM «niiual pariod anding Daoambar 81, 1921, ahall ooatinua’to 12 M aridlm on 

Jvly 1,1922. 

19. Pataiit procaadlnfa. A p«ta&t lor any land daiinad and loeated for valiiaUa 
dapoaita may be obtained In the following manner: Aity peraon, aaaodation, or ooipora* 
tion authoriaed to locate a claim under ttiia chapter, having daimed and located a piece 
of land for auch purpoaea, who haa, or have, complied with the terma of thia dwptar, may 
file in the proper huul of^ an application for a patent, under oath, showing such emn- 
plianee, together with plat and fidd notes of the eUum or oldiiiia in common, made fay or 
under &e direction of the United States Supervieor of Surveya, showing accurately the 
iboundaries of the daim or dsinu, which sh^ be directly mark^ by monuments on the 
ground, and shall podi a copy of such plat, together with a notice of such application far 
a patent, in a conspicuous place on the land embraced in such plat previous to tite filin g 
of the application for a patent, and ahall file an affidavit of at least two persons that such 
notice has been duly posted, and shall file a copy of the notice in such land office, and ahall 
thereppon be entitled to a patent for the land, in the manner following: The register of 
the land office, upon the Sling of application, plat, field notes, notices ai^ affidavits, shall 
puUish a notice that such application has been m«ie, for the period of 60 days, in a news-* 
paper to be ly him dedgnat^ as publislied nearest to such claim; and he diall also post 
su^ notice in his office for the same period. The daimant at the time of filing this appli¬ 
cation, or at any time thereafter, within the 60 days of publication, shall file with the 
register a certificate of the United States Supervisor of Surveys, that $500 worth of labor 
has been expended or improvements made upon the daim by himself or grantors; that the 
plat is correct, with such further description by such reference to natural objects or per¬ 
manent monuments as shall identify the claim, and furnidi an accurate description to be 
incorporated in the patent. At the expiration of the 60 days of publication tiie claimant 
dull file his affidavit, showing that the plat and notice have been posted in a conspicuous 
place on the daim during such period of publication. If no adverse claim ahall have been 
filed with the register of the proper land office at the expiration of the 60 days of pubUoa- 
tion, it shall be assumed that the applicant is entitled to a patent, upon the payment to 
the proper officer of $5 per acre, and that no adverse claim exists; and thereafter no objec¬ 
tion from third parties to the issuance of a patent shall be heard, except it be shown ^t 
the applicant heu failed to comply with the terms of this chapter. Where the daimant 
for a patent is not a resident of or within the land district wherein the vein, lode, ledge or 
depodt sought to be patented is located, the application for patent and the affidavit 
rsQuin^ to be made in thia section by a claimant for such patent may be made by his, 
her, or its authorised agent, where said agent is conversant with the facts sought to be 
established by said affidavit. 

so. Adverse claims, filing of, and salt upon. Where an adverse claim is filed during 
the i)eriod of publication, mentioned in Section 29 of this title, it shall be upon oath of the 
peraon or persons making the same, and shall show the nature, boundaries, and extent of 
such adverse claim, and all proceedings, except the publication of notice and making and 
filing of the affidavit thereof, shall be stayed until the controversy shall have been settled 
or decided by a court of competent jurisdiction, or the adverse claim waived. It shall be the 
duty of the adverse claimant, within 30 days after filing his claim, to commence proceedings 
in a court of competent jurisdiction, to determine the question of the right of possession 
and prosecute the same with reasonable diligence to final judgment; and a failure so to do 
to a waiver of his adverse claim. After such judgment shall have been rendered, the 
party entitled to the possession of the chum, or any portion thereof, may, without giving 
further notice, file a certified copy of the judgment-roll with the register the land officq, 

together with the certificate of the United States Supervisor of Surveys, that the requisite 
amount of labor has been expended or improvements made thereon, and the description 
required in other oases, and shall pay to the Register $5 per acre for his claim, together 
with the proper fees, whereupon the whole proceedings and the judgment-roll shall be 
owrtified by the register to the Commissioner of the General Land Office, and a patent shall 
issue thereon for the claim, or such portion thereof as the applicant shall appear, from the 
decUdon of the court, to rightly possess. If it appears from the decision of the court that 
several parties are entitled to separate and different portions of the claim, moh party may 
pay for his portion of the claim with the proper fees, ssid file tite certificate and description 
by the United States Supervisor of Surveys, whereupon the register sirnU certify the pro- 
oeedingi and judgmtfit-roll to the Commissioner of the General Land Office, as in tits 
preceding case, and patents sludl issue to the several parties aooording to their respective 
r^^ts. Nothing he^n contained shall be oonstiued to prevent the dlienation of the title 
eonvayed by a patent for a mining daim to aiw penam whatever. 

8L Same: oath of claimant. The edvnee claim requlrad by sectirm 80 of tins titia 
may.be vtsril^ by the oath td nay duly anthewiaed agent or attorasy in fact of the adverse 
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iteiteMMit eosai^t <rf the faeis ateted; and Ilia adaaraa daiix^t, if raddtAf or at aajr 
titta baing baj^bd tba limita of tha diatriet wlmai^ tha elaim ia aitoated, may iiuJta aatb 
to tliaadvaraa claim bafora tha dark of any Court of raoord of tha Unitad Stotaa tha 
Stata or Twritoiy whara tha adrana daimant may than be, or bafora any notary pubiie 
of iuoh dtateW Tarritpry. (April 26,1862 e. 106, Sec. 1, 22 Stat. 40.) 

88. Sama; iadiaga by jury; coata. If in any action brought pnrauant to Sactioii 30 
<)f'this titla, title to tha ground in oontrovaray Aall not be eetabliahad by dthar party, 
tlM Jury shall ad find, and judgmant shall ba antared according to tha verdict. In auoh 
case coata shall not be allowad to either party, and tha daimant shdl not proceed in tha 
land'offioe or ba entitled to a patent for tiie ground in controversy until ha diaU have 
perfected his titla. (March 3,1881, c. 140, 21 Stat. 505.) 

88. ILighta under patents iasoad bdora Act of 18TS. Applications for patents for 
Qiining daims under laws ezisting prior to May 10, 1872 and pending on that data, may 
be prosecuted to a final decision in the General Land Office; but in such oaaaa vhere 
adverse rights are not affected thereby, patents may issue in pursuance of the provWons 
of this chapter; and aU patents for mining daims upon veins or lodes issued prior to 
!day 10,1872 ^dl convey all the rights and privileges conferred by this chapter vrhera no 
adverse rights existed on May 10,1872. 

84 . Description of claim on surveyed and unaurveyad lands. Monuments oontiol 
locations. Tha description of vein or lode daims upon surveyed lands diall designate 
tha locatimi of the claims with reference to the lines of the public survey, but need not 
conform therewith; but where patents have been or shall be issued for daims upon 
unaurvayed lands, the United States Suiiervisor of Surveys, in extending the public survey, 
shall adjust tha same to the boundaries of said patented claims so as in no case to interfere 
with or change the true location of such claims as they are officially estaUished upon the 
grouml. Where patents have issued for mineral lands, those lands only shall be segre¬ 
gate and shall be deemed to be patented which are bounded by the lines actudly rns rlri w il, 
defined, and established upon the ground by the monuments of the official survey upon 
which the patent grant is based, and the United Stotes Supervisor of Survm^s, in eveciitiB g 
subsequent patent surveys, whether upon surveyed or unsurveyed lands, riiall ba govemad 
aocorffingly. The said monuments shall at all times constitute the highest authority as 
to what land is patented, and in case of any conflict between the said monuments of such 
patented claims and the descriptions of said claims in tha patents issued therefor tha 
monuments on the ground shall govern, and erroneous or inconristent descriptions or «■!>■ 
in tha patent deeeriptions shall give way thereto, prior to May 10, 1872. 

88. Placers and other forms of deposit not in place may ba antared and patented. 
Claims usually called '* placers,” including all forms of deposit, excepting veins of quarts, 
or otiier rock in place, idiall be subject to entry and patmt, under like drcumstanoes and 
conditions, and upon similar proceedings, as are provided for vein or lode daims; 'but 
where tiie lands have been previously surveyed by the United States, the entry in its 
exterior limits shall conform to the legal subdivisions of the public land^ 

Placer locations must conform to public surveys. Homesteads. Where placer 
daims’ are upon surveyed lands, and conform to legal subdivisions, no further survey or 
plat shall be required, and all placer mining claims located after May 10, 1872, eball 
conform as nearly as practicable with the United States system of public-land surveys, and 
the rectangular subdivisions of such surveys, and no such location ahaJl indude more 
than 20 acres for each individual claimant; but where placer daims can not be conformed 
to legal subdivisions, survey and plat diaU be made as on unsurveyed lan^; and where 
by the segregation of mineral lands in any legal subdivision a quantity of agricultural 
land less than 40 acres remdns, such fractional portion of agricultural land may be 
entered by any party qualified by law, for homestead purposes. 

86. Subdivisons of daims. Group entries. Maximum extent of jdacers. Legal 
subdivisions of 40 acres may be subdivided into 10-acre tracts; and two or more 
Iieraons, or aasodations of persons, having contiguous claims of any sue, although 
daims may be less than 10 acres each, may make joint entry thereof; but no location of 
a plaoar di^, made after July 9,1870, shall exceed 160 acres for any one persdn or asapda*. 
tion persons, which location shall conform to the United States surveys: awd notfaing 
.ccmtain^ in ^is section shall defeat or impair any bona fide preSmption or homedead 
claim upon agricultural lands, or authorise &e sale of the improvements of any bona fide 
ea^r to any purchaser. 

87. Patents for lodes within pUcers. Where the same person, assodatioh or corpora¬ 
tion is ^ possession of a placer claim, and also a vein or lode induded witlsin t^ b^Oidh 
jgiss tiief^, s^idicatibn shall be made for a patent to the placer daim, udth tto stata- 

that it indudes sudi vdn or lode, and in auch oaaa a patmit aball iaine toe t|»e 
dkdhi, spbjeet to thoi^ovieiona of tUs dtaptm,.indu(ling such odn w lode, upop the 
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payioeat of fV im'MM lor ipdi v«iii or lodi 0 «iaiiD and 2$ f* a< MlfMw <m VMdi «id« ihanaf. 
Tho rwivriadar at tiu plaoor obum or moy plaoer olaiin not Mnbcndag any vain or loda 
olaim ahall be paid for at the rate of f2US0 per acre, tofeelher with all eoeta ii prooewtiaai; 
and where a rain or lode, aaoh aa ia deao ri bed in 128 la known to asdat witUn the boai^ 
ariea ot a plaoer ehum, aa aivUcatipn lor a patent for aueh plaoar daitn iMbidb doaa not 
include an application for the vein or lode claiin ahall be eonatoued aa a oondiMive dadara- 
tion that the claimant of the placer'claim haa no right of poaaeadon of the vein or lode 
claim; but where the exiatenoe of a vein or lode in a idaoer claim ia not known, a patent 
lor the placer cldm diall convey all valuable miuend and other depceita within the bound* 
ariea tlwreof. 

88 . Patentf obtained on adverae poaaaaaion. Where euoh perara or aaaooiatioa. they 
and tbdr graatora, have held and worked their elaima for a period equal to the time 
preacribed by the atatute of limitatiotis for miniag daima of die State or Territory where 
the aame may be aituated, evidence of such poaeeaaion and working of the olaima for such 
period shall be sufficient to establish a right to a patent thereto un^ thie chapter, in the 
abeence of any adverae claim; but nothing in this chapter shall be deemed to impair any 
Um which may have attached in any way whatever to aay nuning claim or property 
thereto attach^ prior to the issuance of a patent. 

39. Deputy iribnral eurveyota. Ezpenaes of eurvey and patent PnUicatioa of 
nofleea. Designation of newa^^per. Fees of officers. The U S Supervisor of Surveys 
may appoint in each land district oontaining mineral loads as nuray competent surveyors 
as shall M>ply for appointment to survey mining claims. The expensee of the survey of 
vein or lode cUums, end the survey and subdivision of placer claims into smaller quoa* 
titios than 160 acres, together with the cost of the publloation of notices, ahall be paid 
by the applicants, and they aball be at liberty to obtain the same at the most reasonaUe 
rates, and they shall also be at liberty to employ aay United States deputy surveyor to 
malte the survey. The Commisaioner of the General Land Office shall alw have powsr^to 
estabUidi the tne-ritnum ohargot for surveys and publication of notices under this chm>tw; 
and. in case of excessive charges for publication, he may designate any newqiaper pub* 
Hdied in a land district where mines are aituated for the publication of mining notices in 
■udi district, and fix the rates to be charged by such paper; end to the end that the Com* 
miasioner nu^ be fully informed on the subject, each applicant shall file with the register 
a mrom statement of all charges and fees paid by such ^iplioant for publication and sur* 
vsys, together with all fees and money paid the register of the land office, which statement 
riiall be transmitted, witii the other papers in the case, to the Commissioner of the General 
Land Office. 

40. Affidavits, before what offleeri to be made. All affidavits required to be made 
under this chapter may be verified before any officer authorised to administer oaths 
within the Itmd district where the claims may be situated, and all testimony and proofs 
may be taken before any such offiwr, and, when duly certified by the officer taldi^ the 
same, shall ^ve the same force and effect as if taken before the register of the land i^ee. 
In oases of contest as to the mineral or agricultural oharaoter of land, the testimony and 
proofs may be taken ae herein provided on pcnonal notice of at least 10 days to the 
oppewing party; or if such party can not be found, thoa by putdication of at least once a 
smek for 30 da^ in a newspaper, to be designated by the register of the land office aa 
publuhed nearest to the location of such land; and the register ahall require proof ^t 
such notice has been given. 

41. Cross-lodes and uniting veins. Where two or more veins intersect or cross each 
other, priority of titie shall govern, and such prior location shall be entitled to aU lure or 
mlne^ contained within t^ ^lace of intersection; but the subsequent loeati<» sfasU 
have the right of way through the qpaoe of intersection tm the purposes of the oonvenimt 
working of the mine. And where two or more veins unite, the oldest or prior location 
rfiiJl take the vein below the point of union, induding all the space of intersection. 

48. MUliltes, daases, patents for. Where non-mineral land not contiguous to the 
vain or lode is used or occupied by the proprietor of such vein or lode for mining or rufiHyg 
purposes, such non-adjacent surface ground may be embraced and included in an appUoa* 
tion for a patent for such vein or lode, and the same may be patented therewith, si^eot 
to the same preliminary requirements as to survey and notice as are apidioable to veiiia or , 
lodes; but no lo<»tion hereafter made of such non-adjaoent lend exceed 8 aeraa 
and payment for the same most be made at the same rate as fixed by this chapter fw that 
superficies of the lode. The owner of a quarts mill or reduction works, not owning a 
in connection therewith, may also re^va a patent for lua nuUsito. M provided in 
this section. ' 

48. 8tata legislatarei may pass snpplem«itaiy laws. As a condition bf sidn in the 
abssnoa of naosssary legiitation by Cougross, thol^ Isgiristuiwof any fitataor Tsnitoqr* 
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may pirovidA rule* for worUiis saiiMi, invotTing ea tementa, diminagB, snd 0 &ec. hbooi— ty 
^rio i ino to tbeir ooioptoto dovalogiiikeiii; and tlioM eondilioiui diaU bo fiiUy aipmoMd ia 
the phtent. 

44. Bomeeteads vpoa aiiaeial lead*. Wherever, apon the Ifeiide heretofore deatg- 
BMed ae aoineral laada, which have been eiolwled from aiuvey and aale, t^re have beco 
honeBteada xliade by dtiaena of the United Btatea,,or penona, who have deolbred th^ 
intention to become dtiaena, which homcateada have b^ made, improved and uaed foa 
aiyicultural puipoeea, and upon which there hare been no valuable mines of gold, diver, 
dnnabar, or copper diaoovei^, and which are properly agricultural lands, the settlers or 
owners (rf such homesteads may avail themadvea of tlw provtdona of Chap 7, of title 43. 
relating to " Homesteade.'’ 

iit Secretary of Interior may set apart agricultural landa. Upon the survey of the 
lands described in Art 44 of this title, the Secretary of the interior may designate and set 
^;>art such portions of the same as ue clearly agricultural lands, which lands shall ther»< 
after be subject to sale as other public lands, and be suhieot to all the laws and regulations 
applicable to the same. 

44. Additional land diatricta, eatabllahment of. The Preddent ia authorised to 
eatebiiah additional land diatricta, and to appoint the necessary officers under eadsting 
laws, wherever he may deem the aame neoesaary for the public convemcnce in executing 
the providona of this chapter. 

47. Construction of act, generally. Nothing contained in this chapter shall be con¬ 
strued to impair, in any way, rights or interests in mining property acquired under laws 
enioroed prior to July 9, 1870, nor to affect the providona of the act entitled "An act 
granting to A. Sutro the right of way and other privilegea to aid in the construction of a 
draining and exploring tunnel to the Comstock k>de, in the State of Nevada." approved 
July 26, 1866. 

' 48. Lands in eartain Stataa excepted. Except aa otherwiae provided under aectiona 
141-162, 181-194, 201-208, 211-214, 221, 223-229, 241, 261 and 261-263 of this title, the 
providone of aectiona 21-24, 26-^, 33-47, 61 and 62 of this title aholl not apply to the 
minoal lands dtuated in the states of Mich, Wia, send Minn, which except as otherwiae 
provided in this title are declared free and open to exploration purpoaes according to legal 
subdivisions, in like maxmer aa bdore the 10th day of May, 1872. 

The providona of this chapter ahsU not app^ to the mineral lands dtuated in the 
States of Mich, Wia, and Minn, which are declared froe and open to exploration and pur¬ 
chase, according to legal aubdividons, in like maimer as before May 10, 1872. And any 
bona fide entries of such lands within the States named dnee May 10, 1872, may 
patented without reference to any of the foregoing providona of this chapter. Such 
.imrfa ahall be offered for public sale in the aame manner, at the aame minimum price aa 
other public landa. Note: See also Section 48, relating to the excludon of depodia at 
coat, iron, lead or other minwal in the states of Mo and Kan. If interested, refer to tiie 
original section. 

50. Grants to States or eorporationa not to Indude mineral lands. No act passed at 
the first aeadon of the 38A congress, granting landa to Statee or corporations to aid in the 
conatruotion of roads or for other purpoaes, or to extend the time of grants made inior to 
Jan 80, 1865, shall be so construed as to embrace mineral landa, which in all oases art 
reserved exdudvely to the United States, unless otherwiae specially provided in the act 
or acta making the grant. 

81. Vested rights to use water for mining. Sight of way for canals. Whenever, by 
priority of posaeadon, rights to the use of water for mining puiposes, have vested and 
accrued, and the aame are recognised and acknowledged by the local customs, laws, and 
the HnniiiirtM of oourto, the poaseaaors and owners of auch vested rights ahall be maintained 

protected in the aame; the right of way for the construction of ditches and caM|la 
for the purpoaes herein apmified ia acknowledge and confirmed; but whenever any per¬ 
son, in the construction of any ditch or canal, injures or damagea the posaeadon of any 
aattler on the pubUo domain, the party committing auch injury or damage ahall be liable 
to the party injured for such injury or damage. 

88 . subject to veeted end accrued water rights. AH iMtente granted, or pre¬ 

emption or ho»wiw *—d B allowe, ahaU be subject to any vested and accrued vrater ri|^ts, 
or rights to ditches and reeervoira used in connection with such water righta, as may have 
been acQuir^ under or reoc^piiaed by Sec il of tbia title. 
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6. MnUNO LAWS BZTBNBED TO NOK-MUnSBAL LAUDS . 

4 

Suimnary of Unito^i States Code, Chap and Sec Headings 

Reference to the following Chapten and Sections of the U S Code, Title XXX, having 
no bearing on the apex law, but applying to Federal mineral lands, may be of intnest. 
Chap 3 of Title XXX refers to '* Land Containing Coal, Phosphates, Petroleum, Oil, Oil 
Shale, Oas, Sodium, Potassium, etc., and Building Stone." See sections 71-263 inclusive, 
togethm* with notes up to 1638 in the Cumulative Section of the U S Code. A copy of 
these sections is too voluminous for use in this Handbook. Sub-titles of CSiap 3 ace 
here given for reference: 

Entry on coal lands in general, sections 71-77. 

Entry under Non-miner^ Land Laws of coal lands, with reservation of coal to United 
States, sections 81-90. 

Entry under Mining laws of lands containing petroleum or other mineral oils or gas, 
sections 101-104. 

Homestead entry of lands in Utah withdrawn or olassifled as oil lands, seotions 111-113. 

Agricultural entry of lands withdrawn or clnssiiied as containing phosphate, nitrate, 
potadr, oil, gas or asphaltic minerals, sections 121-123. 

Lpeationa under Placer Mining Laws of lands, containing phosphate rock, section 131. 

Permits to prospect for chlorides, sulphates, carbonates, borates, silicates or nitrates 
of potassium, sections 141-152. 

Entry of building stone or saline lands under Placer Mining Laws, sections 161, 162. 

Disposal of lands in Alabama as agricultural lands, sections 171, 172. 

Leases and prospecting permits, subdivision 1, general provisions; sections 181-164, 
subdivision 2, coal; seotions 201-208, subdivision 3, phosphates; sections 211-214, sub¬ 
division 4, oil and gas; sections 221-236, subdivision A oil shale; section 241, subdivision'O^ 
Alaalfii. oil proviso; section 261, subdivision 7, sodium. 

Rote. All references in Chap 3 apply only to U 8 lands and the entry upon the same. 

9. THE BUREAU OF MINES 

(See also Chap 1, of Title XXX, sub-title “The Bureau of Mines," sections 1-11, 
seetiona 1 being given in full.) 

Section 1. Bureau of Mines, establishment, director, experts and other employes. 
There Is established in the Department of Commerce a bureau of mining, metallurgy 
Mid mineral technology, to be designated as the Bureau of Mines, and there shall be a 
director of said bureau, who shall be thoroughly equipped for the duties of said office, by 
technical education and experience and who shall be appointed by the President, by and 
with the advice and consent of the Senate; and there shall also be in the said bureau such 
experts and other employes, to be appointed by the Secretary of the Interior, as may be 
required to carry out the purposes of this chapter in accordance with the appropriations 
m^e from time to time by Congress for such purposes. Sections 2-11 inclurive codify 
Ihe Acta of Congress relating to the Bureau. An historical note on the Establishment of 
the Bureau will be found in Chapter 1 of the above Title, p 27. 

10. WITHDRAWALS OF PUBLIC LANDS 

The President may, at any time in his discretion, temporarily withdraw from settle- 
meat, location, sale or entry, any of the puUic lands of the U S, induding the District of 
Alaska, and reserve the same for water-power sites, irrigation, dassifioation of lands, or 
other pubUo purposes to be specified in the orders of withdrawals, and such withdrawab 
or reaervarions ahall remain in force until revoked by him or by an act of Congreaa. 

By act of Congress approved Aug 24, 1912, the act of June 26, 1910, was amended SO 
as to provide that all lands withdrawn under provision of the act ahal! at all times hs 
open to exploration, discovery, occupation and purchase under the mining laws " so fsr 
as the same apply to metalliforous minerals " (37 Stats at Large, p 497). 

11. REGULATIONS OF THE LAND DEPARTMENT 

' 

Origin and nature. Establidiment of the Department of the Interior was authoniaed 
by act of Congress, Mar 3,1849, and supervision of minsral lands wis trsnsferrsd to ths 
gttoeral land office in that department $ Stats at Large, p 396). 
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TUa dctMkrtiMBt, «oiaistiBg ei |3ui 9M*y of th« Intoriw, tbo Cominiiigoiwr of Ooiittal lAnd 
Offioo, tind th«ir aubordinwt^, ia » apadld tribunal, veatad with judicial powata to haar and datar> 
mine daima to pubtia landa, and with autihority to execute ita ju^menta by conveyaneaa to proptf 
daimanta. De^ona of tfaia department aa to qimtiona <d feet within ^ judadiction m tad; 
then ia no appeal to any court, nor tony the coorta'anticipate ita action nor take upon themadvea 
adminiatration of pid>Iie landa (lindley, p 1844). The department rulea, when not in'eonfiiot with 
the law, have die force and effect of laws, and oourta take juthcial notice of them. The dep't haa 
not power of itaelf to grant land, but to facilitate and consummate grants authoriaed law. Whon 
landa ara withdrawn by order ot Coniyees or lawful executive order, ita jurisdiotion ia auapended; 
and when landa have paaaed into private ownerahip and title haa been transferred from the govern* 
ment, ita authority vaniahea. Where the land officers have clearly mistaken the law of the case as 
applicable to the facta, courts of equity may give relief; but “where there is a mixed question of law 
and faict and the court can not ao aeparate it aa to aee clearly where the mistake of law ie, the deoiaioa 
of the tribunal to which the law haa confided the matter ie conclusive'' (Lindley, p 1 886). 

Cbuniffcatioa of claiins. There are two claasee: Lode claims and placer claims. 

12. LODE CLAIMS 

XMmeosioas. Under the law of 1S72, lode claims may have a maximum length of 
1 600 ft, and a maximum width of 600 ft, in no case exceeding 300 ft on each side of the 
vein at the surface. The owner of a valid location is also given all other veins of which 
the tops or apices lie within the exterior boundaries of his claim, provided they were not 
adversely claimed on May 10, 1872. 

Inltiatioa of title. No lode claim shall be located until after discovery of a vein or lode 
within the limits of the claim. Sufficient development work ia therefore required by the 
department to disclose existence of a vein, and if possible its general course and indica¬ 
tions that it contains viduable minerals. 

Location notice should give the course and distance as nearly as practicable, from dia- 
eovery shaft on the claim to some permanent, well-known points or objects, kuch as stone, 
monuments, blazed trees, confluence of streams, prominent buttes, hills, e^, in the imme¬ 
diate vicinity; also names of adjacent claims. A post or monument of stones should be 
erected at the discovery point or shaft, and at each corner of the ground claimed. Notice 
posted at the discovery ^ould give name of the lode claim, names of the locators, number 
of feet claimed and their direction from the discovery, and whether the claim thus staked is 
wholly or in part on one side of the discovery point. Location notice must be filed for 
record as required by the state or territorial laws and local miners’ rules, if any there be. 

Perpetuation of possessory title to a lode claim located since May 10, 1872, is main¬ 
tained by the performance of at least $100 worth of work upon it each calendar year'. 
This work ia not required after entry for patent. Failure to perform the required amount 
of work eubjects the claim to re-location, unless original locator or his heirs, assigns, or 
legal representatives, have resumed work before re-location. Non-contributing pMrtners 
may be " advertised out ” by publication of notice and summons in the nearest newspaper 
once a week for 90 days, or by personal notice in writing. If, 90 days after such notice in 
writing, or 180 days after first newspaper publication of notice, the delinquent partner 
shall have failed to contribute his proportion of expenditures for assessment work, his 
interest in the claim passes by law to those co-owners who have paid for the work. 

Method of procuring patent. The owner must first have a correct survey made of the 
claim, under the authority of the surveyor-general of the state or territory containing the 
claim. One copy of the plat of eurvey and one copy of the field notes shall be retained in 
the office of suhreyor-general, one copy of the plat given to the claimant for posting upon 
the claim, one copy of plat and field notes given to the claimant to be filed with the proper 
reipstm’, and finally transmitted by that official, with other papers in the case, to the land 
office, and one plat to be sent by the surveyor-general to the register of the proper land 
district to be filed for future reference. The plat is to be posted in a conspicuous place on 
the claim, toother with notice of patent application, containing date of posting, name of 
claimant, name of chum, number of the survey, mining district and county, and names of* 
adjoinhig and conflicting claims as shown by the survey plat. 

After poetlng notiee, the claimant shall file with the proper regiater and receiver a o<my of plat 
and field notes, together with affidavits of at least two credible witneasea that such plat ai^ notiee 
an^Jtotad eonspicuouaiy upon the claim, giring date and place of atieh posting; a copy of the notice 
so poitied to he attached to a«d form a port of said affidavit. The claimant must also make affidavit 
ihiat he hae posaessmy right to the premisaa deambed, by rirtue of a eomplianea upon fala post and 
t|At of hb gnu^ia ,(if he riaima by purchase) with the mining mice, regulationa and ceatoane of the 
imtrict and tile Mi^ ^p g laws of Congreaa. The affidavit must state the lasta coaptitettuig tush oour 
lffiaiaoei,'’the oriffih tif hb ‘^possession, ai^ the basis of his claim for patent. vThe vein or lode must 
1 m A%;^<d|lt)Hbed; the idei^ption 'to include a statement as to kind and ohanoter of mineraLMXtteit 
fuSBhWrVTOtiiec ofe has been extracted and of what amount and value, and such other laote » tijU 
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upport tha th»t the aUfan imttUw afawr4 dnjnwlt, t!h««ad»Tifc 

uuit !>• supported tgr • eopy ol uoh loostjloii aottss, eertUsd bp tlu ImsI sostodisa, of tbo Mootd 
tboroof. Slid abo by sa abotrsot of (itlo of oaoh dslia, eortiflod by tbo logoi oustodiaa of rooordi of 
trsaffero, or by » duly sq^orisod obstraoter of titleo. Tbo oortidoatoi anisti atato iJiat no ooMToy- 
anooi affootios or purportiag to affoot tbo titlo to tbo daim or daina appoar of raomd otbor thaa 
tboso oat fortb. Tbo rogiatar will tben, at oapaaae d tbo otainiant. pubUab a ootiao of tiia appUoatioa 
for 60 daya: after whiob period, upon furaidiiag aa affidavit of paUioatioB aad aoothar of posting 
upon tbs daim, sod a eartifioata d tha sarvayor-gaiwd taatifyiag to tha parfonnsiiaa d at laMt 
6600 worth d work upon tha oldm, tba ddmant may pay for tha land at rate d |6 pw aara, 
a reodpt, and racdving in due tima a patent, if tha papara are found to ba regular. 


18. PLACER CLAIMS 

Vntitrg. Aa in enss of lode elainu, a diaooTeiy of valuaMe mineral in place is neeee- 
sary before location of a placer claim. Proceedings to obtun patents for placer claims, 
including all forma of mineral depoaite, excepting veins of quarts or other rook in place, 
are similar to those prescribed for obtaining patents for vein or lode claime; but where a 
placer claim shall be upon surveyed lands, and conforms to legal subdivisions, no further 
surrey or plat will be needed. The price fixed by law for plawr claims is 82J}0 par acre 
or fraetioiud part of an acre. 

Placer api^catione should contain, in addition to the recitals necessary in and to both 
vein or lode and placer sppliostioiu, such detailed data as will support the claim that the 
Land applied for is placer ground containing valuable mineral depodts not in vein or lode 
forma^n, and t^t title is sought not to control water oourees or to obtain valuable 
timber, but in good faith because of the mineral therein. 

This statement, of course, must depend upon character of deposit, and natural features 
or the ground, but the following details should be covered as fully as possible: If the claim 

for a depodt of placer gold, there mxut be stated the yield per pan, or per ou yd, as 
Aown by prospecting and development work, distance to bedrock, formation and extent 
of the deposit, and aU odier facts upon which the applicant bases hie allepition that the 
claim is valuable for its deposits of placer gold. If a building-stone deposit, or deposit 
o&er than gold be claimed under the placer laws, applicant must describe fully the kind, 
nature and extent of depomt, stating the reasons why same is by him regarded aa a valuable 
mineral claim. He will also be required to describe fully the natural features of the 
claim; course of streams, amount of water carried, and amoimt of fall within the claim; 
also kind and amount of timber and other vegetation thereon, and adaptal^ty to mining 
and other uses. 

If the claim be all placer ground, that fact must be stated in the application and cor^ 
roborated by accompanying proofs; if of mixed placer and lodes, it should be eo set forth, 
with description of all known lodes situated within its boundaries. A gpeoific declaration, 
as required by section 37 of U 8 Code (gupra), must be furnished as to each lode intended 
to be eiaimed. All other known lodes are, by the silence of the applicant, excluded by law 
from aU claim by him, of whatsoever nature, poseesaory or otherwise. 

Further regulations by the Department provide for methods of proof and procedure 
rdative to miuaitee, dtsendiip, possessory riihti adverse claims, duties of deputy sui> 
vsyors, charges for pubiioation of notices, conduct of hearings on contests aad applioa* 
tions for entry, and various other matters of detail not neceaaaty to be quoted here. 


MINING LAWS OF WESTERN MINING STATES 

AND ALASKA 


14. CAUFORRU MIKINO ACT 

nte States ot Arts, Col, Cal, Idaho, Mont, Nev, New Max, N Dak, Ore, S Dak, Utah, 
Wash, Wyo astd have all adopted lawa for the working of minea, aecuting ot eeew* 

meats, tia, under authocity of Section 48 of the U S Code. Tbeee Btetutee were etatSd 
in foU in Sec ond Edition tlua Handbook, pp 1664-1667 and 1669-1683. As there are 
^hrnngmm ja these Statutes, it is tluni^t advisable to aet forth the laws of one 
typloal wfalwg State end refer to laws of other States by title only. The Califotxda Acts, 
ae MW ottntained in the Civil Code of 1937, and ainraded thro^ the fiSnd S smio n of 
the Oillf Letpdature of 1987, covering location and ttetbodi of looation ol mining gn 
thenfon MW given in foOL 
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California Ci^ Code, 1^7 (Beering) 

Lode deims, Imw located. 1426. Any peilwn, a dtiBen of the United Statee, oe 
-who haa declared his intention to become eudi, who discovers a vela or lode of quarto, 
or othiu- rook in place, bearing gold, nlver, cinnabar, lead, tin, copper, or other viduable 
deposit, majr locate a claim upon such vein or lode, by defining ^e boundaries of the daim, 
in the manner hereinafter described, and by posting a notice of such location, at the point 
of discovery,' which notice must contain: First, Name of the lode or claim; Stamd, Name 
of the locator or locators; Third, Number of linear feet claimed in length along course d 
vein, each way from point of discovery with width on each side of center of claim, ana' 
general couiae of vein or lode, as near as may be; Fourth, Date of location; Fifth, Such 
description of claim by reference to some nattural object, or permanent monument, as will 
identify the claim located. 

Boundaries and extent of lode daim. 1426a. The locator or locators of any lode 
mining claim must define the boundaries of such claim so that they may be readily traced, 
but, in no case, shall the claim extend more than 1 600 ft along the course of the vein or 
lode, nor more than 300 ft on either side thereof, as measured from the center line of the 
vein at the surface. On all lode mining claims made after this Act takes effect and within 
60 days after the location of the claim, the locator or locators shall erect at each corner of 
the claim and at the center of each end line, or the nearest accessible point thereto, a post 
not less than 4 in diameter, or a stone monument at least IS in high. 

Record of location of lode daim. 1 4266. Within 30 days after the posting of his 
noti<» of location upon a lode mining claim, the locator shall record a true copy thereof 
in the office of the county recorder of the county in which such claim is situated, for which 
service the county recorder shall receive a fee of $1. 

Placer daim, location of. 1426c. Location of a plao4r claim shall be made in the 
following manner: By posting thereon, upon a tree, rock in place, stone, post or monu> 
ment, a notice of location containing the name of claim, name of locator or locators, date 
of location, number of feet or acreage claimed, such description of claim by refefenee to 
some natural object or permanent monument as will identify the claim located, and by 
marking the boundaries so that they may be readily traced; provided, that where the 
United States survey has been extended over the land embraced in the location, the claim 
may be taken by legal subdivisions, and no other reference than those of said survey shall 
be required, and the boundaries of a claim so located and described need not be staked 
or monumented. The description by legal subdivisions shall be deemed the equivalent 
of marking. 

Record of location of placer daim. 1 426d. Within 30 days after posting of notice 
of location of a placer claim, the locator shall record a true copy thereof in the office of the 
eounty recorder of the county in which such claim is situated, for which service the recorder 
shall receive a fee of $1. 

Discovery shaft. 1426da. On every lode mining or placer daim, located after this 
Act takes effect, the locator or locators thereof shall, within 90 da>'s after the date of 
location, sink a discovery shaft upon such daim at the point of discovery to a depth of at 
least 10 ft from the lowest part of the rim of such shaft at the surface, expomng the deposit 
upon which discovery and location is based, or shall drive a tunnel, adit, or open cut upon 
•uch claim at the discovery point to at least 10 ft below the surface, ezpomng the deposit 
upon which such discovery and location is based. 

Placer locations, work on. 1 426db. On all placer mining locations containing more 
than 20 acres, locat^ after this Act takes effect, the locators thereof shall, within 90 days 
after date of location, perform at least one dollar’s worth of work for each acre included in 
•uch daim. This work may all be done at one place on the claim if so desired, and must 
be actual mining development work, exclusi've of cabins, buildings, or other surface 
structures. Nothing in tliis section shall be construed as a modification of the requirements 
of Sec 1426da of this Code. 

Relocation of lodes or placers. 1 42dde. The relocation of any lode or placer mining 
location which is subject to relocation, shall be made in the some way as an original loca> 
timr as hetein required by law to be miuto, except that the rclocator may either sink a new 
shaft upon the ground relocated at the discovery point to the depth of at least 10 ft from 
the’lowest part of the rim of such shaft at the surface, exporing the deposit upon which 
location is based, or drive a new ttmnel, adit, or open cut upon such ground at ths pcmt 
iff discovery to at least 10 ft below the surface, exposing the deposit upon which location 
Is based; or the rdocator may rink the original discovery shaft 10 ft deeper than it is at 
the time of rrilooation,jer drive the original tunnel, adit, or open cut 10 ft farther. 

Tnnitol. right, location of. 1 426e. Locator of a tunnel riidi^t or location rixaU locate 
it Iqr^jpostlng a aotioe at the face or point of commencement of tim tun&ri. wfaieh must 
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contain: PirH, Name of locatm- or locatora; Second, Date of location;,, Third, Proposed 
courae or direction of tunnd; Fourth, Deacription of tunnel, wiU> reference to some natural 
object olr permanent monument aa idmlFidentify the claim or tuxmel right. 

Boundaries of tunnel location. 1426/. Boundary lines of the tunnel ahall be estab¬ 
lished by stages or monuments placed along the linee at an interval of not more than 
600 ft from the' face or point of commencement of the tunnel to the terminus at 3 000 ft 
therefrom. 

Record of tunnel location. 1426g. Within 30 days after posting notice of location 
of tunnel right or location, the locator shall record a true copy thereof in the office of 
t&e county recorder of the county in which such claim is situated, for which service the 
recorder ^all receive a fee of $1. 

Amended notice of location. 1 426h. If at any time the locator of any mining churn 
heretofore or hereafter located, or his assigns, shall apprehend that his original location 
notice 'was defective, erroneous, or that the requirements of the law had not been complied 
with before filing; or in case the original notice was made prior to the passage of this act, 
and he shall be desirous of securing the beneht of this act, such locator, or his asdgns, may 
file an additional notice, subject to the provisions of this act; provided, that such amended 
location notice does not interfere with the existing rights of others at the time of posting 
and filing such amended location notice, and no such notice, or the record thereof, rimU 
preclude the claimant, or claimants, from proving smy such title as he or they may have 
held under previous locations. 

Record of survey of mining claim is prims facie evidence. 1426t. Where a locator, 
or lus assigns, has the boundaries and corners of his claim established by a United States 
deputy mineral survey, or a licensed surveyor of this state and his claim connected with 
a corner of the public or minor surveys of an established initial point, and incorporates 
into the record of the claim the field notes of such survey, and attaches to and files with 
such location notice, a certificate of the surveyor, setting forth: First, that said survey 
was actually made by him, giving the date thereof; Second, the name of the claim surveyed 
and the location thereof; Third, that tlie description incorporated in the declaratory 
statement is sufficient to identify; such survey and certificate become a part of the record, 
and such record is prima facie evidence of the facts therein contained. 

Millsite, location of. 1 426f. Proprietor of a vein or lode claim or mine, or owner of 
a quarts-mill or reduction works, or any person qualified by the laws of the United States, 
may locate not more than 5 acres of non-mineral land as a millsite. Such location shall 
be made in the same manner as hereinbefore required for locating placer claims. 

Record of location of millsite. 1 426A;. Locator of a millsite claim or location shall, 
within 30 days from the date of his location, record a true copy of his location notice with 
the county recorder of the county in which such location is situated, for which service the 
recorder shall receive a fee of $1. 

Annual labor required. 1 426f. The amount of work done or improvements made 
during each year to hold possession of a mining claim shall be that prescribed by the laws 
of the United States, to wit: $100 annually. 

Record of proof of annual labor. 1 426m. Whenever a mine owner, company, or 
corporation shall have performed the labor and made the improvements required by law 
upon smy mining claim, the person in whose behalf such labor was performed or improve¬ 
ments made, or some one in his behalf, shall within 30 days after the time limited for per¬ 
forming such labor or making such improvements make and have recorded by the county 
recorder, in books kept for that purpose, in the county in which such mining claim is 
situated, an affidavit setting forth the value of labor or improvements made, the name of 
the claim, and the name of the owner or claimant of said cUim at whose expense the same 
was made or performed. Such affidavit, or a copy thereof, duly certified by the county 
recorder, shall be prima facie evidence of the performance of such labor or the making of 
such improvements, or both. 

Fee for recording proof of labor. 1 426n. For recording the affidavit herein required, 
the Cotmty Recorder diall receive a fee of 10 cents per folio, 20 cents for endorsement, 
and 10 cents for indexing the name of each claim and each owner. 

Forfeiture to coH>waers. Contribution by delinquent co-oimers. 1426o. When- 
,ever a co-owner or co-owners of a mining claim shall give to a ddlinquent conewner or 
co-owners the notice in writing or notice by publication provided for in section 2 324, 
Reviaed. Statutes of the United States, an affidavit of the person idling such notice, 
stating the time, place and manner of service, and by whom and upon whom such service 
was made; shall be attached to a true copy of such notice, and such notice and affidavit 
must lie recorded in the office of the county recorder, in bopks kept for tiiat puipose, in 
the county in which the claim is situated, within 60 days after the giving of ntch notice; 
iae the recording of which, said recorder shall receive the same feer ai are now allowed by 
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law for TMording deeda; or if such notice i« pven by publication in a newapap^, there 
dudl be attached to a printed copy of such notiee an affidavit of the printer or hia foreman, 
or principal clerk of auch paper, atating the date of the firat, laat and each inaertion of 
each notiee therein, and where the newapaper waa published during that time, and the 
name of such newspaper. Such affidavit and notice shall be recorded as aforesaid, within 
180 dajra after the first publication thereof. The original of such notice and affidavit, 
or a duly certified copy of the record thereof, shall be prima facie evidence that the delin¬ 
quent mentioned in § 2 324 has failed or refused to contribute his proportion of the expendi¬ 
ture required by that section, and of the service of publication of said notice; provided, 
the writing or affidavit hereinafter provided for is not of record. If such delinquent 
shfdl, within the 90 days required by § 2 324 aforesaid, contribute to his co-owner or 
co-owners, his proportion of such expenditures, and also all costs of service of the notice 
required by this section, whether incurred by publication charges or otherwise, such 
co-owner or co-ownoia shall sign and deliver to t^e delinquent or delinquents a writing, 
stating that the delinquent or delinquents by name has within the time required by § 2 324 
aforesaid, contributed his share for the year ...., upon the .... mine, and further stating 
chertin the diatriet, county and state wherdn the same is situated, and the book and page 
where the location notice is recorded, if said mine was located under the prbvisions of 
this act; such writing shall be recorded in tlie office of the county recorder of said county, 
for whicn he shall receive the same fees as are now allowed by law for recording deeds, 
if such co-owner or co-owners shall fail to sign and deliver such writing to the delinquent 
or delinquents within 20 days after such contribution, the co-owner or co-owners so failing 
as aforesaid shall be liable to the penalty of $100, to be recovered by any person for the 
^Use of the delinquent or delinquents in any court of competent jurisdiction. If such 
co-owner or co-owners fail to deliver such writing within the said 20 days, the delinquent, 
with two disinterested persons having personal knowledge of such contribution, may make 
affida^nt setting forth in what manner, the amount of, to whom, and upon what mine, 
such contribution was made. Such affidavit or a record thereof, in the office of the county 
recorder, of the county in which such mine is situated, shall be prima fade evidence of 
such contribution. 

Records to be received in evidence. 1 426p, The record of any location of a mining 
elaim, millsite or tunnel right, in the office of the county recorder, as herein provided, 
shall be received in evidence, and have the same force and effect in tlie courts of the state 
as the original notice. 

Copies of record as evidence. 1 426^. Copies of the records of all instruments required 
to be recorded by the provisions of this act, duly certified by the recorder, in whose custody 
such records are, may be read in evidence, under the same circumstances and rules as are 
’ now or may be hereafter provided by law, for using copies of instruments relating to real 
estate, duly executed or acknowledged or proved ami recorded. 

Effect of act on mining districts. 1 426r. The pravisions of this act shall not in any 
manner be construed as affecting or abolishing any mining district or the rules and regula¬ 
tions thereof within the state of California. 

1 dSfira. Failure or neglect of the locator or locators to comply witl) the requirements 
of Sections 1 426, 1 426a, 1 426da, 1 426d&, or 1 426dc, of this Code, shall render such loca¬ 
tion null and void, and no portion of the area within such location shall be subject to 
relocation by the same locator or locators within the period of three years from the date 
of such void location. 

Failure to perform annual labor—Relocation void. 1 426«. The failure or neglect 
of any locator of a mining claim to perform development work of the character, in the 
manner and within the time required by the laws of the United States, shall disqualify 
such locators from relocating the ground embraced in the original location or mining claim 
or any part thereof under ^e mining laws, within 3 years after the date of his original 
loeation and aixy attempted relocation thereof by any of the original locators shall render 
such loeation void. 

12. All acts tmd parts of acts in conflict with this act are hereby repealed. 

§ 3. This act shall take effect and be in force on and after July 1, 1909. 

The California mining law has been quoted in full as being one of the more recent 
expressions of state legislation on the subject of the location of mining claims, upon the 
publie domain, within the particular states. 

Laws of 1927, Chap 128, Art IIj, created a State Department of Natural Resources. A Chief 
«f thyisipn tiiall bein oiiarge of the Division of Mines and Mining, who shall be known as the State 
Mineralotist. 

, ! Laws at 1929, Chop 280. provided for annual reports by mine owners, and lessees to tits fitate 
%neral(wt, at bis request. Tbs word "mining” includes all mineral, oil or gas bearing 
prepertp.' 
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Lvn tA 10$1, Qmp 480, iiroTiilft for fiBug with the Depertment of FinuMw Mtoaa} reporti <m the 
number of tone of minente token from lakee and etreaina. A royalty of 2S4 per tpa la provided f<Hr. 

Lawe of 1933, Chap 161, require «nployere oi minera to have euffioient eaBeta on hand with whiA 
to pay wages of miners before the start of any wage period. 

Laws ^ 1938, Chap 482, provide for recording of grubstake contracts and prospeetbw agree¬ 
ments. 

Otiier Laws have been and will be from time to time passed, but the preceding statements cover 
the most important of the California Mining Acts. Special provisions for the location and sale or 
lease of state mineral lands have also been passed by Calif, Mich, Minn, Nev, N Y, Tex, Wis^ uhI 
some other states. 

16. REFERENCES TO FEDERAL MINING LAWS OF OTHER STATES 

AND ALASKA 

Arizoim. Revised Code (1928), Chap 51, Secs 2 266-2 277 

Colorndo. Annotated Statutes (1936), Chap 110, Sec 168, pp 133 et ss^ 

Idaho. Annotated Code (1932), vol 3, Title 46, pp 168-206 

Montana. Revised Code (1935), vol 3, Chap 95, Secs 7 365-7 380 (see also repealing 
Statutes Laws, 1937, Chap 148) 

Revada. Compiled Laws (1929), with 1934 supplement, vol 2, Secs 4 120-4 144 . 

Hew Mexico, Statutes Annotated (1929), Art 1 (see supplement, 1938, pp 444 - 447 ) 

Horth Dakota. Compiled Laws (1913), with 1925 supplement. See Supplement 
Index, pp 1884-1888 

OngoxL Code Annotated 1930, vol 3 and 5 (containing 1935 supplement) 

South Dakota. Compiled Laws (1929), Secs 8 707-8 756 

Utah. Revised Stetutes (1933), Title 55, pp 664 et aeq 

WasUngton. Remington’s Revised Statutes (1932), vol 9, Secs 8 615-8 636 (see sup¬ 
plement, 1935) 

Wyoming. Revis^ Statutes (1931), with 1934 supplement, pp 1106-1 114 

Allfk", Compiled Lawe (1933), Secs 321-367 
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16. HOW MINING RIGHTS MAY BE ACQUIRED 

Discovery is the first and pevelopment the second condition of the right of pos¬ 
session. Baileck says; “ Discovery is made the source of title, and development, or 
working, the condition of the continuance of that act.” Just as there can be no valid 
appropriation of a mining claim without antecedent discovery, so in all of the mining 
states, except California and Utah, a certain amount of development work is essential to 
the completion of a loc.'>uon. In addition to this preliminary work, a certain amount of 
labor and improvement is required as a condition to perpetuation of possessory title. 
This amount is fixed by the national law at $100 worth annually, and is by different states 
made to apply to other improvements than actual excavation, or translated into an 
equivalent in hours of labor. 

In the ease of Butte Superior Coal Co v» Clark- Montana Co, decided Meh, 1919 (249 U S 12) 
the court held that "priority of right ia not determined by date of entries or patents of the respective 
olaiaia, but by priority of discovery and location, which may be shown by testimony other than the 
eniiiee and patents," and that "a failure of the earlier location notices to comply with the state lew 
is imniaterial if the junior locator, at the time of locating, knew that the earlier locator was in 
possession and working his claim.”. See also Cole v» Ralph (282 U S 287), decided Mch, 1920, over¬ 
ruling Work Mining & Milling Co vs Doctor-Jack Pot Co (104 Federal, 620). 

Pogting of notice is not specifically required by the federal htw. Such formality ig. 
however, made one of the steps preliminary to completion of location by the laws of 
practically ail the mining states; and the place and manner of posting are often prescribed 
It ia, moreover, in some instances q>ecifi<uiUy provided that the location shall be void if 
tUs requirement be not complied with. It is therefore advisable in each case to read 
carefully the local or state regulations. 

Marking of location on the ground, so that its boundaries can be readily trtused, is onq, 
of the requirements of the federal statute. This law has been supplemenbsd by umst of 
the milling states; and the number and character of stakes and monuments are specif^. 

Reeog^ng notice of location is not demanded by the national law. |but is necessary 
under the laws of all the mining states. The time allowed ia which to record varies frOB*', 
30 days after date of discovery to 90 days after location. Here, also, care ia needad. ... 
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17. HOW MINXirO lUGHTS MAT BE LOST 

Fodoitara of a Buning clum may be oauaed by failure of the claimant to perfonn any 
of the acta required by the laws for maintenanoe of poaseaaion. (Undley, p 15^.} 
Abandonment likewise results in loss of mining rights. Judge Lindley rmnuks: 
"Abandonment operates instanter. Whore a miner gives up his claim and goes away 
from it without any intention of returning, and regardless of what may be come of it« or 
who may appropriate it, an abandonment takes place, and the property reverts to its 
original status as part of the unoccupied public domain.’* (Lindley, p 1 507.) "Abandon* 
ment is always a question of intention. In forfeiture the element of intent is not involved." 
Resumption of work in good faith before initiation of possessory rights by others operates 
to*prevent forfeiture. 


18. PATENT PROCEEDINGS 

Patent is the deed or grant of the U S, conveying the title authorised to be given by 
the mining or other land laws. It establishes the character of the land which it conveys, 
and is conclusive evidence of performance of all necessary steps leading to its issuance. 

Land Department is that quasi-judicial tribunal which has exclusive jurisdiction over 
the disposition of lands of the public domain under the laws of Congress and the super¬ 
vision of the Department of the Interior. The department consists of the Secretary of 
the Interior, the Commissioner of the General Land Office, and subordinate officers, such 
as registers and receivers of land offices, and surveyors-general. These officials are 
appointed by the President, the former for the term of four years; the latter for no fixed 
period. The surveyors-general may appoint deputies who are subject to the approval of 
the land commissioner. 

First step in proceeding to obtain a patent for mining land from the U S is to make 
application for a survey. The application, addressed to the surveyor-general of the dis¬ 
trict, must be signed by one of the claimants or legal attorney in behalf of all the petitioners, 
and should contain: 

1. Name or nam^ of the claimants in'fuU. 

2. Name of each location embraced in the application. 

8. Names of the mining district, state, and county in -which the claim is located. 

4. Name of the U S deputy surveyor to whom the order is to be issued. 

Applicant must also furnish a copy of the location notices of each location to be 
embraced in the survey, each duly certified by the proper recording officer, and similar 
copies of each amended location. A deposit must be made to cover estimated cost of 
fees in office of the surveyor-general. The claimant may employ any deputy minwal 
surveyor in the district. Fee for the survey is additional to the amount deposited witb 
the surveyor-general, and is adjusted between deputy and claimant by mutual agreement. 

In making the survey the following particulars are to be observed: 

1. Exterior boundaries of claim, number of feet claimed along vein, and, as nearly as possible, 
direction of the vein, and number of feet claimed on it, in each direction from point of discovery. 

2. Points of intersection of eurvey linee with those of any conflicting prior surveys. 

3. Conflicts with unsurveyed claims, where applicant for eurvey does not claim the area in oonfiist. 

4. Total urea of claim, and also area in oonfliot with each intersected survey. 

5. If claim is situated within two miles of any oorncr of a public survey, the plat and Held notes 
must show a line connecting the daim with such corner; if there be no such corner within two miles, 
it must be connected with a U S mineral monument. (Sec 17, Art 16, of this Handbook.) 

6. End lines of each claim embraced within the survey must be made paraUel. 

Where placbsr claxub are upon surveyed lands, and conform to legal suMivinons, 
no further survey or plat is required. If a known lode exists within the placer, it must be 
described in the survey, and surveyed as though it were situated elsewhere. 


19. ADVERSE CLAIM 

‘ Aay'ferson userttng an adverse mineral right to all or some portion of the land lot 
wMeh i>atent is sought may file an adverse claim thereto. "Adverse proceedings ars 
eaQed for only where one mhieral claimant contents the right of another mineral 
elkimant." Controversios over the character of tire land, t c, whether mineral or agri- 
didinrat ^eto, are not-pfbper subjects for advene clsims; but may be heard by the land 
AqMUtment wider the head of protests. The adverse claim riiall show the nature, 
bomdktiea and extent of the claim, and all proceedings, exc^t the publication of notios 
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md maJring and of tibe affidavit theraof, shall be stayed antO the ooatrovway shid} 
have been settled cur decided by a ^ourt of oompetoit jurisdiction, or tixe adverse 
waived. Except in Alaska, adverse claims must be filed prior to tiie eipiratifni of the 
00 days allow^ by law for publication of the appUcation notice; in Alaidca, they may 
be fiM during tiie time of puUication or witiiin 8 months there^ter. llie claim must 
be filed with the register and receiver of the land office in whose district the land is iitaated. 
Within 30 daye the adverse claimant must then begin action in a court of competent 
jurisdiction, to determine the question of right of possession, and prosecute the same to 
final judgment. The jurisdiction to try such cases involving titiie to real estate k in the 
state courts; and such actions are almost invariably heard by such courts. Where no 
action is commenced in court before the expiration of the 30 days, the land department 
may proceed as if no adverse claim had ever been filed. 

20. NATURE OF TITLE CONVEYED BY MINERAL LODE PATENTS 

Patent to a lode claim conveys; 1. Exclusive right of possession and enjoyment of 
all the surface included within the limits of the location, os described in the patent, sub¬ 
ject only to pre-existing easements. 2. All veins, lodes, and ledges throughout their entire 
depth, the tops, or apices, of which lie within the boundaries, the right to pursue the vein 
in depth outside of such boundaries being limited, however; <* »■ * v 3 . Prima facie, such 
a patent confers the right to eveiything found within vertical planes drawn through the 
surface boundaries; but these boundaries may be invaded by an outside lode locator 
holding the apex of a vein under a regular valid location, in working his vein on its down¬ 
ward course underneath the patented surface (Lindley, p 1 897). 

Placer patent conveys to the patentee everything within vertical planes drawn down¬ 
ward through the surface boundaries, excbpt: 1, such lodes or veins whose tops or apices 
are withfn the placer limits, whose existence was known prior to the filing of the application 
for placer patent, and were not included in the placer appUcation; 2, such segments of 
veins having their tops or apices elsewhere, as may underUe the placer surface, and which 
may lawfuUy be taken by tiie apex lode locator under a regular vaUd lode location, pur¬ 
suing his vein on its downward course. In the last class of cases the question of priority 
of location is wholly ^lnunpo^tant (Lindley, p. 1 915). 

21. EXTRALATERAL RIGHTS 

Probable mlgin. The right given by the mining laws of the U S to follow the vein' 
beneath the surface of land own^ by another was aptly termed the “ extralateral right *' 
in an early discussion by Dr. R. W. Raymond {Trana A 1 M E., Vol 12, p 387), and has 
passed into current use in legal phraseology. This provision of the law has given rise to 
interminable Utigation; and in its interpretation volmnes of opinions have been fiimisbed 
by the courts and writers of law books. The manner of its introduction into our iQ^stem 
of laws does not seem to be clearly understood. It is at variance wdth the Spaniih and 
Mexican codes, and, outside of the U S (so far as we have been able to find), exists only in 
the code of Southern Rhodesia. 

However, Thomas T. Read, Professor of Mining at Columbia, under date of June 2,1030, makes 
the following comments: "The extralateral rights associated with the law of the apex were not 
entirely without precedent. In Bolivia in the 16th century, eapecially at Potoef and Maohaeamarea, 
the claim owner was privileged to extend hie workings in any direction, provided only he did not 
eroes the workings cf any other operator. This led to so many difficulties that the square claim was 
later adopted. In the tin deposite of Yunnan province, China, a eimilar arrangement has prevailsd 
since time immemorial, with eimilar result. In both cases, the depoeit muat be followed down from 
tne surface; only in the U S was it possible to trace a depoeit discovered underground back to a 
possibly hypothetical surface outcrop and thereby estatdieh a claim to it.” 

Extralateral rights were also tried for a long period by the Germane in the sixteenth and seven¬ 
teenth centuriea, where a sort of inclined location was allowed, the miner having the right not only 
(o follow the vein beneath the aurface, but having also 7 lachter (about 25 or 30 ft) on each ride of tbs 
vein, parailal to its widls, within which to work (R. W. Raymond, “Mineral Reeouroee." 1860, p*l95)t 
but it wse there abandoned beoauae it gave rise to so much litigation. It was later tried for a short 
time in British Columbia, but promptly given up, for the same reason. (J. M. Clark, Trans AIM E, 
Vol 63, p 617.) It may have arisen in the U S from the faet that our laws resulted from the local 
rules of the miners, and that these rules w«e a product of the evolution and devriopment of th« 
weetern mines, starting with surface rights only, and at first solely with refercnoe to placers, andl^ 
being later extended to lodes. Each man loeat^ his vein and rimed to work it regs^eea <8 Itl ‘ 
dip or inequalities and without interference with or firom his nrighboni. In many diatriots, morw' 
over, tbere was * general theory, st least in early days, that the yrins were all parallel to aneh other 
in dip and strike; and such eomplexities of steucture and uncertainty in mining as SLfterwsrd devel¬ 
oped could not have been foreseen. 



EXTBALATEIiAL RIGHTS 


24-^1 


BctnUtMal law ia now ecmtained in Chap 2, Title XXS;. U 8 Code given iii fuU, Ait 7. 
. herein. Section 28 provides that end lines of each chum shall be paraH^ to each other. 
It is not believed that this provision of the law operates to defeat extraiateral rights, 
where end lines converge. It has also been held that end lines must not be broken 
(tiindley, p 863); but the universality of this rule seems to depend somewhat on ite 
, definition of “ end lines," and relation of the apex of the vein to such portioxu of the end 
, lines as are parallel. A concise summary of court decisions relative to the vexed Questions 
of extraiateral rights was published by Judge Clayberg (California Law Beview, May, 
1913; M & M Jour, Sep 20, 1913, pp ^7-643), and is quoted tn ertenao below: 

Ideal claim defined. An ideal quarts mining claim is a portion of mineral land, 1 500 ft 
or less in length, along the vein, and 600 ft or less in width. Fig 1 illustrates the surface 
of such a claim, riiowmg the apex and course of the vein, and the side and end lines of the 
dsiin. Fig 2 illustrates a cross-section of such claim, showing the vertical side lines 
thereof, and the dip of the vein. The statute, by its terms, seems to refer only to an ideal 
location, with the vein on its course or strike passing 


through its two parallel end lines. The planes of the 
end hnes, dropped downward perpendicularly, and 
extended in their own direction until they intersect the 
exterior portions of the vein, bound the extralateral 
rights on such vein. In actual mining, however, an 
ideal location is the exception rather than the rule. 
Such conditions result from .the inability of the locator 
to determine the actual course or itrike of the vein at 
the time of completing his location. As a matter of 
fact, the locator of a mining claim usually judges such 
course or strike from a small portion of the vein disclosed 
in his place of discovery. It is almost impossible to 
determine correctly the true course or strike of a vein 



Fig 1. Ideal Location 


End Line oogtarfsee 



Fig 2, Cross-section, Ideal Claim, 
■Showing Dip 


from such a small exposure. Ve'ns are irregular in their course or strike, and may be 
found running through the earth in almost every conceivable direction. 

Principles of extraiateral rights. The application of the law of extraiateral rights, as 
provided for by the Act, to the varied conditions which have presented themselves, 
it^panding on the course or strike of the vein within the surface boundaries of the location, 
and the form or shape of the location itself, has been the source of prolific litigation in the 
minin g regions of the U S. In applying this statute, certain well-established prindples 
must be always be borne in mind, as follows: 

1. The Wmo of extraiateral rights is the existbncb or the apex of vein within surface 
boundaries of the location, dropped downward perpendicularly, and therefore their extent 
^^inng the vein should always be limited by the extent of the apex within the claim. This 
is recognized by Supreme Court of the U S in Del Monte Mining Co vs Last Chance Min¬ 
ing Co (U S, 55) in which the court says: 

In the questiona presented, we are dealing eimply with etatutoiy rights. There is no 

showing of any local customs or rules affecting the rights prescribed by the statute, and beyond the 
terms of the statute, courte may not go. They have no power of legislation. They can not aaadine 
of any natural equity, and rule that by reason of such equity a party may folltw a v|in 
Into territory of hie neighbor and appropriate it to bis own use. It cases arise for which Congress 
bM no provision, the courte can not eupply the defect. Congrew having prescribed the con¬ 
ditions upon which extraiateral rights may be acquired, a party must bring himself within those 
^^ diti on s. or dee be content with eimply the mineral beneath his surface. It ia tr^ that tbs primary 
of the statute is the disposal of the mines and minerals, and in interpreting etatete this 
purpose must be given effect. Hence, when a party baa acquired title to {he ground ^thin wbcee 
sorfaon area ia tbs apex of a vein, with a few or many feet along its course, a right to follbw that vrin 
imits lor the ft"* length should be awarded to him if it can be done under any fair and natural 
eomtr^oatff the lan^ageof the statute. If the surface was everywhere level, and veine oonatantly 
uunued a stralriit fine, there would be little difficulty in legislation to provide for all contingenoiee; 

•»v*eeg».a.w •• I ^ ___ ._sdoi. estvSIrm aI 
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vaiaa is u irngaUr m ih* surf Me, so Uiet mtaty eaaM autjr wiie in uliidi etntatevjr ^evidiOM foil to 
•eeura to a diaooMrer ot a ▼ain au^ an amount tbareof aa aquitaUjr it would aaemiM ought to raeaive, 
Twanty-ona Mining Co •« Biztaen to One Mina, 255 Fad 658 (Fab, 1019), bald that in foUowing a 
veto down beyond ita ddewaUa, the owner <ft the apex may extend hia working beyoxkd the walla (d 
the vain, if neoeaaary for ita proper economical working. 

2. In order tiiat extralsteral rights exist in any location, its bns unbb ictisT 
TASAiiUBv (See 2 320, U S Rev Stats, Iron Silver Mg Co, va Elgin Mg Co, 118 17 S, 196)., 
It is not held that the end lines of a mining location most be parallel in order that su^' 
location be valid, but only that they must be parallel in order to give extralateral rights to 
any vein, the apex of which may lie within the surface boundaries of such location. A 
prospector has the general right to make his location in such shape as he denres, and it 
will be held valid if he has otherwise complied with the law. It has also been decided that 
the parallelism of the end lines need not be mathematically accurate; that a substantial 
parallelism is all that is necessary. 

In the o&ae of Iron Silver Mining Co «* El^n Mining Co, the location involved was one of peculiar 
character (Fig 3). The lines marked end lines on the location, and which were parallti, were not 
the lines of the location through which the vein passed on its course, and therefore not end lines 
governing extralateral righta. The peculiar condition of the apex of the vein was probably occasioned 
by erosion. The vein lying very nearly horis, forces of nature had disintegrated certain portions 




thereof, by wearing out a gulch, which, of necessity, caused a portion of the apex of the vein to recede 
from the line formerly occupied. 

The only method of discussing extralatersl rights clearly is by considering the various conditions 
which may proMut themselves, end applying the law to each condition, aa follows: 

1. Ideul location. When apex of a vein on its course passes through both end Unes of a 
location, which are parallel to each other, the extralateral righta to such vein are clrarly 
dc^ed by the statute, and are bounded by the vert planes of the end lines extend^^ in 
thdr own direction until they intersect the exterior portions of the vein. This condition 
is illustrated in Fig 1 and 2, and nbeds no further comment. 

2. Outcrop cutting both aide Unes. Where apex of a vein on ita course passes throng 
both aide lines of a location, which are parallel to each other, the U S Supreme Court has 
de^ed that the side lines of the location become end lines, for the purpose of determining 
extralateral righta to the vein, and such rights are bounded on fhe strike of the vein by 
vert planes from such side-end lines extended in their own direction until they intersect tiie * 
exterior parte of the vein (Flagstaff Mg Co va Tarbett, 98 U S, 463; King sa Amy Silver*, 
smith Co, 152 U S, 222). This condition is clearly disclosed in Fig 4. 

8. Outcrop cutting two diverging boundaries. Where apex of a vein on its ooum 
crosses two boundaries of ajoeation diverging from each other in <hreotion,of the dip !6f 
the vein, in nur opinion no extralateral rights cmi exist, because the mtd lines ate Biot 
psridlel, and one is only entitled to so much of the vein on its dip as he has length crfjapet ' 
thereof witiiin hia surface lines. If the apex of a vein within the boundariM of a loeaticm is 
a oertiun number of feet in length, equitably the owner of such location shoi^d |;iyj^ 
the same number of feet on the strihe of tiie vein extralateraDy, 4t any depth, and no mc^ 
<33 Mont, 46). See Fig 5. : ' ; 
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Fig S. End Lion Divn^og CQ the D{p 


4. Outers cutting Wo convor^^^ boundaiies. Where the apex of u, vein tnroBMe two 
boundaries of a location %hioh converge toward each other in the direction of 1l)>« it 
has beui hrid; in' the ease of Carson City. Gold 
Mining Co ea Nortir Star Mining Co (86 Fed, 658), 
that the eztralateral rights would exist, bounded by 
tite vert planes of the end lines, projected in their 
own direction, until tiiey intersect. On this point 
Jndge Lindley states: 

There can be littie doiibt that extralatend rights 
<may be enjoyed under locations made or patents 
issued under either Act where the end lines converge 
in the direction of the dip of the vein, giving the 
locator or patentee less in length on the vein beneath 
the surface outside of his vert boundaries than he has 
at the surface. 

It is admitted, however, that the decisions of 
the highest courts are not yet conclusive on these 
questions, and some lower courts have held the con¬ 
trary of the opinion expressed above. This case is 
6. Outcrop cutting end and side line. 



Fig 6. End 


Lines Converging 
the Dip 


shown in Fig 6. 

Where apex of a vein on its course crosses one 
side line and one end line of a location, the doctrine has been establish^ by tW Supreme 
Court that extralateral rights are bounded by a plane dropped perpendicularly downward 
through end line of claim through which the vein passes, and a piano parallel therewith, 
dropped downward perpendicularly through the point where the vein departs from surface 
bcundaries, across the side line. These planes extended in their own direction would 
bound the extralateral rights on such vein under such conditions (Del Monte Mining Co 
vs Last Chance Mg Co, 171 U 8, 65; Clarke m 
Fitsgerald, 171 U S, 92). See Fig 7. 

6. Outcrop entering and leaving through same 
aide tins. Where apex of a vein on its course 
enters and departs from the claim through the 
same boundary line, the Supreme Court of Colo 
has held that no extraiateral rights attach (Catron 




Figs. 


St Louis-Nine Hour or Drum- 
Ivimmon Case 


M Olds, 23 C!olo, 433). The IT S Court of Appeals for the Ninth Circuit, however, holds 
the contrary (St Louis Mg C!o v$ Montana Mg Co, 104 Fed, 664; C. W. Ooodale, TWns 
AIMS, Feb. 1914). 

The extent of extralateral ri^ts on a vein in a case such as that last nrieried to i»e- 
sented an interesting question. The vein in controversy was a wide one, entering and 
deiMuting from the St Louis claim, at an acute angd^, through the ume side line. At the 
point of departure from the St Louis claim, the apex of the vein was conceded to be 25 ft 
wide, measured the boundary which it crossed. The St Louis claim Was ootioeded 
to be tile prior location, and the owner tiiereof claimed that he was, therefm'e, entitlsd to 
all extialateral rights on the vein, so long as any portion of its apex remained within tbe 
dbdm boundaries. The Court of Appeals upheld this oontriition saying: 

Tim duly deduction which can be made from the foregoing rules is tiiat, Inaamudbi as 
statute nor autiiority permits a division of the crowing portion of tim vein, and ths 
of authority- favqrs the senior locator, the entire v«dn must be oonridersd as ^psibig 
on the sbtior location until it has wholly passed beyond its side line. Fig 8 tihndratSi 
fftn!iiitieniyh"T*i"g pfopertiss in conflict in 8t Ixnifa esse. 

... n—»■'. , 
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TUa dseiiion of the itppellato court has bem cited by the U 9 Su^reow Ootiri, uid thus 
appears to have received the sanotiou and approval of the hichest oourt of the land. 
In a later cqinniontheCknirtof Appeals speaks as follows (183 Fed, 61): We are therefore 
of the cq^inion that the right of the St Loruis Mining Co to extealateral rights in the Drum- 
lununon to the wtent titat it apexes within the St Louis Mining Co’s claiin, has been 
previously detennined by this court, and that this determination has been affirmed by the 
Supmne Court of the U 8 (204 U S, 204), and that such has become the law of the case. 

The vein in qoestion was an incidental or secondary vein, and not the discovery vnn; 
but the rule is the same, because the statute provides that the owner of a lode oUdm is 
entitied to follow extralateraily all veins which ai>ex within its surface boundaries. The , 
dodrhte he^ announced gives to the locator precisely the same extent along the oounmof 
the vein beneath the surface of tiie adjacent claims as that which he has upon the suflwbe * 
within his location boundaries. . > * 

7. Wide outcrops. Where the apex of a vein on its course is (Q)lit or divided Igr a 
boundary line of a location, or where the vein is wider tium the 
location itself, the U S Supremo Court has decided that the 
senior location is entitled ja the extralateral rights of the entire 
vdn, and the junior location takes it up after the rights of the 
senior are exhausted (Argentine Mining Co vs TerriUe Mg Co, 
122 U S, 478; Lawson xs U S Mg Co, 207 U S, 1; Empire State 
Co m Bunker Hill Mg Ck>, 114 Fed, 417). See Fig 9. 

8. Outcrop cutting one end line only, where the apex of an 
original or discovery vein on its course enters through one line 
of a location, and ceases before it reaches any other boundary; 
and 

Iht 9. Veto Split by g. Outcrop cutting no boundary line, where the apex of the 
Bouadary Luis (VertSeo) wholly within the claim, and does not cross any boundary. 

Thsae two conditions are clearly analyzed by the U S Supreme Court, in discussing the 
Del Monte oases (Del Monte Mg Co va Last Chance Mg Co, 171 U S 65), as follows: 

The law places a limit on the length of the vein beyond which he shall not go, but it 
doss not say that he shall not go outside the vert side lines unless the vein in its course 
reaches the end lines. Nowhere is it said that he must hav^ a vein which either on or 
below the surface extends from end line to end line in order'to pursue that vein on its 
dip outside the vert side lines. Naming limits beyond which a grant does not go is not 
equivalent to saying that nothing is granted which does not extend to those hmits. The 
locator is given a right to pursue any vein whose apex is within his surface limits, on its 
dip outside the vert side line, but may not in such pursuit go beyond the vert end lines. 
A^ tills is all the statute provides. Suppose a vdn enters at an end line, but terminates 
hallway across the length of the location, his right to follow that vein on its dip beyond 
the vert side lines is as plainly given by the statute as though in its course it had extended 
to the farther end line. It is a vein, the top or apex of which lies inside of such surface 
lines extended downward verticall>. 

The Court of Appeals for the Eighth Circuit is also quoted as follows (Work Min & 
Mill Co va Dootor*Jack Pot, 194 Fed, 620, 629): It does not follow that to secure extra* 
lateral rights the vein must extend from end line to end line, or, for that matter, intersect 
either end line. 



Note.—The rule laid down by Judge Clayberg does not seem to cover the ground in 
eases 8 and 9. Veins are sometimra faulted or broken by torsional or differential move* 
meats which give them a broken and discontinuous apex, but still leave them with con* 
tiuuity benea^ the surface. In such case, the extralateral rights might be bounded by 
vart planes paraliti to the end lines of the claim, passed through the ends of the apex on 
the surface ra&er than by the vert end line pianos themselves. 

10. Onterop departing and returning through same side line. Where a vein passes 
through both end lines of a location, but in its course departs from the claim through a 
ride line and rednters the claim through the same side line, the case is said to be siffil a 
rituation without specific ruling by the courts, although discussed in case of Waterloo 
Minim Co ve Doe (82 Fed, 45) as follows: The grant is to lodes having their apex in the 


ground patented. The fact that a part of the apex might be in the ground patented would * 
not give any right to any pant of the vrin, the apex of which was not timrein, although 
1;:^ apex might be out by both end lines of the granted premisea. 

'%e vein must therefore be deemed, in genend, to have extralateral rights witidP planes 
^raubi ^ Bass, for each segment of apex included within its surface boundaries* 

• OsSiiMItoli.aa to what Oonstitutss a vrin ia Vtsh Con Mg Ob vi Utah A|les 

and same vs same 285 Fed 249 and eases there riM (1928). See Twea(y*oas 
•• (MciMd abtleen to One Mins, 255. Fed 4M. 

(oa Daoxf 
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22. EXTRALATESAL RIOHtS ON 1NC£DRNTAL OR SECONDARY 

VEINS 


Statat* gives eztralatersl rights to oil veins whose tops or apices lie within ^e surfsee 
lines of tiie location. The vein on which the location is based is cidled tiie “ disooveiy " 
or “ original ’* vein; others are called " secondary " or “ incidental “ vrins. While all 
veins have equal and rimilar rights under the law, yet the location or discovery vein, in its 
relation to the surfMe boundaries, is the vein which determines the direction of the planes 
UgllPig the extrali^teral rights for all other veins apexing within the claim. 

DetiSions of the courts in the Providence-Champion case (63 Fed, 552; 171 U 8, 293; 18 Sup 
Court Rep, 909, 43 L Ed 170), the Drumlummon cose (Mont Min Co, Ltd, es St Louis. M de M Co,*^ 
102,Fed, 430; 104 Fed, 664), the Anchoria-Leland (Jefferson Min Co v« Anchoria-Leland MAM Co, 
32 Colo', 176, 75 Pso, 1070), and in Sujweme Court of Colo (Ajax Gold Min Co v$ Hilkey, 81 Cdo, 
'131; 72 Pac, 447; 22 Morr Min Rep, 585) have given rise to much discussion. The weight of 
au^ftitative opinion seems to support the views of the Colo court, contained in the following: ' 

The pnd lines constitute a barrier, beyond whichia locator can not follow a vein on.its 
Btri^ trhether it be a discovery or a secondary vmn; and they also limit the bounding 
planes within which his extralateral rights are to be exercised in following such vein on 
its dip. In exercising such extralateral rights the locator can not in any case pursue the 
vein OB its dip beyond the bounding planes drawn through the end lines. * * The 
extent of the right depends upon the length of the apex, and the extralateral rights are 
measured not necessarily by the end lines, and only so when the vein passes across both 
end lines, but by bounding planes drawn parallel to the end lines passing through the 
elaim at points where it enters into and departs from the same. It would seem, there* 
fore, necessarily to follow that the extralatersd right depends, inter alia^ upon the ULtent 
of t^ apex within the surface lines, and, while the end lines of the claim as fixed by the 
location are the end linos of all veins apexing within its exterior boundaries, the planes 
which bpuud such rights of different veins may be as different as the extent of their respec¬ 
tive apices, though all such planes must be drawn vertically downward parallel with the 
end lines. It makes no difference in what portion of the patented claim the apex is. Its 
extralateral rights under this nile can be easily ascertained. 

The same court, summing up the opinion of Justice Brewer in the Del Monte case, 
speaks as follows: 

'.Oux]oonoluaion is that for all veins, both discovery and secondary, of a patented claim, 
the oymer has extralateral rights at least for so much thereof as apex wi^n the surface 
lines; that such rights as to secondary veins are not confined to such veins as apex within 
the same segment of (he claim in which the apex of the discovery vein exists; and while 
the end lines of the location as fixed and described in the patent are the end lines of all 
veinB apexing within the surface boundaries, and may constitute the bouiuliitg planes for 
such extralateral rights, and in no case can the locator pursue the vein on its dip outride 
the surface lines l^yond such planes continued in their own direction until they intersect 
such veins, yet these bounding planes, which in all 
oases must be drawn parallel to the end lines .need 
hot be coincident. 

Judge lindley (p 1 378) remarks that "the 
modmm tendency of decision is to apply to all 
secondary veiiui at the points of departure planes 
parallri to the end lines controlling extralateral 
lights on the original vein." 

Cflinflictiiig extralateral ^rights. Extralaterril 
rights may be curtailed or* interrupted by con¬ 
flict on the dip (d the vein with the riid^ts of 
am older location. In other words, two claims 
may be So'loeated on the same vein that the planes 
bf meh extndaterai rights will intwaect. In such 
cases ^ dsnior valid location is entitled to those 
portksu of the vein whidi are in conflict. The 
JvnW lights again 'attadh beyemd the area of 
cQidliieiii Thin, in Fig 10, A«'if senior, owns all 
ihre between its end l^neS c^ctended in their own directum. If A be iunior, the vain frrin 
h to M briringa to hetweMt tlm planes of B’b west end line and the parallel plgne eh 
(wi&poi[rfbleimoepti^.oftrianideamior<Mi0). . . 
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as. VEINS jyjpvmo into and beneath a 6 ric 0 lturali>atents . 

. » ’ » 

• Wliether vdna properlsT located under tbo mining laws can be followed down beneath 
the surface of patent^ agricultural Lands seems not to have been decided by the U 8' 
Supreme Court. The Ninth District Circuit Court decided (Amador Min Co bs 8 S H 
Min Co< 36 Fed, 668) that such veins may not be followed by their owners beyond the 
points where they enter vertically beneath the surface of such prior agricultural grant. 
With this ruling Judge Lindley takes issue strongly (p 1462), as fdlows: 

We simply affirm tiiat lodes or veins having their apices outside of the agrieultural grant are, 
to the eaten*' that such lodes or veins on their downward course underlie it, reserved by law out of 
aurik grant. Nor doee this doctrine militate against the well-established rule of law that the patent 
4i oonriuriTe evidence of the character of the land. The land covered by an agricultural patedt is oon- 
olusively deemed to be agrieultural, but this does not necessarily imply that a lode under its suriaee 
apesing outside of it, cannot be reserved without impeaching the patent and changing the legal 
^araeter of the land. The two classes of grants may exist without oonSieting, in a legal sense. 

' By mutual agreameot, the boundaries of extrE..ateral riid^ta, or their entire abolition, 
may be legally fixed, thus doing away with that dangerous provision of the federal law. 
Indeed, many such agreements have boon made within recent years in many of the copper 
mining districts of the United States. 

24. SOME UNSETTLED QUESTIONS AND RECENT EXTRALATERAL 

CASES 

The opinion is frequently expressed that “ all the doubtful points in the law of extra* 
lateral rights under the statute of 1872 are practically settled." Its marvelous perfection 
as a piece of trouble-breeding, perplexing and ambiguous legislation is abundantly illus¬ 
trated by tite fact that, more than 60 years after its enactment, this statement is still far 
from true. Judge Lindley remarks (p 1 423) that " lack of harmony between courts of 
(Afferent jurisdictions in the construction of the mining laws is a matter of frequent 
occurrence. For this reason, the law often remains in a state of uncertainty until the 
questions are finally decided by the Supreme Court of the U 8. Even then, courts at 
times disagree as to the proper construction to be given to the decisions of the court of 
final resort." 

Judge Clayberg, as quoted in Art 21, admits that “the forms of mining locations may be eo 
variant, and the position of veins within the vert boundaries thereof so strange and peculiar, that 
many complications, now unthought of, may present themselves for adjudication.” On this^oint 
the late Mr. Wincbell expressed himself as follows; “While it is true that the U*S Supreme Court ba« 
handed down decisions which definitely settle some of the principles of apex law, it is very far from 
true tikat no other vitally important questions remain undetermined. There are pointo upon wUch 
the U B Courts of Appeal in different ".ircuits lure in direct conflict. There are questioika involved 
in litigation now pending which have never been passed upon by the Supreme Court, and sokue of ' 
these questions contain possibilities which one shudders to contemplate.” (Why the Mining Laws 
Should be l^vised. H. V. Winehell, Trans A I M E, v 48, p 361.) This is equally true in 1939. 

Recent extraUteral cues have been eummarized as foUowa by William E. Cdby, 
of the San Francisco Bar. 

^S^ther or not a suit to establish extralateral rights is local in nature, to be tried in the 
jurisdiction where the mine is situated, depends upon tike laws of Ihe state where the. ques¬ 
tion wises. 

A suit to quiet title to asserted extralateral rights can not be maintained in the absence 
of any development showing whether such rights exist. Arisona Co v$ Iron Cap Co, 

27 Aris, 202, 232 Pao, 649. Cwtiorari denied 270 U S 642; also see 29 Axis, 23; 280 Fee, 
290. 

A deed to a lode mining claim, without express mention, conveys ihe extralatwal 
pwtion a vein apexing therein. Since there can be no priority of title to dilhneirt 
portions of the same mining claim, an extralateral plane dividing rights as between grantor. 
and grantee must be passed tjkroukh the point of intersection of the oenter fine of the afiek 
with ^e common boundary line. Right to do furtoiir work to establish this faht was 
granted. Midwest-^tte Co v* Butte^West Side Mines Co, 32 Fed (fid), 841 (9 C > 

I,; Burden Is on mctralateral claimant to prove oontuxuity from apex to point ^on .mtto 
Ootaida boundaries. Facts asoertsined by trial judge on tospeetion of pmnissg aroto be 
coneidarad as evidence. Brugger w Lee Yin, 12 Cal App (Sd)fc,38. 

Wlksn sad linea of a lode daim converge in the direction of fihedto of a vein ^e extnt* 
taterat iight ie destroyed beeause th^ ate not pereBrL ApgimiimBtiB p$n)SUiw6i h 
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•dfidetit. betwoMi qo-'teiumts, the porohaw by one of an adjoining daim eeiitainiBg 
the. apex of a vain dipping beneath4he olaina own^ in eommon reaulte in the iMtl^ng in 
-truet for tbb benefit of the other eo-ovner of that pwtion-of the vein mtuated-vdticMlly 
beneath the daim held in common. Grant w Pilgrim, 95 Fed, (2d), 561 (9 C C A). 

Ihe owner of land held tmder agricultural patent may not convey such land back' to 
the U 8 and receive a lodomining patent therefor bo aa to entitle him to ezerciae an. extra* 

, lateral right baaed on such new patent, where the statutory period to set aside tiie agri* 
eultural patent had expired. > Such mining patent was void, not voidable, and could’ be 
collaterally attacked. Empire Star h^es Co w Grass 'Valley Bullion Mines, 99 Fed 
(2d), 228 (9 CCA). 

25. VERTICAL SIDELINE AGREEMENTS 

The Apex taw of 1872 has led in the past to ao much litigation in applying its provisions 
that many years ago there grew up a practice in some mining districts, to avoid the effect 
of the Apex law, by entering into sideline agreements. The application of such agree¬ 
ments in the Bisbee mining district, Aria, was largely due to the leader^p and judgment 
of the late Dr. James Douglas, where sideline agreements were executed between several 
of the' larger mining companies. Such agreements are now often made, limiting each 
party thereto to the mining of ore directly beneath the surface of its own claims, and doing 
away with the provisions of the Apex Law in so far as that law permits following the apex 
of the vein beyond the sideUnes of the claims. A useful form of this agreement follows: 

MEMORANDUM OF AGREEMENT, made and entered into this . day of' 

.,19.. between.. a corporation of the State of.party 

the first part, and.. a corporation of the State of.. party of the second part, 

WITNESSETH; THAT WHEREAS, the parties to this agreement are the owners of certain 

*inine8 and mining claims situated in.Mining District.County,.. 

soma of which claims are adjoining and contiguous to each other, and others located in eloee prox¬ 
imity to each other; and WHEREAS, under the laws of the United States relating to mimng ohdnis, 
the locator or owner of a mining claim is given exclusive right of possession and enjoyment of sU 
veins, lodes and edges throughout their entire depth, the top or apex of which lies inside of the eur- 
faoe Jtoee of the mining claim extended downward vertically, although such veins or lodes may so 
far depart from a perpendicular on their course downward as to extend outside the vertioal side linee 
M the surface locations, the right of possession being confined to such portions thereof as lie between 
vertical planes drawn downward through the end lines of the locations so continued in their own 
direction that such planes will intersect such exterior parts of such veins, lodes or ledges, which 
rights are generally known os extralateral rights; and WHEREAS, ss a result thereof, disputes and 
m^erground confiicts frequently arise invoiviug expensive litigation; and such undetermined righfe 
ereate uncertaintiee aa to the legal and equitable rights attaching to the ownership of mining elaiina; 
and WHEREAS, the parties hereto desire to settle and adjust forever, os between themselves, thsir 
respeoUve rights to sny veins, lodes, or deposits, or parts of veins, lodes, or deposits, existing within 
tbs vertical boundaries of the certain mines and mining claiins owned by them respeotivriy, by waiv¬ 
ing all such extrslateral rights, privileges and ownerships arising under the statutes of the United 
States, now existing, or which may hereafter be adopted, as against the ownership of the Other party 
hereto, 

NOW THEREFORE, in consideration of these presents and the covenants, eonditioaa and 
privileges herein set forth and the grants, conveyances, relinquishments and releases which are here¬ 
by made by and between the partiee hereto, it ie hereby covenanted and agreed by and betwemi the 
parties hereto aa follows: 

(1) That in all cases where any vein, lode, or deposit of mineral bearing rook or earth, having its 
top or apex within vertical planes drawn downward through the surface boundary lines of any min¬ 
ing claim herein mentioned and referred to and owned by the party of the first part, shall past on its 
downward eourae or otherwise outside of and beyond vertioai planes drawn downward through the 
boundary lines of said mining elaim of the party of the first part and into and beneath the aurface of 
any mining claim owned by the party of the second part, and herein referred to, the party of the fitat 
^part does hereby rriinquish and rdeose to, and forever vests in, grants and conveys to tlM party of 
,'tha seoond part that portion of every such vein, lode, or deposit which is beneath the lurfaes of ihiy 
Such claim of the party of the second part. This provision is intendad to relinquiBh sad 

Mlfsoe to, convey, grant and vest in the party of the second part only such part of any vein whkA is 
bsBoath the surface of the mining claim of the party of the second part and not to dej^ve the owner 
of aaid ^lex of extralateral righta against mining claims other than those of the party of the seoond 
|wrt, iMt^n retWred to. 

, Thht lit all coses where any vein, lode, or deposit of mineral bearing rook or earth, having Ui 
tgp ornpoz within vwt idanm drawn downarard through the surface boundary linee of any mining " 
dlnimalMceto (nferred to ahd owned by th* pvty of the second part, shall pass on ita downward 
WIUIM nr omririaB ouk^o (d *ad beyond vertioal planes drawn downward throu|d> the boundary •• 
liam ^ gold I|tinto« tialm of tlw party of the aeeond part and into and beneath the surfeno <f any 
mialnghlaim aWnadW tke party of tho bxt part and herein referred to. the party of tiMnaosod part 
Aws hateby nfinqnigh and rilaaae to, and hereby forever vests in, grants md convey* to timpergr 
«r the ii*t pnrfiliat pectCsn of every sv^ vein, lodo^ ledge or dspoait which is benoatb tho rarfaoe of 













^4-28' SONiKa LAWS ; . 

■ f ' ' • . 

Bar nob aiaiiig dbin at th* puiy of tli* fint port. Tfaio prorioion ia iatoa^od to i^oliaqtiirii nd 
. MlaoM to, ennojr, gnat and mt ia the party of toe diet jpwrt only each part of aay tein adiioh k 
boaeato ti|e earfaoe of toe aitaio|,oiaiB)B of the Jlarty of toe first part and a<lt to di^va toe owa« 
of eald apn of extralateral righta against auning daiihs other than toose of the party of the first part,' 
hwsta, z^erred to. . 

C8) That upon toe applioation of dtoer party hereto for a United States patent for any didnAs 
hareia nfoared to» no protest, objeetion or adverse claim or suit tosU be entmed, made, filed or 
iaatitiiito by the other party aa account of the working or mining at any vein, lode, or depoait at , 
adoeral beariag rook or earth or extraction of ores therefrom uppa the dip of any auto vdn or lode. 

(4) That Jn all cases in which United States patents may be hereafter granted to any mining 
claim, herein referred to, of either of the parties hereto, this agreement shall operate as a covenant 
on toe part of each of the parties hereto that, upon the acquisition by either party of the outstanding 
title of toe United Btatee in euoh unpatented claims, all the covenants herein shall ba deemed immedi¬ 
ately applicable to and shall control and determine the rights of the partiea hereto in relation to fol¬ 
lowing aay vein or lode of mineral-bearing rock or earth in such patented claima beneath the surface 
of any daim of the other party hereto, notwithstanding the terms of the grant and convey- 

aaoe by toe United Statee to either party hereto or the provisions of the Federal mining lam. 

^5) That either party hereto, upon the request of the other and without further or additional 
eoneideratlon, shall, and will make, execute and deliver to the other, such furthdr or addldonal 
instrument or conveyance as shall, in accordance with the foregoing paragraph, abedately veiit toe' 
ownenbip of the portion of any euoh vein, lode, or depodt in the otoer party to this agreement in 
eo far ea euoh vdn, lode, or depoait ia beneath the aurface of any mining claim of the otoet party, 
herdn referred to. 

(0) That the party of the first part for the conaiderationa herdn expreeaed and in consideration 
ct toe aum d One Dollar ($1) to it paid by the party of the second part, the receipt whereof is ' 
hereby acknowledged, baa forever rdessed and dscharged, and by these presents does forever 
• rdmae and diaoharge the party of the eeeond part from any and all debts, daims, demands, damages 
, or sniU at law or in equity for or on account of any trespass or injury done or committed in working 
in w upon any vdn, lode, or deposit of mineral-bearing rock or earth within the vert boundary 
lines of any mine or mining doim owned by the party of the second par', and herein referred to. 

(7) llkat toe party of the second part for the oonsideratione herein expressed and in consideration 
of too aum of One Dollar ($1) to it paid by the party of the first part, the receipt whereof ia hereby 
admowledged, has forever rdeasod and discharged, and by these presents does forever release and 
Hiseharge, the puty of the firet part from any and oU debts, claims, demands, damages or suits at 
law or in equity for or on account of any trespass or injury done or committed in working in or 
upon any vdn, lode, or deposit of mineral bearing rock or earth within the vertical boundary lines 
of aay mine or mintog daim owned by the party of the first part and herein referred to. 

(8) That toa mine and mining daims and interest and ports of mining claims refwred to ia 
Sdiedula A hereto annexed eonetitutee the property of the party of the first part hereto, and the 
minea and mining daims, interests and parts of mining claims mentioned and referred to in 
Sohedttle B hereto annexed eonetitutee the property of the party of the second part hereto, and 
Mid 8ehtou|as are annexed hereto, and made a part of this agreement. 

(0) Thiaj Bgreement aholl extend to, inure to the benefit of, and be binding upon the parties, 
toair suooaeeoni and aoeigna. 

IN WITNESS WHEREOF 


26. DEEDS OF SUEFACE RIGHTS IN MINING PROPERTIES 

It k often neoesBory or desirable for a mining oompany to convey a deed of sdrfaoe 
ri|d>ts, reserving to itself the ores and minerals braeath. The following form of deed, to 
be made by the owner of the surface to the purchaser of the surface, for such consideratioa 
as may be stated in the deed, has been frequently used with advantage. 

Qalt-Claim Deed.unto aaid party of toe second part and unto his hrirs and aeoigna 

forever, all the right, title, intereet, claim and demand which the said puty of the first part hto 

in and to the following deecribed real estate and property situate in the County of... 

l^ta of .... to wit: That portion of the surface of the. Mining Qalm 

aitnato ia toe.Mining District, in.County,.toe United 

States Patent whereof is of record in the office ci toe County Recorder of.. County, 

ia*'Book .of Deeds, at Pago.. oovend by that certain lot, piece or parw;^ 

«f land known and deecribed as Lot Numbered.( ), in Block Numboed’* 

.. ( ), of the Town of . County, aeeording to tte 

of said Town of.; together with the improvements thereon dtiktli. 

This deed ia not intended to convey and does not convey any of the above deeeribed yrffjniei^ 

to a greater depth than. ( ) feet immediately benmth the, surface, nor, any M 

toe ores, minertoi, or metal contained tomein, and said party of the eeeond part, ^ heita and 
fimigns, fhall not have the right of lateral or subjacent support, ae against esid party of tlie 

pa>t,V..... ita eueosMon and assigna, and aaid party of toe first part, itewucoeMin' In6'„ 

. ewigns, aboO not ba liaUe for any damagea eanaed by toe subaidenee or otoer dletarban^Aijali^ 
stttfnfM dr other jMTt of said premtoM on aeeount of mining or otoar'operatione beneato tliajMeinidMia. 
iMSriv eoaveyed, or beneato the adjoinlBg or otoer pTeniilaM not hcf^ oonvweA 'Bgid pM% qf ' 

. stosnd part wto and by toe aoeeptanee of toJs deed dkias, for hunsw and fw fils 

hMliy release aaid party ofitoa fint part, ..«tfi^ nw aBdjafili«bf&ty,f«ri^ 
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Um mttteiaa!! tvonmid pnadaw hr tmmon at nr opmtien or bwtmaa eoniod M» tqr, Mdd pt^ 
9 I iivt 8ni pMTt. ite sooooMma or «HdsM> or ooua^ by firo, moke, cu, flood, domocw ttw u^iSat, ■ 
BiiUiiiC, toadtiiic, or roduotioa of Olooi railrooda, c^oobiool truomiadon linoi, or diroot^ or iiidiraoti& 
oooBoo t od witb of the amne oraed or ooafaroUed by aaid party of the Smt part. TO BLAVB 
/AND TO HOXiD the aame, together ^th all aad aingolar the appurtenanoaa ai^, iwivilc^ thara* 
onto belongiag, or in anywiae appertaining, and all the eatate, ri^t, title, intereet and dafm vhat> 
aoerer, of tiie aaid party of the firat part, either in law or in equity, in poeaeaaion or aqiMtaaey, 
to the only proper uae, benefit and behoof of the aaid party of the aeoond part, hk heila and —rrfg-i 
forever, eubjeet to the foregoing reaervationa. 

IN WITNESS WHEREOF 


FEDERAL TAX LAWS RELATING TO MINES 

Suxomarized by Patti. Abhitaox, of Dougina A Armitage, of the New York Bar 

With the advent of Federal Income mid Profits Taxes mine valuations became impor¬ 
tant. Engineers should have a general knowledge of the occasions when such problems 
may arise under the Federal Tax Laws. 

Beginning with the Revenue Act of 1913 provision was made for an allowaaoe for 
deletion of the mines, and this depletion allowance was enlarged and extended in the 
various subsequent Revenue Acts. Depletion, like depreciation, has the same basio 
concept of voi^ng a tax on capital, and, as in many cases, it is voided on a mine valuation, 
it is important for mining engineers to be familiar with these laws. Similar questiong 
often arise under state laws in assessing income and inheritance taxes. 


27. CLASSIFICATION 

The five principal oases in which mine valuation may become essential are in determin¬ 
ing: (a) depletion; (b) profits or losses on resale or disposition of a mine; (e) invested 
oapitid or paid4n surplus; (d) depreciation or obsolescence, including amortisation; 
(s) Wue for estate taxes of a decedent’s interest in a mining property. 


28. DEPLETION 

Bads for determination. As a mine is a wasting asset, provision must be made by 
owner or lessee for the return of the capital out of operating profits. Beginiung with the 
Revenue Act of 1913, which merely allowed " five per cent of the gross value of the mine 
.on the output for the year " (1913 Act, section b). Federal Tax Laws recognised this, and 
now allow annual depletion as a deduction from gross income in ordeb to arrive at net 
tayabla income. There have been developed over a series of years various extensions id 
the method and basis of computing depletion. In the 1938 Revenue Act there are four 
distinct bases: 

(1) If the property was acquired before Mch 1, 1913, the basis of depletion is the fair 
"-market value of the mining property on that date. 

Q) If the property was acquired after Mch 1, 1913, the depletion base ia the out-of- 
pocket cost of the property to the taxpayer. 

(3) If the mine was discovered (but not purchased or acquired as a proven tract) by 
• the taxpayer after Mch 1, 1913, and the discovery value is “ materially disproportionate 

to the costs," then the value on the discovery date, or within 30 days thereafter, forms the 
de;^etion base. This discovery value extends not only to the discovery of a new 
but mriudes " minerals in commercial quantities " in an existing mine or mining tract, 

." if the vmn or dejposit thus discovered was not merely the uninterrupted extensioa of a 
commercial vein or deposit already known to exist." Depletion, of course, is only apspli- 
" cable for tax pTirposes if the discovered minerals can be separately marketed at a pi^it 
(Revenue Act of 1938, section 114). However, the annual allowance is limited to,flO% ^ 
ot the net income for the current year from the discovered property. 

(4) In t^ ease of coal and metal mines and sulphur, depletion ia allowed aa si peiw . 

centafte of the groaa income from the property during the tSLxable year, 6% in the case of 
eoal sstoM, 16% in that metal mines and 28% in that of sulphur deporits. A similar 

vpersanta^ lax^ldied to and gss lands, amounting to 27.6% of the gross. However., 

■ush- idibwamMi ShaUmrt exceed 60% .of the net income from the pro|MRiy. ' niis per*' 
eeelage depletion fiiet found ite plam in the Revenue Act as iqtplical^ to cod, petal and 
■iipKiw soinea ia 10^, aad the tggiMq^ wsa a^wded a rigdit to eteet tfx aad sul^ 
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wquant yvori. New deetkmavw* granted under the 1936 and 1038 Adik* bitlioiilsrM to 
newly acquired property. If the operator of a mine haa not availed himedf of thie d^oia, 
then he muet fiml hie depletion on the other baeee. Henee. ae to all ioijii|8 aoquired or 
difloovored prior to Moh 1, 1913, the value on that date becomes the baauTor depletion, 
and if discovered after that date, but before 1932, the discovery value becomes tile basis* 
for deidetion. On the taiq>ayer or his engineeni therefore, rests the burden of establfshing 
this value to obtain a proper depletion allowance. The depletion rata is obtained 
dividing ^is value by the estimated units in the mine (ton, lb or os). The unit depletion 
rate applied to the annual extraction gives total yearly depletion. For example, on tibe 
valuarion of a mine as of Mch 1, 1013, at $50 000, containing by estimate 1 000 000 lb, 
the taqjayer is allowod a depletion rate of 5fl per lb. Assuming in a given year a produc¬ 
tion of 200 000 lb, the total depletion deduction for operating profits for that year would 
be 200 000 X 6^ - $10 000. 

Operating owners, lessors, lessees, sub-lessors, sub-lessees, hfe tenants, purchasers of 
rojralty interests, owners of fractional or over-riding royalty interests, tenants in common 
and trusts and beneficiaries of the same, are each entitled to their respective shares of the 
allowance, and the Supreme Court has held that the right to depletion does not depend 
Upon the retention of ownership, or of any other particular form of legal interest in the 
mineral content of the land. It is enough if the taxpayer has retained a right or share in 
the minend content produced. Stockholders are not directly entitled to a depletion allow¬ 
ance, Init distributions to the stockholder, made from a depletion reserve based upon cost 
or o^er basis of the property, are not considered as being paid out of earnings or profits, 
but the amount thereof reduces the cost or other basis of the stock upon which distribu* 
tions were declared, and are non-taxable until the cost or other basis has been returned. 
However, if such distributions are from a depletion reserve based upon percentage deple¬ 
tion or discovery value, to the extent that the reserve represents the excess of percentage 
depletion, or the discovery value over the cost, they are taxable as an ordinary dividend. 
(Aegulations 101, Section 115, Revenue Act 1938). But, any distributions are con- 
ridersd as paid out of current earnings until such earnings are all distributed (ibid). 

In certain cases where, as a result of operations or development work, it is ascertained 
that the prior estimate of recoverable units on which depletion was based is in error, a 
revision of such prior estimate of the units may be made and the depletion base accelerated 
or retarded accordingly. But the Federal Treasury Dept declined to allow any 
revision of the base for depletion, even though the estimate of recoverable units has formed 
a major factor in arriving at the same (such as a case of valuation). 

Where beneficiation of the ore occurs after extraction, knotty problems arise in segre, 
gating and detaching from the price paid for the finished product 'Ae value added by sudi 
process of arodting, refining or concentrating. The Treasury regulations have established 
estmisive rules for accompUshing this, as in the case of copper, gold, silver and coal mines. 

Of oourse, the annual allowance for depletion of the mine and the base thereof is die* 
iinot from and in addition to the annual allowance for the depreciation of the plant and 
equipment used to operate the same. 


29. INVESTED CAPITAL OR PAID.IN SURPLUS 

Under the FnDanAb RavsNua Acts or 1917,1918 a.nd 1921, imposing excess and war 
profits taxes, invested capital, including paid-in surplus, became a material factor. Alsd, 
where ^ capital stock of a corporation was paid up by the transfer of a mining property, 
its value at date of transfer may be a factor in arriving at the corporation’s invest^ 
capital and paid-in surplus under the tax lawa 


80. GAIN OR LOSS ON SALE OF MININO PROPERTY 

Baals for determining gain or loss on sale of mining property is the same as that pro¬ 
vided "for depletion, except that no discovery value is allowed. That is, if the mining 
l^per^ was aoquired before Moh 1, 1913 and subsequentiy sold, its value on that date 
beowea tiie basis for determining the taxable gain. If the property was aoquired altar 
Moh 1,1913, the cost beoomes the bams for determining gain or loaa. 

In some the earlier Acts time was a special limitation of surtane in of sale of. 
xoinas, the principal value of whieh *' had bm dsmonstiated by proqMoting or expleini- 
iioa or disMTory work by the taxpsow." Hi 1026 this limitation wm Am ub 16% 
OftovemisrAet of 1928, Section 21l-b). 
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SI* VidLUB ikXBL ESTATE TAX OF A DECEDENT’S INTEESST IN A 

MINING PROPERTY 

' 

Os iiM d«Adi of a taxpayer owning an interest in mines or mining property, it beoomes 
part 'gf Ins estate and taxable both for federal estate taxes and local state mheritance taxes. 
TInUf a valuation of the mines is required as of the date of death, and similar pro<^ of 
values of tile mine must be made by competent engineers familiar with the property. 
The Migineers of the Federal Bevenue Bureau have recognized and adopted standard 
methods of valuing mines prevalent in the mining community, such as the Hoskold formula, 
and this has been followed by the tax boards, courts and state taxing commissions. 

32. CAUTION TO MEMBERS OF THE MINING PROFESSION 

As each successive revenue act has changed the phraseology of prior acts, under both 
the deidetion provisions and those relating to gain and loss, the engineer will find it diffi¬ 
cult to follow development of the laws without specialized study of each case, and it is 
essential to refer to the particular act under which a problem arises, an(k the decisions 
thereunder. Hence, the discussion in Art 27-31 gives only a general outline of the dii!^* 
ent eases in which valuation of a mine becomes essential, and should be read only as an 
index or guide to examining the statute itself and the decisions and regulations thereunder. 


MINING LAWS OF CANADA 

Summarized by Gobdok McMiixak, K C, Toronto, Ontario 

Administration of lands. The Dominion Government owns public lands in Yukon 
and North West Territories, administering them through the Dept of Mines and Resources. 
PubUo lands in the Provinces are administered by their respective Depts of Mines. 

33. NORTH WEST TERRITORIES 

Quartz mining claims. License (which costs $5 for an individual and from a minimum 
of ^6 on a sliding scale to $100 per $1 000 000 of capitalization for a company) entities 
holder to stake 6 claims, each 1 500 ft square, for himself and up to 6 each for 2 othw 
licensees; a total of 18 claims. 

Representation work amounting to $100 per year must be done, and claims up to 36 
in number may be grouped for this purpose. Geol investigation, aerial reconnaissanoa or 
other like preliminary operation may be allowed. 

Lease for 21 years, renewable for a like period, is granted for a fee of $10 pw 
plus $50 rental per claim (renewals $200 per claim for 21 years) upon performing work to 
the value of $500 sOrveying claims and finding valuable mineral thereon. Lease lapses 
on non-payment of rental within 3 months. 

Staking is by 4 posts. No 1 bearing name of clum, name and license number of licensee, 
date and hour of staking, and if claim is staked on behalf of another his luune and license 
number. Witness posts may be erected. 

Recording of claim must be within 15 days, unless claim is over 10 miles from Recording 
Office, when an extra day is allowed for each additional 10 mUes. If claim is over 100 miles 
from Recording Office any 5 Ucensees may appoint an ‘‘ emergency recorder " from among 
their number. 

Royalty. On annual profits in excess of $10 000 and to $1 000 000,3%; on excess over 
$1 000 000 to $5 000 000,5%; on exceea over $5 000 000 to $10 000 0()0, 6 %; on excess 
over $10 000 000 a proportioned increase of 1 % for each $5 000 000. All mines tuuW 
same general management may be dealt with as one mine. 

nacer. claims are of 3 classes: (1) Chkek (on natural water courses with aver widtii 
at low water of 100 ft or less) are 500 ft in length along water course and 1 OCX) ft wide on 
l^h tide of base line. (2) Rivbr (on water courses over 100 ft wide) are on one tide of 
^ver only, 1 000 ft along stream by 1000 ft deep. (3) Ini,and claims are rectangular, 

1 QOO ft square. Tha, first locator on any creek is entitied to a discovery claim 1 5O0 ft 
long, and on a river or inland area to a discovery claim 3 000 ft long, with proviticms for 
addStionti claims depending,on size of locating party. 

As^ pSRKHa over 18 yean of age may locate eltima. Upon location a grant for 1 year may be 
tittsinsdoB payment <d $10 fee, and renewed on payment of the same fee and ahowing perfwaunea 
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of work «e Tolw of tlpO. Loeotiag ia by 2 poata, one at aaaii end of tba tNiM Una for eiraflc and 
rivar elaiaoa, and at each end of the aide neareat creek or rivee on whiob they fbont foif inland 
elaima. AppUeation for claim ^uat be made within 10 di^ after loeatton; if orer 10 mileo from 
Beeorderb Office, an added day for each 10 milea, and if over 100 milea diatant an^ ioeatora may 
elect an “Emergency Recorder.’’ Transfen and other agreements affecting tiSle mnat be in 
writing and recorded with Supervisor of Mines. Special provisions are made for obtitiniitg 
right to divert water for working daima. 


84. YUKON TEiffilTORY 

Qnnrta miolng daims. Any person over 18 years of age may personally locate a daJiti 
1 500 ft square by setting a legd post at each end of location line bearing appropriate 
inscription. Claims must be recorded within 16 days if within 10 miles of Recording 
Office, with one day extra allowed for each added 10 miles. If over 100 miles from Record* 
Ing Office, 5 locators may appoint one of their number an ’’ Emergency Recorder." R a 
pdwer of attorney is filed in advance, 2 claims may be staked by proxy. Once located and 
recorded, a claim is good for 1 year and thence from year to year, provided holder performs 
wurk thereon to value of $100 per annum or pays that sum to Recorder. liVhen holder has 
performed work to value of $600 (or paid that sum to Recorder), found a lode or vein, and 
had a survey of claim made, he may obtain a lease for 21 years at rental of $60 for the 
period; renewable for 21 years more at rental of $200. 

Iron and ndca location up to 160 acres may be recorded, in which case assessment 
requirements are doubled and rentals are $160 for first 21 years and $600 for subsequent 
periods. 

Placer claims. Any person over 18 years may locate claims 600 by 1 000 ft, and not 
more than 600 ft in lengtii along creek or parallel to creek on which they front. Staking 
le by 2 posts, one at each end of base line. First locator on any creek, hill, trench, bar or 
plain, is entitled to one claim 1 600 ft long; and, if party consists of- 2 or more persons, 2 
daims 1 250 ft long in length, claims to be of regular siie. Recording is within 10 days, 
with one extra day allowed for each 10 miles after first 10. After location a grant may be 
obtained for 1 or 6 years at $10 per annum, with right of renewal upon payment of fee 
and performance of work to value of $200 per annum. Provisions are m^e for granting 
rights to divert water for mining purposes. Royalty of 2.6% is charged on all gold shipped 
from territory. A lease to prospect for 1 year, renewable for 2 years, may. be obtain^ on 
oniain conditions covering an extent of 6 miles in length (if abandoned ground or 1 mile 
if hot previously prospected), at rental of $25 per annum per mile. Lessee must expend 
$1 000 per annum per mile and may before termination of lease stake out claims in area 
covered by lease. 

. Ceal mining leases may be obtained in Yukon and North West Territoriee at rental of $1 per 
acre per annum; max area, 2 660 acres; royalty, 6t per ton of output. Provision ia made for 
granting proapeoting licensee where eurface rights have been disposed of. 


36. ALBERTA 

Quartz mining rfaima are 1 500 ft square, staked by 4 corner posts. Any person 
ovw 18 years may locate and record in 1 year 8 claims in his own name and 2 each for 2 
other persons, at $10 per claim. Claims must be recorded within 16 days, but if over 
10 mileg from Recording Office 1 day is allowed for each added 10 miles; provision is made 
for appointment of " Emergency Recorder." Claims may be retained from year to year 
upon performing work to value of $160 per claim, or paying that amount to Mining 
Harder. Lbau) (fee $10) may be obtained after performance of work to value ctf 
$760 (in which survey is crated up to $150 for location of vein or lode and survey erf 
claim). Laasea are for 21 years; rental, $50 for first 21 years, and $200 on renewals. 
Surfaoe rights may be leased at $1 per acre per annum. Leases contain a reservation of 
royals fixed by Order-in-Council. Transfers must be in writing, and in case of leases 
consent of Minister must be obtained. 

Xroa and mica daims 160 aerm in area may be granted, work requirements being double thoiS; 
for Quarts Qaims; rental, $160 for first 21 yean and 6600 for subsequent periods. 

Ploeax Regulations are similar to those in North West 'Territories, except 

Iiiiniaut66 work requirement in Alberta is $150 per annum. , . .v 

pgtre le nai and natuni gaa leateti with maxtaium. area of 1020 acres, may be obtained 
at reritaltrffiOfIper acre for first yeu and $1 per acM per annum thereafter; tenn,2ty6ara,. 
ani jriii^ are rmiewable. In unsurveyed territory applicant nniet locate ly 
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2 posts, and apply for loate wittiiii 30 diiys, with extra day aUo#sd for eaeh 10 ttitee oew 
100. . Matdunery and equipiaiei^'AatiBfaiDtoiy to Minister (but not exeeSdinK SlD'OOO in 
value) must be on property Within 1 year and dHlling operations must be commenoed ‘ 
within 16 moifois. Royalty rate is fixed by Order-in<^uncil. 

Oeal mining rights are teased at annual rental of $1 per acre for 21>year period, Maiimwa 
area ia 2 MO acres on unsurveyed territory and 040 acres in surveyed territory. In unsurveyed 
territ(H^^ there must be a location by applicant. Operations must be commenced within 1 year from 
notifieation by Minister, and a specific amount of coal must be produced. Royalty of fi)! per ton 
is payable in addition to rental. 


36. BRITISH COLUMBIA 

Minor’s certiflcste. Holder of a frzb miner’s certificate (fee for an individual $5; 
fee for a joint-stock company varies with its capital) may prospect on Crown lands, stake 
out claims and mine. He is restricted to staking 1 mineral claim on same vein or lode, 
but may acquire others by purchase. A free miner may locate 1 placer claim or leasehold 
in his own name, and one for each of 2 free miners for whom he acta as agent, on any 
separate riverbed, bar or dry diggings, but other claims may be acquired by purchase. 

Miheral claim is a rectangular (unless it has one or more boundaries of previously 
recorded claim) piece of land not exceeding 51.65 acres in area. It is located by erecting 8 
legal posts: discovery post where mineral in place is discovered and posts No 1 and 2 on 
line of ledge or vein and marking ends of claim. Each post must bear name of claim, 
name of locator and date of location; on No 1 post an inscription indicating direction pi 
No 2 post and number of ft on right and left of line between them. Location line between 
poets 1 and 2 must be distinctly biased if in a timbered area, or, if in bare country, marked 
by earth or rock monuments. 15 days are allowed for recording, plus 1 day for each 
10 miles from recording office, after first 10 miles. Until a Crown grant is issued the claim 
is held practically on a yearly lease; minimum assessment-work. $100 value yearly, w 
equal sum pud to Mining Recorder, and assessments must be recorded within year. 
When $5(X) assessment-work is recorded and survey made, owner of daim is entitled to a 
Crown grant on paying $25 fee and giving notices required by Act. 

Placer claims are of 4 classes: creek, bar, dry and precious stone diggings. Cmsax 
BtooiNQs: claim to be 250 ft in direction of general course of stream and 500 ft wide on 
each side of middle of same. Bab diogings contain up to 250 ft on any bar covered at 
high water, or 250 ft long at high-water mark, and width extending from high-water to 
extreme low-water mark. In dry diogingb a claim is 250 ft square. Discovery claims, 
varying in number and length with the number of free miners in discovery party, have 
eame width as ordinary placer claims. Discovery to be established to satisfaction (rf 
Gold Commissioner, and thereafter no discovery to be permitted within 5 miles measoied 
along water-courses. 

Placer claims are as nearly as possible rectangular, marked by 4 legal comer posts with 
name of locator, number and date of issue of free miner’s certificate, date of location and 
name given to claim marked on each. In timbered areas boundary lines must be falsMed 
and marked by posts not over 126 ft apart; in bare areas monuments of earth and rock 
may be substituted for all posts except at corners. Proviaiona for recording are the same 
as for mineral daims, but placer claims must be recorded before expiration if to be held for 
more than one year. A claim must be worked by owner or person on lus behalf continu* 
oualy as far as practicable during working hours; if work is discontinued for 7 d^rs, 
except during close eeason or for other reason to Gold Commisaoner’s satisfaction, claim ii 
deemed abandoned. Gold Commissioner may declare close season for all claims in 1^ 
district, or a lay-over if water supply is insufficient. He may also grant tunnel and dram 
licenses, and easements over otiier claims. Mining partnerships are authorised for both 
milting and placer claims. , 

Placer-mining leases. Gold Commissioner of district may grant leases of unocmipna 
Crown lands approx 80 acres in extent, after location is made by staking along a loeatkMi 
line not more than 0.6 mile in length (2 640 ft). O^y an initial and final post are required. 
Width of leasehold is not to exceed 0.26 mile (I«20 ft), and locator, on both initial post 
snd in notice of intention to apply (posted at Mining Recorder’s OffiM), steto imw 
many feet in location to right and left of location line. Annual rental is $30; $260 to do 
expended annually on development work. 

steel boonti^.' By act of 1929, Lieutenant-Governor in may sgi 

bottntiss ito pig-hon sad eteel sbapee, when manufactured within the IVovim, mt 
eartafti eOiDimtsp^tmi. A bounty, as on phHron, may also be paid on medten Iron of a 

xhareotiaA^' 
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PhMplwt* antateg. ByvAet of 1925, irioalotum phospluito ii renovtd from “ Afiamral Aet ** 
(or pwpoM of ■dmi^tratioii, oo m to pwmit itokiiiE of phoopbote olaiini 1 miio ■quwnk. Thero 
MO apeoiat proviaiona ralating to proapecUng, ataking, liot^ng and renawab. 

Coal^ potroionm a^ natural gaa. For MO-acre blocka, with N-8 and E-W boundariea and 
no aide eaeeeding 80 eliaiAa in length, a licenae to proapect may iaaue for 1 year, anbjeet to renewal 
for aecond or t^d year. Annual fee, $100. Diaeovery of coal being made during or within 80 
daya of eapiry of licenae, land being aurveyed and licenae eonditiona fulfilled, a leaae may iaaue for 
5 yearn at rental of 15^ per acre, aubject to renewala (or 5 aucceaaive 3-year perioda on payment of 
$100 per leaae in addition to annual rental. After bona fide working, leaaee may porchaae the 
landa at $20 per acre where aurfaoe ia available, or at $15 per acre if aurface righto are not available, 
^yalty in addition of 2.6i pet bbl (35 Imperial gal) of crude petroleum. 

Ttsea. Special proviaione are made for leasing and subsequently purchamng Crown- 
granted mineral claims, reverting to Crown through non-payment of taxes. These 
elidms are taxed 25^ per acre per year. Output tax (payable quarterly), of 2% on gross 
value of mineral leas transportation and treating costs, is imposed on all mines except 
ooal, but refunded if ore shipments of mine do not realize market value of $5 000 in any 
Srear. Income from all mines subject to income tax are subject to exemptions and allow¬ 
ances in "Income Tax Act"; but, if output tax is pays bio, only the excess of income 
tax over output tax is payable. Coal is subject to tax of 10^ per ton of 2 240 lb (payable 
monthly), except where shipped to coke ovens in Province. Coke and coal land are also 
taxed. 


37. MANITOBA 

Gold and ailver. The holder of a miner's license (fee for an individual $5; for a 
Company, from $25 on a sliding scale to $1(M) per $1 000 000 capitalization) may stake 3 
claims for himself and 6 for other licensees. Claims are 1 600 ft square in unsurveyed 
territory, and 40 acres in suri'eyed territory. Staking is by 4 posts with name, license 
number and date on No 1 post. Recording must be within 15 days of staking, but if 
owsr 10 miles from Recording Office an added day for each 10 miles; and if over 200 miles, 
3 licensees may appoint one of their number an Emergency Recorder. 

Assessment work consists of 125 days work in 5 yeeurs, at rate of 25 days per year. 
Digmond or core drilling counts 5 days for each 4 ft, and drilling by compress^ air 2 days 
for each man employed. Survey counts 50 days, if made in first 2 years, and 25 days if 
made thereafter. 

Lease, which is obtainable after performing assessment work, surveying claim and 
furnishing security for damage to owners of surface rights (if any), is for 21 years and costs 
$10, idus rental of $1 per acre per annum. Leases are renewable, but at double the original 
rentsil. Surface rights may be leased at $1 per acre per annum. Transfer must be in 
writing, and in case of lease must be approved by Minister. 

Lacome tax on mining companies is as follows: Income up to $100 000, 5%; from 
$100 000 to $400 000, 6%; from $400 000 to $700 000, 7%; from $700 000 to $1 000 000, 
$8%; from $1 000 0()0 to $1 300 000, 6%; over $1 300 OOO, 10%. There is also a tax of 
$6 per claim. 

Placer claims are as far as possible governed by the above regulations. 

A Mining Board of 3 members has power to hear and determine disputes between 
licensees. 


38. NEW BRUNSWICK 

Prospector’s license, fee $10, entitles holder to stake ten 40-acre claims, which must 
be recorded within 30 days. 25 day’s work must be performed by Dec 31, unless claim is 
staked after Oct 31. 

Mining license, at $10 per claim, may be obtained on showing that work has been done, 
claim surveyed and bond posted to indemnify owners of surface rights (if any), and is 
rHMfwaUe on same terms. Licenses are in effect up to Dec 31 in year following year of 
issue; renewable upon performing 25 days’ work per claim on payment of $2f per chum. 
The Ucense gives right to mine. 

Mining Lease. Holder of mining license, who has opened a mine and operated it for 
8 months, may obtain a lease at $10 per year for each 40 acres, but rental Is reduced by 
ambunt paid as royalty. Lease ia for 20 years, renewable to 80 years and ia for specified 
fflinerals. Minister may cancel leaae for failure to operate for over 6 months. 

Transfer of claims must be in writing and rt«ister^, and consent of Minister d Landa 
and Mines is necessary in case of leases. 

Beyaltles. Coal and oil shale, lOfI per long ton; petroleum and natural gas« B% of 
valnant well's mouth; other minMals, as fixed bF Order^n-Counoil. 
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89. NOVA SCOTU 

A 

Oold and afiver. Mining (dainu are 40 acres. Apidioation may be made for Proqpeei- 
ittg LioMuw covering any number of mining claims, at 2£(i per acre and good for 1 year. 
Bxiedal licenses for 3 months may be obtained covering areas to 10 sq miles for flO. 
Within limit of license, a lease may be obtained good for 40 ymrs* fee, which is 60^ per acre 
with annual rental of 60^ per acre. Work requirements are 2 days’ work per acre of the 
claim, with diamond drilling and surveys allowed. Special provision is made for forcing 
owner to sell undeveloped areas either for cash or on a royalty baus and for rendering 
assistance by the Province to operators in development of mines. 

Minerals other than gold and silver. Prcepeetinic licenses (fee $30) and mining leasee (fee $80) 
are granted on areae up to 1 sq mile, with a max length of 2 milee. License is good for 1 year, and 
100 days’ work per area of 1 eq mile or less must be performed, one-half thereof within 3 montha. 
Diamond-drilling counts as 2 days per ft and surveys at 1 day for each $4, with max of 30 daya; 
geologiOBl, laboratory or chemical work also accepted. Bental is $30 per annum pet eq mile. 

Roysltist. Coal 12.5f! per long ton; copper per unit (1%) per long ton, 4fl; lead or gino 
per unit, 2fi; iron ore, 5fi per ton; gold 36^ per os.; silver 2^ per os; other minerab, 6% 
of value. Lessee may offset against rent any greater amount paid as royalties in any 
year. Prospecting on private lands is permitted, subject to compensation to land owner 
for damages. 


40. ONTARIO 

Miner’s license is necessary to stake out or acquire Crown lands for mining purposes; 
fee, $5 per year for an individual; for companies, $26--$150, depending on the share 
capital. Holder may stake out and apply for 9 daims in any mining division in any year 
on hia own license, including up to 3 each for 2 other licensees. 

Claim in unsurveyed territory, is a square, 20 chains on a side, of 40 acres, with lines N-8 
and E)-W astronomically. In surveyed territory claims have an area of approx 40 acres, 
and not exceeding 50 acres, and constitute subdivisions of lots of varying sixes. Claim is 
staked by placing post No 1 at N E angle, No 2 at 8 E angle, No 3 at 8 W angle, No 4 at 
N W angle, and by biasing the hnea connecting the posts if on timbered land, or erecting 
mounds of earth or rock in bare country. 

Appiieation for claim must be filed with Mining Recorder within 15 dsys aftmr staking, 
one extra day being allowed for every additional 10 miles from Recorder’s office. Fee for 
filing, $6. Within 4 months after recording, metal tags bearing number of claim (provided 
by Recorder) must be affixed to posts, and 30 days! work done in sinking, trenching, etc, 
except in winter (Nov Ifi-Apr 15). Including first 30 days, a total of 200 days of 8 hr is 
required, and not less than 40 days yearly within 5 years from recording date. Contiguoua 
claims hdd by same owner may be combined in groups of 6 for assessment work. In 
computing assessment work credit is allowed for diamond drilling at rate of 1 day for each 
foot drilled; for survey by a recognised geophysical method, at rate of 1 day’s work for 
each man necessarily employed in such survey; and for survey of claim by Ontario Land 
Surveyor, when required, at rate of 40 days per claim. Affidavits proving performance of 
work must be filed with Recorder within 10 days after expiration of each period, and when 
work is completed the holder obtains a grant in fee simple on payment of $2.60 per acre 
in unsurveyed, or $3 in surveyed lands; or, if in a Provincial Forest, a 10-year lease, re¬ 
newable, rental first year $1 per acre; subs^uent years, 26^. If in unsurveyed land, an 
Ontario land survejtor’s plan and field notes must be filed. On timbered land, permission 
.to work claim may be withheld until timber is removed. 

P)rovisiDn is made for dredging leases, but no special rules are provided foe placer 
worldngs, tiieae not being a feature of mining in Ontario. 

. Petroleum, astursl gas, coal and sstt may be prospected for in Northern Ontario under authority 
ft a Boring Permit, on staking out a block of 640 acres and payiuE a fae of $100. Permit for 1 year; 
renewable.. R a workable depoeit is found, a leese may iuue for 10 years; annual rental, $1 per 
acre, eubject to expenditure of not leee than $2 per acre per year. 

Miwiag ^ort oi Ontario baa power to hear and determine idl dispntea relating to mining landa, 
whether imtentod or unpatanted. It has power to grant such righto and easements as neceaeary for 
proper operation of ajoaine. 

r Tsmi. a graded tax is ooUecied on annual profits exceeding $100(M and up to 

000 000, nt rate of 3%; onexcesa»bove$l 000(X)0andup w$5 000 000,5%; onexoess 
nboyfi 95 000 000, 6%. Whtm there is no munidpal taxation, an annual tax of par 
neitigkrvied onimininglands. Natural gas is taxed at2^ per thousand ouft; arebateef 
76% allonred tf gas is used in Canada. 
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41. QUEBEC 

Mioing Uadi xnay be acquired: (a) ae a concession by purdbase; by oeoupying 
and working same under a mining license. In either case, a Miner's Cei^fia|te 010 ) is 
necessary; bolder may stake for himself 1-5 dauns, and same number fpr each of 2 other 
certificate holders. Claim is a square of 40 acres, 20 ch^ns to a side, running N-S and 
E-W; numbered stakes planted at corners, as in Ontario. In subdivided lands a claim 
is restricted to a half or quarter lot; where the lot contains more than 120 acres, sise of 
claim depends upon area of the lot. Claim must be registered with the Pept of Mines or 
nearest local agent within 1$ days; if 50 miles from a RR, an extra day is allowed for 
each added 10 milea Metal tags bearing claim number must be affixed to stakes witldn 
3 months. Claims are valid for 1 year (2 years if over 100 miles from RR, and assessment 
work is done in first year). After the year (or 2 years) a dbvelopuxnt ucensb may be 
obtained on (a) payment of $10 and rental of 50f$ per acre, and (b) showing performance of 
25 days’ work per claim; licenses valid for 1 year; renewable. Provision is made for 
extending time for renewing and in certain cases for paying added rental of 50fi per acre in 
lieu of assessment work. Five contiguous claims (subject to increase by Dept) held in one 
name may be grouped for assessment work. If a mine is opened on private lands, owner 
must be compensated. 

Miniag concession (grant) of the land may be had at any stage on pajrment of $5 per 
nare for bupebiob metals and $3 per acre for inpebiob metals, conditions of tiie grant 
being that mining shall begin within 2 years and that during that time there be expended 
for each 100 acres at least $1 000 in case of superior metals and $500 for inferior metals. 
IjrrrBBS fatbkt may issue after granting of concession and performance of conditions. 
CoMFABiBS, unless wholly constituted under laws of Quebec, may not acquire any right 
in hydnulic power, land, forost, or mine forming part of the public domain of the Province 
on Moh 15, 1937, or which may form part thereof at any time after such date. 

Taxes on profits: between $10 000 and $1 000 000, 4%; on excess of $1 000 000 to 
$2 000,000,5%; on excess above $2 000 000 to $3 000,000,6%; on excess above $3 000 000, 
7 %; exploration and development work may be deducted in determining profits. 

42. SASKATCHEWAN 

Qnartz aiiiting claims. Holder of a miner’s license (fee for an individual $6; for a 
company from $25 on a sliding scale to $100 per $1 000 000 capitalisation) may stake 3 
daiiM for himself and 3 each for 2 other license holders. Claims are 1 500 ft square on 
ussuTveyed territory and 40 acres in surveyed territory. Minister may grant iron and 
Bdoa locations of 160 acres. Staking is by 4 posts. No 1 bearing name of claim and 
staker, date and hour of staking and license number. Claims must be recorded within 
1$ daj^, but if over 10 miles from Recorder’s Office, one day is allowed for each added 10 
miles; and if over 300 miles from Recorder’s Office, 5 licensees may appoint an Emergency 
Recorder from among themselves. 

Aaseiement work of $1'(X) per year must be done in each of first 5 years. Diamond or 
eore drilling counts $5 per ft; drilling by comprewed air counts $7.50 per ft; survey work 
is flowed at cost and a geophysical survey may be counted as 1 year’s work. 

Lease, obtainable after performance of work, survey of claim and discovery of mineral, 
ii for 21 years, and costs $10 plus rental of $5 per claim per annum; $15 in case of 160 aeres 
claim; renewable for further period at douUe original rental. I^urity for damages to 
surface rights (if any) must be given before beginning operation. Trambfbbs must be in 
writing and for leases, consent of Minister must be obtained. 

JUralty on precious metal ores, with aver value of $5 per ton or less is 2.5fi per ton. 
Over ^ per-ton, royalty rate is obtained by dividing aver value per ton by 10 in the case qf 
precious metals and by 20 for other ores; the quotient is then multipli^ by the royalty 
rate to obtain royalty per ton of ore. Mines under same general management or oontrd 
may be considered as one mine. All royalties and penalties constitute a special lien 0n 
properties and madunery. 

Placer rfai™ regulations are same as those in North West Territories. 

Petroletta and nattual gas leases cover a minimum of 40 aeree and a masimum of \ 8^ fc'tc 
'in uneurv^ed territory, and a minimum of 40 acres and a maximum of 10’8OO acres in luri^eii. 
emitory. In unsurvsyed territory, no more than S leasee may be held except by aarigasesiiti 
Ras^ 50^ per mere for the fint year, II per acre tor aubeeqneat years. Maehiasiry and eqidpaniet 
for pHcepectiag satisfactory to the Minister must be on property witMn 1 year. .JSoring epemtieeii 
anwt begin within U months end be. oontinuoai, or qt least 820Q9iya M ist be. elipeodsd Ipfi ffm, 
(proviaion for extension by Miniet«r}. Bond savst be fvjrsiisbed jwcrd -wpbcg beghw,^.lHi4 
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dfillen Ueeaacd. Ri^alty i* p«y«Ue *6 rate find by Ordcr-in-Coundl, brine ant Iwn tbna 
or not mon than 6% for flmt B yearn and not leas than S% or more than 10% thereafter, 

CMd rlghta. An area up to 640 acres may be leased for 21 years at rental of |1 ptx aero 

per annum; lenses renewable. 'Fat minine operations, license to operate must be obtained from 
Coal Administrator. Royalty of 64 per ton is payable. Operations must beipn ^tfain 1 year and 
at least 8 tons per acre min^ in each succeeding year, subject to waiver by Minister. Surface. 
rUlhts may be leased at $1 per acre. 

Alkali ndtilng. An area up to 1920 acres may be leased at 264 per acre per annum. Lessee 
must expend f10 000 per lease or group of leases; $2 500 first and second year and $5 000 third 
year, unless sooner expended. Royalty, 12.54 per ton. Surface rights may be leased at fl pw acre. 


MINING LAWS OF MEXICO 


Summarised by Bobbbt T. BsmsMADa, Associate of Basham dt Ringe, Attorneys, 

of Mexico City 


43. HISTORY 

The history of Mining Rights in Mexico comprises 3 periods: (a) Pre^Colonial; (b) Colonial; 
(c) the period following the Independence of Mexico. In the pre-Colonial (prior to 1616) and the 
Colonial (1616-1821) periods, the ownership of all subsurface rights was vested in the Spanish 
Crown and was inalienable and imprescriptible. The '* I.,ey de Partidas " (1266), “ Ordenamiento 
de Alcalfi (1348) and the Law of John I U387). also recognised that ownership of all mines in the 
Spanish Dominions was in the Spanish crown, but Spanish subjects could work mining properties 
under license from the Crown, by paying the Crown a royalty of two-thirds of the profits. The 
first law affecting mining conoeesions in New Spain (Mexico) was enacted in Dec, 1526, and known 
as the “Real Cedula"; it contained the principles of the earUer Spanish laws, and the “Ordenansss 
de Minerla," enacted 1563 and 1584, both in the reign of Philip II, retained the prinripal provisions 
of the earlier laws; the second “Ordenansas’' being more liberal, in permitting the Kiitg's subjects 
to work mines without a special license. 

In 1783 the last "Ordenansas de Minerla" were enacted. Those referred speriSeally to mines 
in Mexico, and after its independence they became the basis cd its mining legislation. Under th ese 
" Ordenansas " a mining claim was acquired as follows: (a) make a denouncement; (6) register 
the same; (c) pay the required tax to the Royal Treasury. Articles 1 and 2, Title 6 of 
those " Ctedenansas " provided that the owner of a mining claim could sell, rent or assign it. 

After Mexico became independent, mining continued to be a public utility and ail 
aubaurface rights were vested in the Mexican Nation and like the ownership during the 
Spanish Crown was inalienable. In 1857 a new Constitution was adopted, and power to 
legidate on mining matters was by implication granted to the Mexican States, most of 
which adopted in toto the substantive provisions of the " Ordenansas ’’ of 1783. In 1883 
the Federal Constitution was amended, and mining legislation was entrusted to thei 
Federal Congress; and in 1884, the first complete Federal Mining Law was enacted. In 
1892, the Mining Law of Mexico was amended for the purpose of encouraging exploration 
and exploitation of mining claims. The Mining Law of 1909, without modifying the 
principles established in the laws of 1884 and 1892, reaffirmed their essential features. Thib 
Law of extralateral rights governing claims in the U S is not recognised in Mezioo. 


44. BASIC PRINCIPIES 

These are set forth in the Constitution of Mexico (1917) now in force. Paragraphs 4 
and 6 of Article 27 of the Constitution are as follows: 

“ In the Nation is vested direct ownership of all minerals or substances which in veins, 
layers, masses, or beds constitute deposits whose nature is different from the components 
of the land, such as minerals from which metals and metalloids used for industrial piuposss 
are extract^; beds of precious stones, rook salt and salt lakes, formed directly by ?"■*««» 
waters, products derived from the decomposition of rooks, when their exploitation requirca 
Underi^und work; phosphates which may be used for fertilix«s; solid minend fuele; 
petrolehm and all hydrocarbons, solid, liquid or gaseous." 

"In the eases to whidi the foregoing paragraph rd'ers, the ownership of the Nation 
is inaltienaUe and may not be lost by prescription: ooncesrions tiiall be graiUad fay the 
Fedinsd Oovammaat to private parties or civil or commercial corporatione orgaiused vaniar 
tito itmu 6t Mekiaf), only on eonditiem that said resources be r«gulaiiy developed. Mid on tte 
hathfar condition thaj^the legal provititnui be observed." 
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MINING LAWS 


46. MININO LAW OF 1930, NOW IN FORCE 

Tikis law. promul^ted Aug 7, 1930, consists of 137 Articles, divided into 14 Chapters 
and is too eatended to be included here. However, the first 7 Articles, also Articles O-'IS 
under tiie subtitle of “ Mining Claims," are quoted in full, and. a brief reference is made to 
some other Articles that are of particular interest. No attempt is made ^ to give'the 
procedural steps in acquiring concessions, and many other important sections are only 
luje^ summarised. (The engineer or mining company desiring further information is 
advised to consult competent mining attorneys in Mexico. Editor) 

Art 1. Scope of the law. This law shall regulate the exploitation, extraction and 
treatment of all natural mineral substances except petroleum and its derivatives, and those 
enumerated below, which will be nutated by special laws or by the Civil law; I. Soils 
suitable for agriculture or forestry. II. All rocks not commercially useful in the mining 
or petroleum industries. III. Products derived from the decomposition of the rocks 
mentioned in the foregoing paragraph, when their exploitation does not require under¬ 
ground workinga IV. Substances contained in susponsinn nr dissolution by undergroifhd 
waters not having their source in any mine. V. Materials used for constructions purposes. 
VI. Products from salt deposits (when not formed directiy by sea water), and “ tequee- 
4juite ” (saline surface crust). 

Arts. Minerals subject to this law are divided into: I. Metallic minerals; U. Non- 
metallio minerals, including guano and amber; III. Coal and graphite. 

Art S. Exploitation and treatment of minerals subject to the provisions of this law are 
of public utility, and are therefore to be given preference over any other form of land 
utilisation. 

Art A Conceasiona in general. The right to exploit and treat any minerals herein¬ 
before mentioned is originally acquired from the Nation, through concessionB granted by 
iJto Dept of National Economy. 

Arts. ConcessionB are of 8 classes. I. Prospecting concesdon (Cateo), which 
autl^rises and protects the person obtaining same to discover and work minerals suscepti¬ 
ble of exploitation. II. Exploitation concession, which authorises the person obtaining 
same to exploit and treat all minerals extracted from the land covered by the concession. 
III. Concessions for smelting plants (Plantas de Beneficio), which authorize and protect 
the construction and operation of smelters and mills. 

Arts. Concesaionnairea. Only Mexican citizens and Mexican companies or aaso- 
ciationB have the right to obtain prospecting and exploitation concessions; foreigners may 
be granted the same right, provided they first comply with the provisions of Article 27 of 
the Federal Constitution and its reglamentary laws. Foreign companies. Governments, 
and Sovmwigns cannot under any condition obtain such concessions. 

Art 7. Rights derived from a concession can not be transferred in whole or in part to 
foreign governments or Sovereigns, nor can these be admitted as partners, co-partners or 
shareholders nor hold any right under the concession. Consequently, any act or con¬ 
tract in violation of this prohibition is null and void. 

Art 9 . Mining claims. The unit of a concession is the mining fbrtsnsncia (claim), 
sHiioh is a solid of indefinite depth, bounded on the surface by 4 vertical planes corre- 
H>onding to a horizontal sqriare of 100 meters on each side. 

Art 10. A mining claim is an isolated perteuencia or group of adjoining ones, although 
they only touch at one point, and which are protected by a single titie of concession. 

Art 11. When because of adjoining mining properties, it is not possible to reduce the 
elaim to entire pertenencias, the resulting fractions may be added to it, in which case the 
claim will be deemed to be formed of as many pertenencias as there are hectares comprised 
M its horisontid projection, ea<h fraction of hectare being considered as one entire per- 
teoenoia. 

Art U. If, because of the drcumstances set forth in the preceding Article, it is not 
possible to form one entire pertenencia, the lot or claim may consist of a fraction of a 
pertenencia, but the area shall be computed in the manner provided for in that Artjole. 

Art IS. In order that the division, amplification, reduction and unification of an exploi¬ 
tation ooncestion may be legally effective, petitions requesting the same must be filed, and 
the procedure prescribed in this Law and its Regulations for the issuance of new titles and 
Che cancellation of former ones must be followed. 

Art 18. provides that surface ownera have a preferential right to a conoession. 

Aft IT. Assignment of a mining cehceation may be only to persom or ctHapaniea 
adio, aeoordii^ to the provisions of this law, have tite power to obtain the same h'om Ihe 
Nation. Assignments will only be effective against the Department or'third peMons^, 
irom the date they are recorded in the PuMio Mining Registry. 
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ArtSA Preapcctias (C«teo), eooeMrioiu, arMt: I. Glaiins nnut conrici ot 9 p«ri»* 
mniaaa indtidcid in a square of 300 by 300 meters, with posi^ons Sxed artronoodcally 
from N to S and from E to W. The starting point of the survey sh*!! be in the eentw of 
the sqiuure, but such portions as invade titled or penchng claims, and any fractions not 
contiguous to tiie one containing the starting point, shall be deducted from said square. 
II. Concessionaires may dispose of ore obtained from working the atove mentioned oon> 
eehrions and erect mills for the treatinent of such ore. III. They Aall be granted for 
2 years. IV. The beneficiaries shall have the exclusive right to petition for exploitation 
concessions, to replace the prospecting concessions in whode or in part, provided said 
petitions are filed while the latter are free. If a concession which has brnn requested is 
pending when the above term expires, the prospecting concession, with its rights and 
obUgations, shall be extended until the new concession is issued or a final decision is reached. 

Art 21. Location of the prospecting concession on the land shall be limited to firing 
the starting point and to the erection of the corresponding identifying monuments. The 
prospector will not be required to erect boundary momunents. 

Art 22. Mining agents shall grant to the applicant, prior to the issuance of the 
respective titie, permits to do mining work and to depose of the products so obtained, sub¬ 
ject to the approval of the Department. 

Art 24. No person or company can be the owner at one time of more than one pros¬ 
pecting concession. 

Art 26. Exploitation concessions shall only be granted for the purpose of exploiting 
one of the following: (1) metallic minerals; (2) non-metallic minerals; (3) coal and 
graphite. They shall be granted for an unlimit^ period and their surface area shril not 
exceed 100 i>ertenencias, except in the case of coal, when their surface area may be 1 000 
pertenenoias. This Article also provides that the concessionaire must prove annually 
the regular work required by Article 27 of the Federal Constitution and shall pay an 
annual surface tax. 

Art 27. Rights of a concessionaire. The concessionaire may during tiie life of 
his exploitation concession construct within or without the area of his concession means of 
transportation, storage stations, aqueducts and pipe lines, pumping plants, iwwer ti'ane* 
mission lines for his exclusive use, metallurgical and treatment plants and all other instal¬ 
lations necessary for the purposes of the concession. All the foregoing shall be subject to 
the provisions of the Regulations of this Law. 

Art 28-SO provide that proof of regular work must be made annually. 

Art 28. Forfeiture of concessions. Exploitation concessions shall be forfeited in 
certain oases. 

Art 24, 26, 36 provide for concessions for mills, the character of the oonceasion..for 
Public Service or private service and method of application therefor. 

Art 87, 88, 29 deal with rights and duties of the mill concesrionaires in treatment of 
ores delivered by the public and the rates therefor. 

Art 41^ 41 provide that a concession for a mill shall be forfeited in certain cases. 

Art 42. Right of expropriation. A concessionaire under this law baa the ri|^t to 
expropriate, after proper indemnification, such land as is absolutely essential, in the 
opinion of ^e Department, for offices, installations and other fixtures necessary to opwate 
the concession, for dumps, tailing deposits, waste, etc, and to utilise mine and other 
waters. 

Art 42. If the concessionaire is a foreigner, tiie expropriation requested by him will 
not be conudered unless he can prove that he has complied with the provisions of Article 27 
of the Federal Constitution and its Regulatory laws. 

Art44rAl deal with rights and duties of the concessionaire and his limitations in 
expropriation, and the ri^ts of the landowner. 

Art 62-78 refer to procedure for obtaining a concession from the Mining Agency imd 
the Department, with reference to applications therefor, and in application for a concession 
to erect a mill and oppositions thereto. 

Art 74, 76 provide for filing Articles of incorporation, concessions, lease or other con¬ 
tracts, relating to the concession, with the Public Mining Re^ster. Only documents 
and contracts which affect mining concessions will bo recorded in the Register. 

Art 80. Documents originating in a foreign country, and which in accor^noe wi^ 
the laws of Mexico should bo in form of a public document, must be protoooliaed within 
the Bc^ulffio bitfore being recorded. 

Iftscsnaneeus previsions. Chapter XII includes Artielee 98-120. The pertinent proviriona 
are: mining enterprises, oontraeta for the purpoee of prospecting, exploiting or traneferring a mining 
wumnmMto or disDOsiliK of ores derived therefrom ere ooneidered mercoBtile ecte end therefore reb* 
jeet to provisioim^ffia Commercial Code when not otherwiae provided for by thie Law. The 
baswieiarieB of exj^oitatioa and mill oonoemioaa muet enbmit annual report# to the Depertmeat, 
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Mttins forth the detaib of operetioni setore qf work exteuted ead quuititjr of on BXtnetod. Roporte 
moat be Moompuiled bjr pUiu ot tiie proieoted horiaontal end vertioid worldnc*. 

Conoeaeioneirea moat permit atudanta of the Mining Sohoob in the aountry to atudy end to 
eoqttira preotioa in Uie minea end fdenta operated by them, end provide aeid atudanta with feeilitiea 
end date for th^r edvenoeount. 

lha oonoamionaira muat keep • duly euthwiaad repreaantetiva or egant in ^a Rapublio of 
MexioOt with full power to reaeiva end axaauta all inatruetiona iaaued by (he Department end dedda 
any oueationa whiah may ariae. Conaeaaiona granted in eeoordanea with the Mining Lew of Mdy 8, 
1026ihf prior lawa may be changed for exploitation oonoeesiona euthoiiaed by thb.Lew, end thereby 
beoome aubjaat to ell righto and obligationa eatabluhed by (he letter. Quarentee depoaita made in 
aeooedanoe with the Mining Law of 1926 ahall be returned to the benefioiariea upon the iaauanee 
of (he new title, provided they prove due aomplianoe with all obligationa inherent in the former 
ooneaaeion. 

Art ISO-IIT. Commbaien to promota mining. Thb among other purposea haa for ita objeot 
the following: to eatabliah public mineral exchangee for buying and aelling ore, to eetablbh aupply 
Warehouses for miners, install local and regioxud metallurgical plants to treat ore from the publie or 
the Commission, buy and sell concentrates, and give financial and technical aid to mining coopera* 
tive Boeietieo. The Commission ahall abo be charged with the exploration and exidoitation of 
Nationd Reserve sones, and oupervbion of mining operations carried out by concerns with which 
the State may enter into contracts for such exploitation. 

Regulatioos of the mining law, enacted Sept 24. 1030, oomprbe 162 Articles, outlining the pro- 
eedure to be followed in making application for mining and mill oonoesaiona, and abo the procedure 
for idfecting expropriations and regutering documents in the Public Mining Regbter. MiHiKO 
pouG* AKD aarxTT BXociiAnoNS were enacted Oct 17, 1912. 


46. MINING TAX LAW 

A Mining Tax Law was enacted Aug 31, 1934, imposing (xixes on mining properties, on 
the production of metals and metal compounde, and the production of non-metallic min- 
erale. Chargee dependent upon the monthly fluctuation in the price of ore tn New York, 
are aleo imposed on the following: Sampling, assaying, smelting, minting and inspection. 
Taxes are also imposed on mining concessions based on the area, and on non-metallio 
miner al oonoeaubos. There is likewise an export tax of 12% on Ml exports of minerals. 
Most of the cooperative mining societiee have been exempted from payment of this tax 
by a Qieoial Presidential decree. 
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The following books are especially recommended for use of mining engineers. For a more 
ext^ded Us^see First Edition of thb book: 

Lindlsy, C. n. American Law Relating to Mines and Mineral Lande. 3 vol, 3rd Bdn, San Fran* 
eboo; 1914. Leadlng^work on American Mining Law 
Morrbon, R. S. Mining wghte on the Public Domain. San Francbco, 1917. Concbe summary 
United Statee Mining Laws and Rwulations. See especially following Circulars of General Land 
Offloe: No430(GeneralMiningLaws); No 491 (Alaska); No 672^11 andGaa); No6^ (Coal) 
Monti^mery. R. H. Income Tax Procedure. Vol 1 A 2, 1926 
Hdmee, G. B. Federal Taxee. 6th Bdn, 1926 

Mwine, A. B. Mining Laws of Canada. Toronto and Pbila, 1909. Most recent book on thb 
subject; numerous amendments to the laws have been made einoe 1909 

K«ta.~Due to frequent changea in the Mexican Mining Laws, no very useful Ibt of publioationa 
ean be given. 
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MINE EXAMINATIONS, VALUATIONS 
AND REPORTS 

1. GENERAL CONSIDERATIONS 

Object of on examiution is to form the engineer's judgment; that of a report is to 
■et forth this judgment in such form and detail as vill be most intelligible and legitimately 
useful to the client. 

Diversity of temperament and drcumstanoe of engineen and clients, coupled with that of the 
character, location, site, value, and state of development of properties, occadlons great differences 
in method and scope of both exkminations and reports. Examinations of developed mines that 
have been worked for considerable periods tend to become standardised in proportion to growth of 
standard conceptions of operating principles and practice. But, an examination even of such a 
property, while giving due weight to all data obtainable, must be treated as an original problem if 

the dient’s needs are to be met. 

.1 ' 

Standardization of method is sought and practiced by examining engineers whenever 
feasible, but no method capable of general application is likely to be developed. 

Since the value of a mine is its resources for producing future profits, that value is no 
more susceptible of accurate determination than any other expectancy, even in the ideal 
case of an absolutely developed mine. Fluctuation in market value of any product 
may change a profit into a loss or the reverse; and it is seldom, if ever, determinable whether 
at not further discoveries, laterally or in depth, will resuscitate an apparently exhausted 
deposit, or whether improvements in treatment, transport facilities, or labor conditions, 
will render profitable a seemingly valueless mine. The engineer must bear in mind these 
uncertainties, use his best judgment to determine their probable combined effect and, 
thou|(h it 18 clear that he should bring his conclusions to as definite a "yes” or "no” as if 
possible, the uncertainties in the bases of these conclusions should be so expressed in the 
report as will indicate to the client the degree of importance they occupied in the engi¬ 
neer’s judgment. 

In this section an attempt is made to set forth generally recognized principles and 
practice, to describe methods found useful under certain conditions, and to cite iilustra- 
tions which may help practitioners to meet the problems confronting them. 

Theory of procedure in an examination is to secure, carefully wei{di> and assign to ita 
proper place in the engineer's judgment, all obtainable information bearing on the enter¬ 
prise requisite to make the property profitable, or which will tend to prove that profitable 
operation is impossible ti^er attainable conditions. In examinalaon work, practice 
departs from theory so far as to eliminate investigation which the engineer judges unlikely 
to yield a gain to his client proportionate to the outlay of time and money involved. 

Conservatism, though as essential to sound judgment in mining as to any other 
undertaking, diould not be made an excuse for timidity or indifference. To attain the 
closest approximation to fact (not the largest possible discount of favorable data) is the 
engineer'a obligation and the client’s due, and is necessary to progress. An exact forecast 
beioff impMriUe, and error on the side of conservatism being usually less disastrous to 
the client than a mistaken optimism, the inevitable error should be kept on the con¬ 
servative side. Proper margins of safety are essential, but a serious underestimate of 
value is as great an error as an overestimate; it may be as disastrous to the client, and it 
u but little less blameworthy, though it usually involves less conspicuous censure. Aa 
close an approach as possible to the property's true value must be made, and the engineer 
must do tltis fearlessly, without conceding either favorable or unfavoraUe aspeotii.. 

Kelatlon and responsibility of engineer to client are similar to those of the lawyer. 
No honorable means of serving the client’s interest should be neglected, and every effort 
should be made so to present data that their meaning to the client shall be that which the 
engineer’s judgment indicates as most nearly correct. Though the engineer is justified 
in charging such fee as he believes the examination to be worth to bis client, or in contract¬ 
ing to do the work for leas if he believes this to be to his own interest, it is unproper and. 
ultimately unprofitable to regulate the extent and thoroughness of the examination (or 
the cate in preparing the report) according to the amount of the fee. Within the aoope 
of the examination (which should be thoroughly understood and preferably embodied ia 
a letter or other writing before the work is undertaken), the client has a to expect 
thet the engineer will give the best of which he is bapftble. 

99-03 
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Clirat it tbe individual, individuals, or organiaa^on, by whom the engineer ie nnaployed 
and to whom he ia responsible, makes his repwt, and looks for hia fee. 

• t 

la dealing with organisations, the engineer has both a right and an t^gation to <»*-«■«* that tire 
legally authorised officers edio employ him properly represent their organisation *and will uae 
his eervioee solely for ite advantoge. But it is obviously the duty of the engineer, and to the 
ultimate advantage of hie reputation, that he should sufficiently acquaint himself with the chaMcter 
and conduct of these officials to be assured that his servieeB are not being used to the detriment of 
his true client, the organisation as a whole. 

Saginaar ia the individual or individuals responsible for the exunination and report. 
AasiSTANTB are here included to the extent of their responsibility for either function. 

2. LOCATION, GEOLOGY, MAPS, EQUIPMENT, ACCOUNTS, 

AND REPORTS 

Location. Distance from sources of suppi,aB8 and from the habkbt for the output, 
also cost per tmit, safety and reliability of existing means of rnANSPORT, should be ascer¬ 
tained. If transport improvunents are essential or desirable, data concerning means, 
costs, and advantages should be secured. 

Mines producing much high-grade ore have been successful in unfavorable Ideations and 
with primitive means of transport, as, for example, the backs of men; but hard-rock, low- 
grade properties (the output of which has a gross value of sfty $5 per ton of crude ore) are 
workable only when on rail or water transport lines. Difficulty of access to the property 
from the financial cbnter furnishing development capital may retard development of 
small or low-grade deposits. Location with respect to supply of labor, water, and FUEL, 
or of HTORo-ELBCTRic POWER, is of prime importance; if these are lacking, the cost of 
supplying them should be estimated, and an adequate amouut added to capital required. 
CuMATB and its effect on operation of the property should be noted. Nature of the 
. GOVERNMENT of the countiy in which the property is located is important, if there is ques¬ 
tion as to its stability or ability and inclination to give proper protection to industry. Tea- 
dmey to levy excessive taxation, to pass restrictive laws, or to obstruct operation of the 
property by permitting illegitimate interference should be considered. 

Local geology is studied for the light it may throw upon the probability of presence or 
absence of economic quantities and values of the minerals sought, upon the relation of 
exposed values to quantity of assured mineral (Art 11), upon the prolmble persistence 
laterally and in depth of values and characteristics already revealed, and upon the best 
methods of exploitation. See Table 1. 

Strikes, dips, pitches, pinches, stratifications, and other rock characteristics, faults, 
horses, and primary or secondary enrichments of possible influence (Sec 2), should be 
conndered in deciding upon the amount of ore proved by existing or likely to bo proved 
by proposed development. These data, particularly when scanty, should bo supple¬ 
mented by similar information regarding neighboring properties or districts; especially 
those having the same values, or those of similar character with different values. Govern¬ 
ment or private geological maps and reports of the property and district, or of neighboring 
properties or districts, should be investigated for such information. U S Geol Surv folios, 
which include topographical and geological maps, geological sections, and descriptive 
matter, are valuable. They may be had by writing the Survey office, Washington. D C, 
ordering by number as in Table 1, and enclosing price in currency or P 0 order, payable 
to Director of the Survey. Maps and folios by the geological surveys of the respective 
states are frequently available at state capitals or universitiea 

Original geologizing, including geophysical surveying, should be undertaken so far 
as is likely to throw light on the '^ue of the property with expenditure of availaUe tima 
wd mqney. For details of geophysical methods see Sec 10 A. It should include a thorough 
examination of surface and underground exposures, and study of existing drilling records 
or cores (Sec 9). Character and position of wall rocks, and of the deposits themselims, 
diould be oonaidered as to their influence in determining the best method of exploitation. 

Sasa^es. Method and oost of working flat-lying seams, as many coals, clays, and phosphate 
beds, may be influenced by the strength and permeability of roof and floor. Depth, character, and 
relation to topography of the overburden of flat4ying secondary enricbmente, ae the copper por¬ 
phyries, determine the utility of the caving system of mining, or of the removal of overburden and 
open-cut work (Sec 10). Tbe workability of a placer depoeit by dredging, bydraulicldng, ground 
■iMioing, at drift mining) ib dntBrmined almost aa miuob by the oharact^i conditions and riope of 
bedrock, occurrence, diapoeition and sise of boulders, and depth and character of overburden ae by 
the ebgiBeeriag featuree of quantity and head of water and dibrie dispoeal (Sec 10), ^ 

>> Mm* of nine, property, and gooeral topography, both private and govenimeni, 
aU bo inrastigated and their reUalbiUty determined (as far as conoerna data of 



MIKE EXAMXNATXO»rS, VALUATIONS AND BEPOBT8 


TaUe 1. US Gsolotfkal Sitmjp FoUoa <av«ibibl« 1038> 


>» Name 

No 

ndoa 

Name 

No 

Ptioe 

Alabama: 


III 

Miaaouri: 



Baiwamar-V andi var 

221 


Herman-Morria: 



AAaona: 



Herman. 



Biabaa. 

112 

25^ 

Barrstt. 



R«sr. 

217 

25^ 

Dhnktn. ... 

210 

25# 

Arkansaa: 


Morria. 



Eureka.Sprinsa-Harriaon (Mo).. 

202 

25^ 

Miaaouri: 



Hot ISpringa. 

215 

25^ 

Joplifi Distrifit (Kaniil. 


50# 

California: 


Eureka Springa-Harriaon. 

Ba 

25# 

San Franeiaoo; 



Leavenworth-Smithville (Kana) 

nil 

25# 

^amalpaia . 



MoDtanft! 



San Franeiaoo. 



Phillipoburg. 

196 

25# 

Concord. ’ 

193 


Nebraaka: 


San Matao. 



Camp Clarke. 

87 

5# 

Haywaada.1 



SeOtta Bluff. 

inn 

5# 

Colorado: < 



New Jeraey: 


State loap. 


12.00 

Raritan. 

191 

25# 

Apiabapa. 

186 

50,1 

Elkton-Wilmington (Del, Md, 


Caatla Rook. 

198 

25^ 

Pa). 

211 

25# 

Colorado Springa. 

203 

25^ 

New Mesioo: 


Raton-Brilliant-Koehler 



State map. 


$1.50 

(N Meat). 

214 

50^ 

Raton-Brilliant-Eoehler (Colo) 

214 

50# 

D^ware: 



Doming. 

207 

25# 

CoataaviOa-Wmt Cheater (Pa).. 

223 

50^ 

Silver City. 

199 

25# 

Elfcton-Wilmington (Md, Pa, 



North Carolina: 



N D. 

211 

Hi 

EUijay. 

187 

25# 

Georgia: 


Gaffney^Kinga Mountain (S C) 

222 

50# 

ElHjay. 

187 

Hi 

North Dakota: 



lUinoia: 



Biamarek. 

181 

5# 

GiUaapifr-Mount Olivo. 

220 

25i 

Ohio: 



Miipphyuhnrrp-HerriA. 

185 

Hi 

ColumbuB. 

197 

25# 

TaJlula^pringfield . 

188 

2ii 

Oregon: 


Balleville~Breeae . 

195 

25i 

Riddle . 

218 

25# 

Gidena-Bliaabeth (Iowa) . 

200 

2ii 

Pennaylvania; 


Coloheatar-Macomb .. 

208 

2ii 

1 Barneaboro-Patton .. 

189 

25# 

Hew Athena-Okawville . 

213 

254 

Clayaville . 

160 

5# 

Carlylw-Centralia . 

216 

25^ 

Coateaville-Weat Cheater (Del). 

223 

SO# 

Iowa: 



Elkton-Wilmington (Del, Md, 



niilmtii.-T^liiiabeth (Ill) . 

200 

25# 

N J) . 

211 

25# 

Kanaaa: 


Fairfleld-Gettyaburg 

225 

50# 

rSAttAnwnrwl Fftlla . 

109 

5# 

Somenet Windber. 

224 

50# 

JopHn Diatriot (Mo). 

148 

50# 

South Carolina: 


LMvenworth-SmithviUa (Mo)... 

206 

25# 

Gaffney-Kinga Mountain (N C) 

222 

50# 

Syraouae-Laldn. 

212 

25# 

South Dakota: 



Matoa: 



Olivet. 

96 

5# 


192 

25# 

Parker. 

97 

5# 

1 .* 

Marjdand: 


Mitchell. 

99 

5# 

r!hAp#ji.n1r . .. 

182 

5# 

Alexandria. 

100 

5# 

TnlnliMifjbp. 

204 

25# 

Huton... 

113 

5# 

EBcton-Wflroington (Del, Pa, 


De Smet. 

114 

5# 

N J). 

211 

25# 

Aberdeen-Redfield; 



Miehigan: 



Northville. 




155 

25# 

Aberdeen. 



Dtfroit: 


Redfield. 

165 

5# 

Vr^yiui. 



Byron... .. 



Tkifjroifc. 



Nowell. 

209 

25# 

QraaaO Point.. 

205 

50# 

Central Black Hilla; 





Deadwood.....) 






Rapid City . 1 



Minnaaota; 



Harney P^.f 

219 

$1.00 

Minnaapolia-St Paul: 



Hermooa.1 



Mipneapolia . 1 



Tenneaaee: 

I 


, St Paul .. 1 



Ellijay ..... 

187 

25# 

Apolm . f 

201 

25# 

Texaa: 


Wbita Boar . ' 



AiatA map .. - 


$2.50 




Van Horn, .. 

194 

25# 




Wyoming: 



■ 



Statt map. . 


$f.50 




























































































LOCATZON, GEpiX>QT, 1A4PS, EQXm>IUBN7, ACCat7K)|B il6^ 

Iqr oataparuoii with MMsh oUiw and with the rmlity. lliay aiw atCudiad for 
information aa to dhnennono and poaitiona of boundary tinea, exiating or poaaibfai traim* 
portation, drainaga, topography, outoropa| uiulergroond axpoaorea, and drilling da- 
velopmanta. 

Wbepever praotioaUe, eopiaa ahould be made of all mapa of interest. If the orifinal are on Uaaa, 
ailver aegativee are recommended as furnishing a record from which copies can be cheaidy made 
when desired; new tides drafted on small pieces of linen, and black bwdered to conceal the Unea 
edge, map be added in the printing frame in making these negatives. Otherwise, tracings or pboio- 
graphie negatives should be made, which, though more expensive, we readily reinnduced. If insuffi* 
dent or lacking, maps should be supplemented by original sketches, or made from original surveys 
to the extent justified by the drcumetances (Sec 17, 18,19). U S Qnoi. Snnv TOPOOnAPSXCAi. lun 


an advanced price, those of their district. 

Mine equipment should be examined as to its future utility, and whether its alteration, 
enlar^ent or replacement would improve operating conditions. Except in cases of 
obvious inutility, a complete invsktobt is desirable. 

If much of the property value is in equipment, if property is to be acquired tmjbQrchase 
or lease, or if the engineer assumes responsibility for subsequent operations, a fwly com¬ 
plete inventory is essential. It should state the condition as well as items of aU real^, 
machinery and its fotmdatbns, grading, costs of erection, tools, supplies, and genend 
merdtandise. Items of plant having value if moved should be distinguished from those 
which are 'ralueless except in place (as grading, foundations, agd erection costs), the two 
classes being designated as movabub and fixxs plant. Amount and value of securities 
held, cuh and balance of good accounts receivable and payable, should be ascertained. 
Character and cost of improvements and additions necessary for further operation should 
be noted with such detail as accords with the engineer’s responsibility in the matter, 
respecting machinery required for mine, mill, smelter or transportation system, and general 
equipment, including offices, laboratories, houses for management, staff, foremen and 
general labor and commissary, also water supply and sanitation (Sec 22, 23). 

Operstiag methods in use should be studied to determine whether advantages could be gidned 
by modification or entire change. If so, an estimate, in such detail as is justified by circumstances, 
should be made of cost of change and of probable saving to be effected. 

Accounts and reports; operative and special. All available periodic reports of entor- 
prises that have been bawd on the property should be examined for the light they may 
throw upon totol and average outputs values, equipment and operating costs, profits 
and losses, capital employed and authorised, expenditures and resources, the skill shown 
and the difficulties encountered in operating with the equipment used. 

These reports may range from daily to annual, and include records of development, production, 
assays, financial transactions and conditions, costs, and profit and loss. Those of suflicient impor¬ 
tance to justify it under the scope of the examination, are best studied by tabular eompilsUott 
(bdow). By this method periodic summations, averages and rates per ton, os, lb, ft, or other unit, 
can be made aa desired, and checks secured against the ledger accounts, which in turn can be checked 
against the bank accounts. Reports by superintendents, managers, consulting engineers or directors, 
should also be checked against the results of these compilations. Much important information of 
determinable reliability can sometimes be thus secured, together u'ith important suggestions as to 
points requiring inveetigstion. Dtta of neighboring or similar properties are sometimes available and 
nan also be profitably stuffied. If the examination and records are of sufficient importance, and the 
accounts are numerous and detailed (Sec 20, 21), the services of an expert accountant may be 
advisable. 


Tabulation of Monthly Costs During 19—(Blank columns for unexpected additions) 



Tone mined 
or treated 

Mining 

Transport 

Smelting 

General 

Miso 


Total 

Month 

Amount 

* 

Per ton 
* 

Amount 

8 

d 

: 0 

£ 

Amount 

f 

Per ton 

Amount 

$ 

Per ton 

i 

Amount 

$ 

1 

§ 

' lU 

A®' 

Amount 

$ 

Per ton 

Amount 

$ 

1 

1 

Jan 
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jU(-^6 ftmm EXAMINAIIONjI, VAXfi^ATIONS ilND BEPOBTS 

Ttnai of Aoqoiiitiotu The eagineor aaniia liimaeU whether he io to l)o reqKMto 
dble for ti>e effect the terms may have ott the suecew of the enttt*prise. If ao, heghould 
familiarise himBd.f with these terms; if not (and the nature o( Ihe cam fails to make this 
obvious) he should bring out the fact in tbe*report in an inoffenmve manner. 


8. TITLES, LEGAL ASSISTANCE, AND FORMS 

Tiilos. A mining engineer may not be well qualified to pass upon questions of title, 
but tenure and ownership are of such vital importance that he ^ould inform Idmself 
thereon as fully as possible. Terms of tenure, such as operating concession, working 
b<md or^lease, or ownership in fee simple, and the chain of title on which the tenure is 
baaed, diould be thoroughly understood, unless the client prefers to take all responsibility, 
ot has specifically limited the scope of the examination so as to eliminate these questions. 
In the latter cases the report should definitely but inoffensively state the situation. Other¬ 
wise the engineer should investigate along the above lines until he can make definite 
statements. 

To illutt^te, the engineer may have pocasion to make one of the following statements in his 
rsport: A.'^n view of the client's assurances, all questions of title have been ignored; or the titles 
have been assumed to be perfect. B. The titles have been examined, or the engineer has had them 
examined by competent attorneys (whose names should be given), and found perfect; or certain 
defects, (which should be specified) have been found. C. In case of defects which attorneys and 
engineer agree are remediable, recommendation should be made as to incurring further expenditure 
on the property, or stopping/^ pending perfection of title. In case of irremediBble d^ecta, a joint 
opinion should be given as to whether the chances of gain are enough greater than chances of loss to 
justify proceeding regardless of these defects. 

Legal aagistanee (preferably that versed in local laws and practice when of sufficient 
caliber and reliability) should be secured not only on questions of title, but in making any 
important agreement, as a deed, working bond, or escrow agreement. In absence of 
lei^ advice, following forma (2) may bo used: 

Deed 

Tkit Indenture, Made the.day of.A.D., 19.., between.. the part... 

ot the first part, and.the part ... of the second part; 

Wiineae^k: That the said part ... of the first part, for and in consideration of the sum of . 

.dollars, lawful money of the United States of America, to.in hand paid by the 

said part ... of the second part, the receipt whereof is hereby acknowledged, ha... granted, sold, 
and forever quitclaimed, and by these presents do .. grant, sell and forever quitclaim, unto the said 

part : . of the second part, and to.heirs and assigns, all the following described real 

estate, situate in.mining district, county of.State of.. to 

wit: (Here follows description).Together with all and singular the mines, minerals, lodes and 

veins within the lines of said claims and their dips and spurs, and all dumps, plant, fixtures, improve¬ 
ments. rights, privileges, and appurtenances thereunto in anywise belonging. To have and to hold 
the lands,' tenements, and hereditaments hereby conveyed unto the said part ... of the second part 
.... Wrs and assigns forever. 

In Witneae Whereof, the said part ... of the first part ha.. hereunto sot .... hand .... and 
seal .the day and year first above written. 

Signed, Sealed and Delivered 

in the Presence of .Seid 


. .Seal 

‘ (To be signed, witnessed, sealed, and acknowledged before a Nntar. or other proper romniis- 
sioner, to meet the requirements of the State or County in which the property is situatini. Provisions 
for recording should also be observed.) 


Mining Lease 

Tkia Indenture, Makde this.day of.A.D., 19.., belveen ..,, 

of.. lessor, and. of. , lessee; 

TTt'tnessriA: That the said lessor, for and in consideration of the roycltirs hertir: ftrr reserved, 
and the covenants and agreements hereinafter expreeeed, and by the enid lessee to be kept and per¬ 
formed, ha.... granted, demised and let, and by these presents do . grant, demise and let, unto the 

aald leasee, all the following described mine and mining property, situated in... mining 

district, county df.. State of.to wit; (Here follows descripison) 

...Together with the appurtenances to have and to hold unto the said Isasee for the 

term of.from the date hereof, expiring at noon on the.day of....., 

20,. .'tutleaa sooner forfeited or determined through the violation of any covenant hereinafter dfinitist 
the said tenant.reserved. 

































; TiaiiBs; liBQAi As^ $8-07 

* 

Jkad ia «MMfder*tioa Um Mid dnnlie the mid ItMMe doM ooT«&ftnt Md agrt* iirith aptbl JmMt M 
follMrwto irSti To enter np<mMid mime dr preiiuseB»«nd woric the oune in the manner neoeeeeiy to 
«ood and eenmndeal mining, eo as to take out the greateat amount id ora mmeible, wito due Htgani, 
to the deeOlopmeat and p r eienr a tion of the eaid t»emiaeB ee a workable mine, and to the epeetol 
eorenante bereiaafter reeerved. (Here ineert Special Conditione and Agreements of loiee. Work to 
be duMtiOto.} 

I,n WUnut Whenef, tie. (See deed, except that usually the leeeor will require the eigaatura <d 
the lessee, with oonesponding alteration of form.) 

Workiiig Bond 

(A lease and option, also known as a working bond, is a common and preferable form of phrchase. 
At end of the mining lease above outlined, and preceding the final paragraph, proceed as follows:} 

And in consideration of the foregoing lease and the expenditures to be made thereunder .and the 
well and faithful keeping of the covenants thereof, the said lessee shall have tlie right to purchase the 

said premiaes, together with all improvements, etc, for the sum of . dollars 

.}, to be distributed in the following payments: On or before the.day of 

.19.., the sum of.to be paid (designate manner and place of payment), 

and on <»: before the.day of.. 19.., the sum of.(H«e insert 

further conditions, of payment.) 

Time being of the essence of this contract as to such psyments!*and upon the tender oi mch pay* 
ments, the lessor will execute, acknowledge and deliver at his own coat, goodnnd sufficient deeds to 
the leasee, or such person or company as the lessee shall nominate, conveying the said premises clear 
of incumbrance. (Deeds to the property are generally placed in escrow with some bank or resppnaible 
party, to whom payments are made when due under the agreement, and who delivers the deeds when 
payments are completed.) 

The forefeiture, surrender, or termination of the above lease for any cause shall render the optioa 
void, and the above mention^ payments may not thereafter be tendered. 

It is expressly agreed and underatood that this Agreement shall be considered as an optioa to 
purchase o^y, and not as obligating the said leasee to purchase said property. 

In WitntM WAertc/, tie, (See dose of Mining Lease.) 

Notice of Blg^t to Water 

The undersigned claims the water running in this.stream to the ntent of.. 

inches for mining purposes to be conveyed by (ditch or flume) from this point to the. 

plaeer daim. 

Dated...10... . 

Locator 

(This notice to be posted near the stream outlet, and the following form duly recorded in the 
district or county recorder’s office.) 

Pre-emptioii of Right of Way for Ditch and Location of Water 

To whom these presents may concern, know ye, that I,.of the county of. .. 

in the State.a dtisen of the United States, do hereby declare and publish as a legal 

notice to all the world, that I ddm, and have a valid right to the occupation, possession and enjoy¬ 
ment of tdl and singular, that tract or parcel of land lying and being in the county of.in 

the State of.. for the exdusive right of way for the purpose of constructing a flume or 

water ffit^ from.stream to.placer claim, more particularly 

described as follows: Commenting (here describe the exact route for ditch or flume). 

1 also daim, and have a valid right to the enjoyment and use of.inches of water 

from said stream for mining purposes, to be conveyed through such flume or water ditch to said 
chdm, together with all and singular, the hereditaments and appurtenances thereunto bdongiag, or 
in anywise appertaining. 

. Witness my hand andaeal this.day of.. A.D., 19.. 

(Name) 


Notice posted on the stream. ..,19... 

Ditch commenced at daim or at stream. 19... 

.of.County of..'..., ss. 

this,... day of. 19 .., befmu me, a.in and for the county aforasaidt 

in tha.stato aforesaid, personally appeared.. to me personally known to 

■be.the person who executed the foregoing written instrument, and acknowledged, that he executed' 
the MB^ tor the uses and purposes therein set forth 
% 'Wiiiwtamiy band and official seal 


Escrow Agreement 

Tlto^MsIfMi'deed of the .lode is hereby placed in the ...*,. 

.inenarow. Jl A.B. shall place, or cause to be tdaeod to the ereffitof CU>« asM 

in said.iBenk of .or on'boforo.IS. 









































d6->08 MIKB IBXAMINATIONS, VALUATIONS ANB REPOBT^ 

tlM full vtiib of.ddluv. tibrn ukd la that omm tba Mid Baak la hanby author* 

load to daUvar tlia aaoloaad daad to A.B., or hia ordar. la oaaa tkaaaid A.B. ■h«u fail to depoait <ba 

paid auai of. :... .doUani, aa abova proridad.. thao tiu said Baak ia 

haraby authoriaad to dalirar tbe aadoaed daad to tba said O. D. aad E.F. or thair joiat ordar. 

(Sicoad) C.D. 

E.F. 

.,19... (Haoe aad data) A.B. . 

(Whaa the option for puraaaa of a mine is desired by a third party, it ia safest and beat for tba 
owner to put a dead in esorow. It saves incumbering the record, aad averts questions that might 
arias eonearning payment of money. The deed should be a warranty, quitclaim, or mining deed, as 
agreed, fully executed and acknowledged, ready for delivery, put in a sealed envelope and placed ia a 
bank, or left with a responsible person, with an agreement written upon the envelope, aa above.) 

For infonaation as to location notices and patent proceedinss, see Sec 24. 


A THEORY OF SAMPLING; METHODS OF CRUSHING, 
CONING, AND QUARTERING 


Samtfing is the process of securinii more o: less representative samples of ore for the 
purpose of gaining information aa to ihe composition of the whole by investigation of the 
part (see also Beo 29, “Definition''). It is necessary unless the conditions are such that 
more reliable information can be gained from records of operation. The process is essen> 
tially one of approximation; only by special care can the heterogeneous masses with which 
the mining engineer usually has to detd be made to yield samples more than roughly repre¬ 
sentative. These should approach the truth as closely as practicable, and when used with 
full knotrledge of their limitations may be valuable. But, if the number of points from 
which equal and sufficiently large parts of the sample are taken is great enough in pro¬ 
portion to the irregularity in composition, and if these points are uniformly distributed, 
it is possible to draw a sample as exactly representative of the average composition of the 
mass as may be desired. The greatest difficulty in securing accurate samples is due to 
the inaccessibility of most of the interior of the mass. Dumps, or superficial deposits 
easily penetrated, can usually be sampled by sinking drill holes or pits. In case of mineral 
masses in place, especially those exploited by underground workings, sampling is generally 
limited to xocistino sxposubxs. These are made in the ordinary course of mining, and 
not to furnish uniformly distributed and convenient points for taking samples. 

Sampling is thus usually reduced to securing as accurate samples of the different ex¬ 
posures as circumatancas admit and justify. The average contents of the deposit are then 
determined by calculation of combinations made according to judgment, after studying 
the geology, and the relative position and size of the exposures (Art 10). Methods of 


sampling vary in detail according to sise, character, 
acoc^bUity and general condition of the deposit, the 
degree of accuracy required and the means available. 



Fig 1. Bing for Crushing Samples 



Cmihlng the sample. Unless a mass is composed entirely of relatively fine partidee. 
or is practically homogeneous, one of the most important features of sampling is crushing. 
It is a laborious process, and power crushers should be employed when feasible (Sec 28« 99). 
But much of the crushing necessary in mine sampling must be done on the spot, tdiere 
power crushers are not availaUe. Therefore, the miner’s hammer and an anvil consisthig 
of an old stamp head, large sledge, or piece of hard, barren rook, are usually empbye^ 
Iron rings with handles (fi) (Fig 1) are useful to hold the piece on the anvil, sc( that few 
chips fly «tnd die fingers are not aiqiosed. . t * 

Band-hammer crusbipg should be done ra a sampUag sheet nr quartering floor, td prevent toss 
of materiel or introduction of foreian matter. Aa iron mortar, with pestle operated threnihahcle 
in n eanvee edver, to prevent loss by Aping ehipe, is good. Soft materials like ooai mayhe enshid* 
in a litht mortar, with iroweeveted wood bottom aad eoOapeibieoaavaeaidai (7) Olga). > 











SPLnrZNO^ DECIMATING, AND LARGE-SCALE SAMPLING 2IM>9 

* la %orkiac down a n>mpl«> tho }«»•( ptmea muaUalwajw be small in paroportkm te tbs total 
ToIasM that ita totantioa or rejeaUon will have little effect on the Msult, even tho«^ SuA ptaee 
cont a in the maximum amount of impurity or value pouib^e in the oircumatanoee* Cruahinc to a> 
taaxitoUm rito of piece weiching 0.001 of the mata to be quartered (aa a l-oa piece in* 03.5 lb lot} la 
‘usually aatufactory. The extreme ease pf a l-os piece of chaleoeite (containinctogr 75% Co) would 
raise or lower Ute sample aasay by 0.16% Cu, if it occurred in the last quartering, white compensating 
errors in the whole series of quarterings woidd probably reduce this error oonaiderably. If care is 
taken that very rich or impure pieces are crushed comparatively fine, and thorou^dy mixed throoidt' 
out the mass during the work, accurate results can be secured by quartering masses containing 
ordinary pieces several timea the above eise limit; and when it is known that no pieces (d erratie 
value are present, the maximum sise may be considerably increased. But, unless the work is in ardl' 
trained hands, fine crushing before reduction is preferable when erratie values are present. Under 
prescribed conditions proper crushing can be insured by using a screen ss is done by the U 8 Bureau 
of hUnes, which provides a S/g-ln mesh screen with ita coal-mine sampling outfit. But trained 
obeeivation can determine and regulate the suitable aise with sufficient scourscy (see also Sec 31}. 

Cooing and quartering (see also See 29, Art 3). The crushed mass ia worlnd into a 
c^e by shoveling all the material to one point on the quartering floor, in auoh manner that 
we particles roll down in all directions from the central point. Irregularitiea in crimpo> 
stion of the mass are thus distributed aa concentric layers of a cone. The top of the cone 
is then flattened with the edge of the shovel, by spreading the material equally in all 
directions until a disk is formed, thickness of which is about 0.1 the diam. Thte disk is 
marked into quadrants, and the diagonally opposite quarters are cut out, esure being takbn 
that all material in the rejected quadrants ia removed, but no other. The maaa now eon- 
taina half the original quantity and, after reducing the large piecoa proportionally, coning 
and quartering are repeated, thus securing one-quarter of the original. The cycle of 
■ erushing, coning, and quartering, ia repeated until the sample ia of the desired siM. With 
Buflicient care that the cones are made up of layers of each ahovelful, evenly distrilnited 
about a fixed center, and that the cones are flattened by being worked out ev^y from the 
center in all directions (coning about a fixed vertical rod (12) insures accuracy in those 
respects), results of any desired accuracy are obtained, provided sufficient crushing is 
done eitiier before or during the process. 

Unless the sample is corrosive, the beet quartering floor ie a piece of boiler plate, large enou^ to 
hold the disk of material prapared for the first quartering. When available, the tum-platae at shaft 
landings make good quartering floors. A well-laid floor, preferably of hard wood, ia the next best. 
When neither ia avulable, a platform may be made by laying boards as solidly and evenly as 
poaeibte on the ground and covering them with a sampling sheet. Cloth covering is harder to keep 
free from residua] fines than a plate or wood floor, but thorough brushing with a whisk, or scrub 
brash, UBUidly suffices, and the cloth yields better results than when working on a floor containing 
eraoks in which fines can lodge and be lost or inopportunely reappear. The wh<de prooeee, iaeiudiag 
preparation, ia often referred to as quartering. 

Rtriling. When using a sheet in reducing lots of 100 lb or less, time is saved by itflUng 
instead of coning. It consists of mixing the mass by drawing one comer of the sheet 
forward towards the diagonally opposite corner, until the material has been rolled ovtar 
and over on itself to the limit of the capacity of the sheet. The first comer being laid 
back in place and the diagonally opposite comer pulled over the sample, the prooesa is 
reversed, and so back and forth. The material then being left in a lohg mass acrosa the 
center of the sheet, rolling is done at right angles to it, by working witii the other diedentaUy 
opposite comers of the sheet. 

' Two oyclae, of two rolls each back and forth with each set of cornere, give good mixing and leave 
sample ready for final rolling into the center by all four corners preparatory to quartering. Mixing 
may be imperfect unleae the folded-over corner of the eheet is held horisontally as it ia pulled for* 
wara; otherwise the matnrial may elide on the sheet instead of being roU^ over on itatdf. Also, if tbe,^ 
nuHS te wet and sticky it wUl adhere to the sheet and the mixing will be imperfeot. 


5. sPLrrnNG, decimating, trench, pit, drhx, • 

.SMALL-PARCEL, DUMP, AND LARGE-SCALE SAMPLING 

, « 

Splittitig is the reduction of a mass by some type of splitter, or eeriesof parallel troughs 
•hidt gUemately retain'and rdeet a series ot equally broad sections froni a s tream of 
Icmdbed material poured over thw (Sec 30, Art 3). 

iPor tide IXm Joaee eatader (9) te reoommerided, as giving results equal to the beet qnsrtadag. Iff 
nsiagltimure tiiould be taken to insun the usual proportion between the rise of thetergeetpieoa sae 
thatefllteiitteiiabouttiibesiffit fArtd); to maintain a steady, fuU-wldtit flow from ^ thoed; jto 
see thetttie eadto lot fa put ttomdt msd that the t^pantue fa kept clean. Hm tons shews to ImL 
jSqdIWyiJi 1l^, ieit is rmiSy eteaned with an ordtouy braeh. SpUtting ehovdd not b)» mod ea tost. 
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•tiokr MmpiM. Qiuurteriag in (Hi«h <«m k Imb objMtidnnble than other inethode ot reduetloii, 
ualaM nnnvoideble, ndaotion of wet, etieky eempiee ehottld not be etteoipted by Miy prooew. 

Doctenting. A maas in process of shipment or othw movement is most conveniently 
sampled by decimating; that is, by selecting for the sample every tenth oar, barrow load,' 
shovelful, or other unit of han<Uing. 

For accuracy, the number of units taken for sample must be large in proportion to 
irregularity in composition of the mass, and if the units of handling are large compared 
with the whole, every 5th, 3rd, or even 2nd unit may be required for the sample. With 
fairly uniform materials, such as the product of a good coal seam, 10 units in a sample give 
results accurate enough for most purposes. Ores of not very high grade and free from 
large masses of rich material may Ite satisfactorily sampled by taking 100 units in sample. 
Very rich, spotty ores may require 1 000 units, and it is difficult to secure a good sample 
from them without carefully working down the entire mass. Unless already fine enough, 
the whole sample secured by decimation is crushed and reduced by further decimation, 
quartering, splitting, or by use of a mechanical saupunu equipment (Sec 20). 

Trench sampling consists in cutting a series of trenches in a dump or superficial deposit, 
and decimating or otherwise reducing the product, or interval-sampling the sides of the 
trenches. The samples will be satisfactory if all classes of material composing the mass 
are out in their true proportions. 

Pit sampling. A number of pits or vertical diafta of small section are sunk in a 
manner similar to trench sampling. In dumps and superficial deposits, where large pieces 
usually accumulate at the bottom, variations in composition are more marked with depth 
than frith horisontal extent. A good sample can therefore be secured if a sufficient 
number of pits are so regularly distiibuted as to cut uniformly across this greatest variation. 

Fits in dump materia] must be supported by timbering, or other means, for retaining the vertical 
walls necessary to seeure a uniform yield from top to bottom. In stiff clay, and with short-handled 
tools, 86-in diam round shafts can be sunk 100 ft or more without any support. Small elliptioal 
shafta (13) only 28 in on largest diam, have been sunk in dumps to depth of &0 ft, lining with corru¬ 
gated iron sheets, driven as poling, and supported onS/g by 1.6-in elliptioal iron rings, spaced by VS'ia 
round iron hooka. 

Drill Munpling. Though a single pit yields better samples thmx a single drill hole, 
where drill sampling is practicable it is preferable because, at same cost, many more points 
can be tested by drilling than by ennkiug pits. This is especially true in sampling flat 
deposits beneath rock overburdens, as many coal seams, secondary enrichment "porphyry” 
oopfier deposits of woutern U B, flat-lying lead deposits of S £ Missouri, and sine deposits 
of Oklahoma or Wisconsin. Drill holes should be located with the same regularity as pits, 
close enough together to average the irregularitieB of the deposit and the drilling must 
be done with care (Sec 2, 10). 

Small-parcal sampling. Lots of a few tons or less can be sampled by quartering, 
siditting, decimating, or mechanically at a sampling works (Sec 29). With care any of 
^ese methods will give accurate results; though decimating, the cheapest and commonest 
method, is essentialb' the least accurate unless it is modified by taking every alternate 
shovelful. The value may be fairly approximated by careful grab sampling, particularly 
if the lot is first well spread out (Art 4, 5). 

Dumps containing more than a few tons may be sampled as above when their value 
and irre^arity justify it. Decimation of rich dumps by shoveling is quite usual. If the 
contents are not exceptionally irregular, dumps may be sampled with sufficient accuraojf 
by trench, pit, or drill; the latter, however, only when there are not enough large pieces 
to interfere with hand drilling, or when the dumps are large enough to justify installation 
•of power drill. 

Large-scale samples of many tons, or even thousands of tons, may be taken to deteiv 
mine the value of erratic ores; especially those containing metallics, as native gold, silver or 
copper, or very rich minerals, the average occurrence of which can be determined only by » 
bs.ndHwg large amounts. Large samples are also taken to determine amenability to treat¬ 
ment by mill or smelter tests. 

Difficulty of maintaining efficient surveillance in taking and handling large samides 
so reduces thmr usefulness ^at they are taken only where other methods fail, as in t^ 
Lakp Superior native-copper deposita, or where full-scale treatment is desirable. Bulb 
samples are usually secured by mining frmn the entire exposure a sufficient, uaifcwii 
thickness to furnish the desired amount. If this would give too great a bulk, miniature 
stopee may be made, of fixed else, and at r^pUar intervide; or the tmmage may be fuilber 
reduced fay making blasts at regular interveUr. aud Mcing equal quaatitiM from the 
average of ea<b blaet. Judgment and cam muet be ensrdmd in this work, and rides are 
of Bttie ssrvice. * <■ 
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6. mTBltVAL>CHA]mEL, CHIP, AND GItAB SAMPLING 

m 

Iiit«rTal*cluiUNt —mpHng is done by cutting channela st regUlsr iatwvals along tbs 
fongtit of tiie esposare. To secure an accurate average, the intervals must be nnaU 
enough, relative to the irregularity in composition and value of the exposure, to insure 
proper r^resentstion in the sample of any considerable irregularity. The amount from ‘ 
each cutting must be sufficient to counteract the effect of erratic oocurrwice of rich spots. 
Thus, the metallicB of the Lake Superior copper deposits require mill-runs instead of 
assays. Usually a few lb or even less per ft of channel will suffice. Channels out in a flat 
surface for combination into one sample must be equidistant, of equal length (or of full 
width of the exposure), and of uniform depth and width, to yield a constant quantity per 
linear ft of chapel. 


To samide a curved or oblique surface, which for calculation must be coBsidered as fiat and 
normal either to the dip or to the vertical, the channel 
lengths are assumed to be on the projection of the curved 
surface upon such normal flat surface, and the depth and 
. width of channel must be decreased to yield the uniform 
quantity per ft of projection, instead of per ft of actual 
length of channel. Thus, the curved back of a drift in a 
banded gold vein, sufficiently rich and well-developed to 
warrant such detail calculation, should be measured and 
campled in the tegular way only between B and C (Fig 3}. 

‘AB and CD are measured on their projections AB' and 
C'D, and the aise of the channel reduced so as to furnish 
the regular yield per ft of projected distance (5). It is 
generally undesirable to make these adjustments in the 
Add. Separate samples are usually taken from each chan¬ 
nel, and if great diversity in composition occurs, or adjust¬ 
ment for curvature is necessary, from each fraction of 
channel requiring such adjustment. Adjustments are made 
on basis of measurements taken at time of sampling. Chan¬ 
nels in well-banded msMes should cut across the banding. Otherwise the direction of individual 
channels may bear any relation, from normal to parallel, to that of the line of intervd measurement, 
provided they do not so converge as to emphasize or neglect any particular sampling area. 



Fig 3. 


Drift Sampling; Narrow Vein 


Mode of cutting. In soft, comparatively uniform material, as coal or clay, nbannela 
are readily cut with a prospector's or a miner’s pick. In hard ore, picks are almost useless, 
and in mixtures of hard and soft it is almost impossible to pick down proper proportions 
of each. Hence, in all but uniformly soft materials, the channel should be out with moil 
and hammer, either single or double-hand according to hardness of the ground. 


1, 2, or 3 men may thus be required, depending on « hether a single-hand hammerman holding bis 
own moil works on a sample sheet, or a sample box has to be held, or a double-hand hammer is used 
besides holding moil and box. A small pneumatic drill and moil steel may be used if compressed air 
is available. In any event, there should be an ample number of hunda and eyes, to insure careful, 
watchful work. Moils are uaually of 0.76-iu octagonal steel, forged to a diamond point on a taper 
about 2 diam long. The point for about 0.5 in from tip is at a larger angle, to increase its atrengto. 
Media vary from 8 to 18 in long; moat of them, 10 to 12 in. For hard ground, at least a doaen should 
be kept ready, to avoid delay caused by using dull points. Hammers are double or aingde'band, of 
weiidit suited to the strength of the hammerman. They vary from 3 lb for single, to 7 lb for douUe- 
hand Work and should be as heavy as can easily be swung by the sampler on all-day work, but, if too 
heavy, the worker suffers unnecessary fatigue. 


Preegutions. After determining where the channel is to be cut, care should be taken 
that the ore surface at this place is free from dust, foreign matter, and any efflorescence or 
decomposition, which may change the character of the minerals since first exposed. 

Dirt or dust can usually be removed by brushing with a whisk or wire brurffi, or wgeliing 
with water, but efflorescence and other altered matter must be chipped off dora to a 
solid surface. In firm ground, where there is little danger of jarring off loose piAoes out¬ 
side Ike channel, the sample may be caught on a canvas sampling sheet, say 6 ft aquarii, 
or large encug b when spread on the floor under the channel to catch aU material'eat, 
ittduding flying chips, l^en using a tiieet, extraneous matter may drop on it without 
engineer's knowledge, and enter the sample. Hence, cuttings are often eauidrt in a 
'dynaOiite or^oandle box, in a gold or a round-cornered rectangular bread pan, in a canvas 
bucket wilk*round bottom, or a sack the mouth of which is kept open by being bound on 
«a irire^ ring. CStipS are then prevmited from flying by the sample catcher idaciug tile 
eVim the point bring cut. , Objections to this melted are the 
fiN^'the qptting print down past tiw receptacle, surd the added attention requflNld- 
wurii^tihcct'lTiH aarvfi to prevent contamination or loss whilt hammer enuffiitg;. 
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aunples may bd Inunediately reduced on it to s few pounds weight, or «fmaH onniig ih to 
be readily proteotcjii fnau salting (Art 9). Before beginning to out a (duumd, it is well to 
mark its delimitations (usuaUy by making soot streaks wito the lamp flame)'idong each 
side slid for the entire length. To lessen opportunity for saltiug the' sample in place, 
the channels should not be marked'untU they are actually to be cut. Considmnble in>.! 
. genuity may be demanded in cutting samples from exposures difficult of access. .In high- 
backed drifts and backs of old fEtopes it may be necessary to bu^ platforml cm light 
timbers wedged like stulls between walls, or, in a wide stops, to erect light 
on "horses.” 

Sampling shafts. UwmiBBBsn shafts and winzbb are usually best ae m ple rf from 
platfonns on light stulls. If the material is easy to sample, the work in a vertical shaft or 
winze may be done while seated on a short plank suspended through the center on a windlass 
rope, and held as close against the side as is desired by a light cross pole hinged to the 
plank and extending obliquely up and back to the far side of shaft (5). The sampler, 
seated astride the rope, fixes his position as rigidly as desired by pressing his feet against 
one side of shaft, thus acting against the pole, which points back and a little up against the 
opposite side. The sampler's hands are thus free for cutting the sample which he can 
Receive on a sheet spread over his legs or on the shaft bottom. 

To sample closb-iauobd shafts part of the lagging must be cut out, and if care is taken 
to expose but a small area at a time and promptly to replace the lagging, no injury to toe 
shaft should result. 

In lagged shafts running down with too banding of the depomt, the full width of ex¬ 
posure is made accessible by cutting out entire panels between timbers; when necessary 
this can be done by cutting out, sampling back of, and replacing, one piece of lagging at a 
time. Shafts in the midst of a mass, as test pits of a placer deposit, may be sampled by 
imnoving part of toe lagging between timber sets, and cutting a uniform channel of such 
size as toe dlmenuons of the opening admit. If values vary greatly between sides of the 
shaft, ehanhels should be cut on both sides and handled separately. Otherwise it should 
suffice to out a single channel between sots, locate it on the side next to that in which the 
channel just above was cut, and so work around the shaft as depth is gained (Art 7). 

Chip sampling. Some unstratified masses, as the pyrrhotite deposits of Ducktown, 
Tenn, are so hard, tough and close-grained, that cutting channels is extremely difficult. 
Fortunately these qualities produce a broken surface, the irregularities of which are 
independent of composition, so that chip sampling gives satisfactory results. The work 
is like channeling, except that the sample material conmsts of chips moiled off along an 
assigned line. As in channeling, the chips must be so broken as to represent equal dis¬ 
tances by equal quantities. A proper proportion of fines and coarse must be secured 
from each point of chipping, and the number and size of chips determined in accordance 
with the irregularities of the exposure. 

Grab samples are taken by "grabbing” pieces at random. Information as to general 
characteristics can thus be gained quickly, and by careful adaptation of interval samj^ng 
a method of some precision is developed. The value of a dump surface, for example, may 
be determined with as much accuracy as desired by making the “grabs" at r^pilar and 
olosely-apaoed intervals, securing at each point the proper proportion of coarse and fines. 


7. UNDERGROUND AND PLACER SAMPLING 

Underground mineral exposures are usually best sampled by interval-channeling or 
chipping (Art 6). As stated, deposits the values of which are largely in native metals or 
other rich miner als can not be sampled and assayed in the usual way, and large-scale 
sampling followed by mill or snelter runs is requisite. Such work must always be checked, 
against previous operating records and a general estimate of value based on carefyl inspec¬ 
tion of ore exposures. In fact, before undertaking any sampling, toe peculiarities of toe 
deposit toould be determined as far as possible by such inspection. For this purpose frcfto > 
fractures should be made at frequent intervals, by breaking off pieces with a pick, or, ii)t< 
tough material, with moil and hammer. 

Time and fatigue will be saved, and the en^neer’s efficiency increased, if this work be 
dope by I or 2 good hammermen, at points indicated by the engineer, who is thus left to, 
devote his entire attention to studying the exposures. The sample interval is usually A. 
or 1^ ft: preferably 5 ft. wbioh is short enough to afford meara of check by caleulato|| 
two sets si results on'alternate samples. FreoiouaHaietal deposits should .be st^pd • 
fully fc» ridh streaks and shoote, and sample interval made enough to inouda^, 
enwptioniUy ,h)^ or low values.. In ease of sbrenks, it is (rftah dcftral#, to dlmde' 
dhtonel across banding into two or.moca samples* to insure prtqtor ]»H^i^oiung 0m* 
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nuke it po«ibl« to ezdude (witon ravniUed by aany) low-grad^ or bnrea strooka ooo wrtUig 
ao that in iubooQuent mininc.they could be left untouched (Ait 6). 

Plaew M i npl ing be done in n manner to idiow much wmAller values tban are ooop 
iddered in solid depoints. Large-scale dredging, favorably located, as that on American 
cw Yuba riverr, Cal, gives hi|dx percentage of recovery at pre<^ear cost of abou^ 84 per 
i»|. yd, and in such cases 10^ ground is profitable when in qiianrity sufficient to IcMp a 
dredge at work for a number of years (Bw-10). 

Under lavinrabla oondifions (properiy sloinna hedrook, abnndant water under suffleieiit head, 
i^d ample dump room) <Seo 10), hydiauUo mining coete even lees than dredging. 10^ per on yd is 
lietwera 7^ and 10^ per ton (0.003S to 0.006 mg per aaaay ton. or about the minimum an aaeayer eatt 
repent with any aesuranoe of accuracy), but placer samples are reported to the nearest 0.10 and 
averages ealeulated to nearest 0.010. For this the samples are measui^ and concentrated by rooking 
Siud pan nin g before being aaeayed. Fig 4 gives detaila of a practical rookm (11). 



ELEV OF SIDE 


Fig 4. Placer Gold Rocker 

Bcffldes determining amount, condition (whether coarse or fine), grade and distribution 
of the ^d, other features should be noted at time of sampling. If the property is to be 
dredged, it is desirable that the gravel (material up to size of a man’s head) be free from 
boidders. Strongly-built dredges, with buckets of a few cu ft capacity, will handle, at 
apme additional ojperating cost, pieces up to 2 ft diam, while 16 and 16-cu ft bucket dredges • 
handle boulders weighing over a ton. But, for a low operating cost, few large boulders 
1^ be present. Cemented gravel increases cost as does sticky clay, which di^ the 
entire equiiunent, resists washing, and carries off values (Sec 10). 

Magimnm dredgihg depth has thus far not much exceeded 150 ft in regular, average 
ooet pfgotice. Cf tUs as hi^ as 40 ft has been carried in the bank and the balance below 
laater fevri. Experienced dredge builders, such as Yuba Manufacturing Co. bf San 
EnmoifQo, Caltf, fiK)wsysr, feel that for a deposit of sufficienriy large scale and hi^ valui to 
ittatii^^tial «o^, a dredge could be derigi^ and built which would operate satisfactorily 
M nh^decab^.greater dapth to bedrock, which must be cWied to pr^ent Joss of gold. 
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Mlaiaum depth t0 tMdrbck must'esoeed required to float tiie dndfit, aod clear tbe 

■eg of the buok^ chiun, with dte ladder in any nCcenary opwadng poaitioB^ Gc^et cl 
removing aurfaoe timbert including 'etumpe. muet be detwinined. -Pnnenoe of any con- 
ndorable amount pf buried timber prolubite dredging. 

Proriiioa for handling ddbris is largely a question of dirty water, #ldch can hot be 
settled to a clear overflow; 60 minm-’s inches flowing into a dredge pond will nsuldly keep 
water clean enouidi for gold saving and offset seepage losses. Rapid>running streams in 
narrow valleys subject to unmanageable freshets preclude dredging, because of danger to 
the boat. Very hprd, rough bedrock, containing crevices in which gold value would 1^ 
lost, is equally impracticable for dredging. But, what ahowa in a stream bed as hard rock 
may be covered beneath the gravel by a soft, decayed, but sufficiently firm layer, suitable 
to cleaning by dredging (Sec 10). 

Methods of sampliag placers. The only exposures available in a virgin placer are 
tiiose made by freshets and streams. But some prospecting will probably have been 
done before the engineer’s examination, usually consisting of pits for mining by hand 
methods, or of shafts or drill holes. Each accessible point must be sampled, uid note 
made whether bbdbock has been reached. If possible, bedrock should always be reached, 
to inspect and sample the gravel lying immediatdy upon it. Character, strike, and dip of 
bed^k can then be determined, comparison with similar observations elsewhere precluding 
poanbility of deception by a large boulder. The exposures, if large enough, should be 
interval-channel sampled and each sample panned (Sec 10 and 31} or “rocked" indepen* 
dently. After recording, all the “colors" from a single pit are usually combined for final 
weighing and assay (Art 5). Table 2 is useful for calculating valu From fineness (2). 
The value of a mg of gold 800 fine is 0.09^, a factor which may be used when weighing colors 
from placers where the average fineness of gold has not yet been determined. 


Table 2. Fineness and Value of Gold Basis, $35.00 per ox 


Blnanasa 

Value 
per oa 

Value 
per grain 

Value 
per mg 

FinenesB 

Value 
per 01 

Value 
per grain 

Value 
per mg 

950 

$33.25 

10.0693 

$0.00107 

750 

$26.25 

$0.0547 

$0.00084 

•925 

32.38 

0.0674 

0.00104 

725 

25.38 

0.0529 

0.00082 

900 

31.50 

0.0656 

O.OOIOI 

700 

24.50 

0.0510 

0.00079 

875 

30,63 

0.0638 

0.00098 

675 

23.63 


0.00076 

850 

29.75 

0.0620 

0.00096 

650 

22.75 


0.00073 

825 

28.88 

0.0602 

0.00093 

625 

21.88 

0.0456 

0.00070 


28.00 

0.0583 

0.00090 

600 

21.00 

0.0438 

0.00068 

775 

27.13 

0.0565 

0.00087 






A depbait which has been proved by drilling can be chbck-bamplbd only by fredi 
drilling or shaft sinkiag. When the water flow is not enough to prevent shaft sinking, 
the sinking of pits on say half a dosen holes of representative location and varying value 
is the best diecking method. Measured representative amounts of the material from 
each 5 ft of sinking can be rooked, and after the shaft is complete these results may be 
dheoked as many times as desired by interval-channel sampling of the rides of the shaft. 
To be successful llie shaft must reach and thoroughly clean the bedrock, particular care 
being taken in measuring and rocking gravel close to and on bedrock, where most of the 
value frequently occurs. All the gold in a measured amotmt of gravel in place should be 
cleaned off the bedrock into the sample, but the rich gold-bearing sand surrounding but 
outride of the meaiured sample must not be allowed to run in and contaminate the sample. 

When, because of wet ground or other reason, shaft sinking is difficult and costly, and a drill and 
erew are available, adequate check can be secured by re-drilling holes instead of sinking shafts on 
tbem. That is, a second hole is bored .within a few ft of the original hole, ot as close as posrible with¬ 
out riak of entering ground disturbed by previous drilling. A portable chum drill, such aa "Key 
atone No 3," is usually employed (Sec 9). Thia machine, with 6-ia tools and properly used, yiel^ 

1 eu yd of gravel horn approx 100 ft of hole. When a new outfit must be purohea^ for bori)^only 
' a few holes, so that first cost is a large item, or when labor is cheap and unskiUed, or when trugr- 
pmiiaiion ia d^cult, a light hand-power outfit, like the "Emrire" (Sec 9) is useful. Bedrook muit 
be‘ penetrated fmr enough to determine its character, and that it is genuine and not simply a lane 
. boulder. The character and amount of ground drilled and the number of criors secured should M 
noted ft by fti Mid the ground-water Isvd recorded (Art 5). ^ 

Whether the work be done by pita or drill holm, a cImc check of individual holM ot- 
{dtfi it largely aoridental, and whether the results of a certain amount of driUihg , 

aceiepWi ('^du|^ with modification) ia a matter of judgment. ' ' <■ ' 

Thb et^ineor must detmnine if the average the cheeking holei ia in suffieiaat agree* 
aent average of the holes or ahafte chedted, or if-the diverganoe it too ItriMit fa, 
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proportum to tlie poastUe eporatiDg profit to permit uae ,(alter diaooant) ol the im^psui 
data. Methods of corabiiung date Mm dismused under Conclusions. Art 10< 75 to 80% 
of the pr^peeting value is usually considered to be recoverable by dredging, 100% 
has occaaionally been secured in practice. 

8. CAKE OF SAMPLES, NOTES, AND ASSAY MAPS 

Sample tag^ng. A good method is to write the number (and any descriptive mattw) 
with soft lead or indelible pencil in heavy lines on strong bond paper, like that of ordinary 
loosedeaf notebooks. The sheet is folded close, to enclose and protect tee writing, and 
placed on top of the sample just inside tee container. This marking may be con&med, 
in case of sack containers, by noarking the number with pencil on tee sack, either wi^n 
tee throat just outside tee tying, or on the outside if there is no objection to showing the 
sample number. 

Some prehr thin stripe of soft wood, about 0.1 by 1 by 2 in, on which the sample number is 
written in heavy pencil marks which can not be obliterated by a moist sample. Others use small 
pmper or linen shipping tags, one inside, the other tied outside the container; or brass numhsr tags 
placed inside. The marking should slwsys be in duplicate, so that the sample can not become vidus* 
leas through loss of a single mark. 

Field notes should show date of mmpling, name, and connection with the samples of . 
every one concerned in or present at time of sampling, and other information regarding 
tee specific day’s work. As each sample is taken its number and the data regarding it are 
recorded, including a full description of tee sample itself; as, exact location referred to an 
established point (preferably a survey station), length and character of cut, and any 
peculiarities of deposit or workings noted at or near tee point sampled. 

In sn examination in* 
volving a considerable 
amount of sampling, the 
notae may be sjrstematiaed 
by using a tabular form 
airaeged for specific con¬ 
ditions. Fig S shows a form 
suitable, for unde^ound 
interval-sampling. 

OflbBS rscord. To pro¬ 
vide against loss, and for 
convenience, it is well to 
coi^ field notes into a per¬ 
manent office record. Fig 6 
is a form of office record 
adapted to firid notes in 
Fig 6. Since field notes are 
made as samples are taken, 
samples of work in progress 
become scattered over a 
number of pages, but by 
keepiiig a separate sheet in 
the office record for each 
working (preferably in a 
loose-leaf binder) samples 
will appear in the order of 
their position underground. 

Sample coutainers. 

Samples of ores, the 
moMture or other vola¬ 
tile eoutonts of which need not be considered, are best sacked as taken, or immediatidy 
after such reduction as is made at the point of sampling. If, as is often the case, inter- 
ertg exist which might he served by deception, the sacks should immediately be sealed.or 
under look and key. The latter can best be done in the field by using a locked 
Wflww mail sack, in which the samples are in little danger of being tampered with, even 
by injection of viduea in solution (Art 9). But, given sufficient time and motive, salting 
can dsnidly be aocomiffiahed, and even the best protected samples should u little ag 
poatibl^ be left acoesaiUe to others than tee engineer's confidants. 

When moiatme or o*Jim volatile contents is to be determined, samples should bo ta&en on itB 
enamri^rioth hr rublAr shest, and should completely fill the contsinw. They are btet duried is 
actew-top eylindricaJ gtivaniied or tin cans, which can be hrameticeay sealed by swowing tbs top 
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2S-16 MINB EXAMINATIONS, VALTTATIONS AND KEPORTS 

down on n nibbor gMkot, w by Undlng the Joint with ■ovwol layoA <rf adbooiiro tafW. ComniT* 
■oUda art bat «uri€4 in slaM fruit Jan with glaH topa; libnidB and gaaaa in idaaa or aarthenwan 
botUat, or damiJcAnt with cork, rubber or glaaa atoppar, according to tba oharaotar of the auttida. 

Agggy maps are the beat method of permanently recording sampliaK reaulta, of studying 
theae reaulta in relation to each other and to the property aa a whole, and of aubmitting 
titeao data in a report. They are made by tradng a map of the mine, entering the aample 
poaitiona thereon by dot or line, and writing the number, aaaay, or vrdue of each aample 
alongidde ita looation (Sec 19, Fig 1). 

For entry of a aingle value for each aample, the acale of 1 in » SO ft ia as aatiafactory 
for aeaay plana aa for moat other work. If several constituents are to be entered for each 
aample, t scale of 1 in » 20 ft is preferaMe. If several entries per sample are necesaury, 
and only amaU-aeale maps are available (1 in » 50 ft or smaller), the sample number 
only may be written at the point of location, and a table of all data desired placed in a 
comer of the map sheet. This is not so good aa the direct entry of the data at the locac 
tion, aa the variation in value in the different workings is less obvious. Variations in 
aasaya for a single element, or currency valueb of several elements, are sometimes indU 
eated by intensity of shading, variety in coloring, or design symlwls, the fluctuations 
being thus shown at a glance. This method has gained favor on the Rand, So Africa. 

Besides the assays, assay maps bhould show the tonnage calculation blodrs, in amounts 
pnd average values. For steeply-dipping deposits, these blocks are best shown on longi¬ 
tudinal elevations or on slope plans. For flat deposits, plans are most instructive. 

9. SALTING 

Salting, the process of intentionally or unintentionally raising the value of a aample 
above that of the exposure sampled, must be continually guarded against. The possil^ty 
of intentional salting being attempted must be borne in mind even when circumstances 
seem to give little occasioa for it. 

Example. An engineer examining a copper mine, taken on operating leaee with privilege of 
purchase, recommended that the smelter be operated on average ore to be obtained by taking a slice 
of uniform thickneaa from the floor of earii level. The mine foreman, however, extracted all the ore 
for the teat run from a particularly rich lot which he knew to exist in the floor of one of the levels and, 
in absence of the engineer (who had been employed only for the single examination), the Iceaeea 
received the impreMion from the amelter returns that workings actually averaging 3% eontained. 
between 4 and 6% copper. The foreman had no oonneetion with the owners of the propn'ty, was 
solely the emplojre of the leasees, and had no apparent object in the deception. But he was a reaident 
and property owner in the distriet. and when subsequently tasked with the fraud explained that he 
feared that if the leseeea had known the truth they would not have completed the purohaae, the 
property would not have been regularly worked, and the expected rejuvenation of the diatriot 
dependent on operation of the property would not have been realised. 

Since the commonest cause of salting is the desire of vendors to effect a sale, lAe only 
safe practice for the engineer is to take every precaution against salting, even if the vendor's 
reputation and the general circumstances are such as to allay suspicion. Though it is not 
the examining engineer’s province to analyze the motives of those with whom he deals, 
he is responsible for so conducting his examination as to assure himself that deception has 
not been practiced upon him. On the other hand, unnecessary obtrusion of the precau¬ 
tions essential to such assurance is not only a breach of courtesy, but may cripple or retard 
examination work, since the sympathetic assistance of those who are showing the property 
is of advantage in promptly calling the engineer’s attention to such features as might 
otherwise be noted only late in the examination, or possibly be entirely overlooked. 

Salting has been effected by preparing the ore exposures from which samples vrere 
likely to be drawn, or by limiting the exposures to those showing high values. The 
latter is usually done by timbering and close lagging, or by heavy blasting so as to cause 
a cave (or the appearance of one) in barren sections. Rich ore may be placed in piles 
dtroughwt the mine, as though blasted from adjacent faces, in the hope that samples 
will be taken from them rather than the faces. The practice of stopiung each heading 
whUe it happens to be in good values is also employed. But in such case there is a fiur 
chance that the vendor himself may be deceiv^ by having discontinued develoianeni 
just as large .values are about to be encountered. 

The commoner method pf contaminating the sample itself may be practiced upoit>the 
eng^iwer at any point where he allows unprotected samples to be handled by othms than 
Mraself o^iiis confidential assistants. Local miners empbyed to cut samples can iladily 
salt by Mding valuable mineral, by breaking into fbc samplp>n ui^e proportion 
of the richer, streaks through which the sample is ^ing cuti r^ picking out fdeiges 
waste dut^ the work. ^Also, misleading results may be produced unintentionally. 
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Bamapl*. The early history of one of the creet oopper properties in soofthwestera If S wee 
cheokerpd by inoorreot oonolusions based bpon hundreds of progress samples averaging *% capper* 
from ore actually containing only 2%. These samples were taken by the operating company for its 
own information, by a system of interval-channel sampling laid out by a reputable European engi¬ 
neer. The actual sampling, faowevw, was left to the casual Mexican miner who happened to fa« bast 
needed on other work and he, minerlike and wholly inaooently, broke down and retained in hb 
eamplee the best ore showing at the pdnte sampled. 

Samples may bo salted by syringe injection of valuable solutions tiirough tbe cloth of 
sack containers. Exposure of samples during the quartering process affords excellent 
opportunity for salting by adding highly concentrated values shaken from the hair, finger 
nails, or clothing, or by intj-oducing them as expectorant, tobacco ashes or w'hat not. 
By manipulation of the reduction process, an undue proportion of barren material may be 
thrown into the reject. In fact, tlie metlioda which ingenuity can devise for salting a 
sample, even though it be in a scaled sack, are innumerable. The only safety for the 
engineer is to check constantly both sampling and assaying, and so far as possible, keep hie 
samples out of the hands of all except his confidential assistants. A sample known to be 
barren, and purposely carried for assay with the others, may catch some of the salter’e 
values if the lot is tampered with, and the sampler will be thus placed on his guard. (See 
also Sec 30, Art 9.) 


10. SAMPLING CHECKS AND CONCLUSIONS 

Checks on accuracy of both sampling and assaying should be made in sufficient number 
to give assurance that results are as reliable as circumstances admit or make desirable. 
When possible, erratic samples should be retaken with special precaution against inac¬ 
curacy or contamination. When assays can not be made prior to leaving the property, 
it is well to duplicate 5 or 10% of the sampling, selecting the samples for duplication at 
random, but so as to include those which appear to be of high, low and average value. 

Assaying should be checked by sending for assay a small percentage of duplicatea 
(the reject of the last reduction In sample preparation), and a few blanks of known barren 
rock, all under new numbering. Also, a few duplicates should be sent to a different assayer. 
These may not always agree in detail, but the average of the duplicates by either assayer 
should not varj- from that of their originals by more than a small percentage of the values 
contained. Provided the assaying is accurate, the dupucatb sampunq should check; in 
a similar manner; that is, actual duplicates may vary conaideraUy, but the average of 
duplicates and originals should show reasonable agreement. If sampling has been done 
on a short interval, compared to the total length of exposure (say 6 or 10 ft on large 
work), the average of alternate samples should closely agree with that of the intervening 
samples; the greater the number of samples, the closer should averages agree. 

Condosions from results of sampling should be baaed upon proportioned averages; 
that is, the quantity of material represented by an assay should be as much a factor in 
calculating an average as is the assay itself. Thus, in a well-defined vein, exposed over 
its full width and sampled at regular intervals, each assay is multiplied by the sample 
width, and the sum of the products divided by the sum of the widths to determine the 
true average. If sample intervals are irregular, the width is first multiplied by the interval 
to the succeeding sample (using the last interval on both the last and next to last sample) 
and this product multiplied by the assay. The sum of the interval-width-aasay products 
divided by the sum of the interval-width products then gives the proportioned average. 

In valuing ore exposures containing large and irregular proportions of heavy minerals 
in light gangues (as galena in quarts), a spsciFicKiRAviTT determination is sometimes 
made on ea^ sample, and the interval-width product multiplied by it before multiplsdng 
by the assay. The sum of the interval-width-gravity-assay products divided by the sum of 
the interval-width-gravity products then gives an average assay, which includes allowan^ 
for the specific gravities of different parts of the ore exposure. This refinement is unusuaL 
Cases are rare in which the engineer’s knowledge of the mining value of the deposit vrottkl 
be sofBcie^y increased by gravity determinations to justify the added cost; tor, since 
the value usually follows the heavy mineral, the probable effect is to raise the average 
assay. This, unless subsequently discounted, seems more likely to increase than to 
decrease error in determining the mining value. Owing in part to the more friable nature 
of the ’vaiujdile minerals, and particularly to the inevitaUe indusiou, whm mining, of 
some of adjftemt low-^p^de or barren material (which can not properiy be ad<}ed to the 
saunple),' the yield per ton of a carefully sampled deposit is generally krarer than the' 
calcttlat^'average, and the tonnage higher. An allowance (sa^ 10%) diould thord'ora 
be made fipr this in reporting values. 

A precautiem inmetinies taken against ovei^-valuation is the ELQamATKW eff mam 
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saoiATio rAXiVM, mbftituting for thcoa th^ avorage of tito two adjitoeat nmplas, but tiiia 
practice is questioiiable. If there are enough erratic values to effect tiie tet^t aerh>utiy, 
there taajr also be enough high values to justify inclusion of all. The proper dispontion of 
erratic samplM calls for careful study of each case, and for the engineer's best judgOient. 

Wh«t the deposit is wider than the exposure in drift, upraise or stope, and samides of unifonn 
widths bave4>eeu taken at regular intehrais, the width and interval factors disappear and tihe mathe* 
matieal, average of the assays appUes to tite area sampled. But, unleea the workings sanqiled an 
uniforimy distributed tbrou^out the deposit, msthematioal avwage should be applied only to the 
immediata and emallest poasible area, and araa aesaya should then be eombined wtth their reepeotive 
area faetom. That ia, the average of the whole is found by dividing the eum of the aasay'ehea 
' produota by the eum of the areas. This avoids the common error of applying to the whole the average 
of samplee at tured chiefly from a small, well-developed portion of a oomparatiTely large but little ' 
developed area. 

Calculntion of nvergge vnloes is facilitated by using a form like Ilg 7. From sample 
numbers, assays, measurements, and their products, the sums and averages can be recorded, 
and final summations and combinations made, from which to secure proportioned aver¬ 
ages of different blocks and of the whole. 
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Rg 7. Form tor Calculating Average Aaeaye. (Blank columna for unexpected additions) 


A pocket adding machine (sa the "Ve-Po-Ad”) and a elide r’in aseist in making fleid oalculatioas. 
More elaborate ad^g and calculating maohinee (as the "Monroe ') are exoelient for office work. 

In drawing conclusions from results of sampling, it should be borne in mind that the 
development of a deposit, or even a portion of it, is never so complete that an accurate, 
mathematical description is possible. The value of a mass^of ore can not be accurately 
known until it is mined and treated, and allowance must always be made for contingencies. 
, A single block of ore may be sufficiently developed to give results by sampling and 
calculation closely approaching those ultimately secured by actual mining. But the 
engineer should scrutinise the data of each block, to determine whether its development 
is of this tiiorough nature, or whether allowances must be made in the light of his knowledge 
of the characteristics of the deposit. This knowledge should have due weight in determin¬ 
ing his declaration of assured values of the entire deposit, which of course are based 
primarily upon his sampling And calculation. The report should include all important 
data bearing upon the conclusions reached. 


11. DETERMINATION OF QUANTITY AND VALUE OF 
ASSURED MINERAL 

Assured mineral is the amount existing of which the engineer can give definite assur- 
anee. It is neoeasarUy a minimum, not an ultimate quantity, though in case of mineral 
well blocked out relatively to the known irregularity of the deposit, there may be masses 
of proved mineral whidi can be quite accurately calculated. The term onn in biost has 
been widely employed, but has been so varioutiy used and misused that it has ceased to 
have a precise technical meaning. It has been suggested that ore exposed on at least 
3 sides be termed “in tight;'* but, in irregular depotits ore so eqioeed may still be imoertaia 
in quantity and value, w^e in regular depotits ihe ore may be assured, although not 
exposed on 3 tides. Hence, the use of the term is being abandoned by those who witit to 
convey a definite idea. An engineer’s statement of assured minraal ia essentially a eon- 
<^sioa bas^ upon judgment, not merely the result of mathematical calonlatiim. 

Matkods of caiculatiott, though timide, must be carefully applied ia Mwh case, so! that 
tbs ttistion of amount and tthal^ityof data to extent uid importance of conotpsions may ^ 
be fully realised. Assay mtegm (Art 3) beat tiiow tins relatbn, eppaciatty wheh-stodisd ia ^ 
tbras diigMitiona (plaa and tievatiom^, and form one the prime sourow d jiuWmation ^ 
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MtoiiM.dtBpe, value aadnlatioii^p of the different on wpoflurea. Structural teology 
of the depoeit muet alao be studied, so that isolated expointres will pot be oon^ei^ tjoa- 
■eeutive and intervening barren eohunes calculated as of value (Art 2). The averace 
assay value of the exposure of a given Uock being determined, volumse are oalouiated 
by multijdicaidon of average arm by average thickness, by inclined distance between 
eq>osures, or by depth between levels, according as the block is in a flat-lying seam, bed 
m Kme of enrichment, in an inclined vein, seam ot lens, or in a depottt of vertical extent 
m devriopment (Art 10). 

In a v^-defined, strong vein, of fairly evenly distributed values showing no tendency 
jto concentrate into lAoots, the value areas, measured normally between walls, and exposed 
at mnsecuUve levels close enough together to preclude unexpected irregularities, are 
multiplied by the dip distance between levels to determine the volume of mineral, and 
the values of the exposures, combined proportionately to their respective areas, may be 
taken as tiie value of the block. 

In large masses, developed by well-defined and sampled cross-sectionB, the accuracy of 
cidoulation may be increased by using the prismoidal formula. A mid-section is con¬ 
structed by plotting adjoining sections, connecting their definitive points, snd forming 
an area by connecting the mid-points of the connection lines, as in railroad earthwork 
practice (Sec 17). Masses that are well developed by drilling cross-sections are advan¬ 
tageously so calculated, the volume being found by multiplying t/a of the distance between 
consecutive sections by the sum of the areas of these sections plus 4 times the area of the 
plotted mid-section. 

Unless the development and sampling of a deposit is so uniform that the size, exposure, 
and number of samples of each block are practically the same, the blocks should be as 
small as the data will permit, so that a minimum number of assays will be grouped into 
an arithmetical average before being combined with the volume factor which they repre¬ 
sent (Art 10). General averages are then obtained by including the volume factors. 

An adaptation of Fig 7, by substituting tons” for ‘‘feet,” facilitates determination cf totiUs and 
average values of any desired combination of ore blocks. In laying out blocks for calculation, care 
nust be taken that all available data are included, and that such as are available suffice to assure tiie 
presence of Ute full calculated volume and value; or, if only a portion, what proportion is assured. 
Passible influence on each block of unexposed faults, pinches, horses, low-grade spots, shoots, riofa 
masses or other inclusions, should be decided only after careful investigation of the development of 
the'depoait in question, and similar deposits. Minable ore of less than sloping width must either be 
diluUd in the calculation by enough barren rock to make workable width, or the coat of eeparato 
mining of the necessary waste included in the cost estimate. The engineer's trained judgment ^ould 
be brought to bear on each block. 

Though the practice is regrettable, flat-lying deposita (especially placers) are often 
tested by irregularly placed pita or drill holes, so that the mathematical average of values 
shown gixms an erroneous idea of the average value of the deposit, even though the depth 
factors are included. As the tendency is to sink the greatest number of pits or drill hdes 
in the richest spots, the error almost always exaggerates the true value. 


j'i;: 8. Examplo of Irregularly Spaced Drilling 

. ■d^sslsathis wror, £vids the area of valnea on the map into as many trisnglas as possibie, 
■aving tnsW snglsa at tho pits «• holes as in Fig 8. Avoid over-wnphaaising any hots by eaptsring aa 
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itiMuiukl numbw «t ftbout it. NumbOT trisbglw utd umAga to oMh the svonce d^>tfa (tod 

value of it* ooroer holae< bn eomi^utiog 
overate value, iodude refepMtive depth 
faetMi. These data may Im arranged ae 

I s Fig 0. Another table (Fig IQ) shotdd 
bow the sealed base and half altitude, 
and the oalculated itroduct or area of eaeb 
triangle. Add to this (from 9} the 
depth and value of each triangle, and 
calculate the volume and total value of 
each. Dividing total the values by the 
total volumes, gives a value per viduiAe 
(f per ou yd. in ease of gcdd plaeen). in 
which theoretical errors or proportioning 
irregular developments are much reduced, 
provided the triangles have been so laid 
off as to avoid overemphaaising any hole. 
Equilateral triangles are ide^ (each angle 
~ 00°), and by introdudna the factor of 
the uuuiber 60° units (or dedmals) in 
each angle of each triangle, greater theo* 
retie aeowaey is attained (24). But, good 
judgment in using the simpla method 
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Fig 9. Sample Holes and Values 

ffften gives as eloae an approximation to the 
unsyetematic exploration under consideration. 


actual values present as ia attainable with the 
Regular exploration is always best. 


TH- 

aagia' 

No 

Sealed 

dimensions, ft 

Base, 

yd 

Half 

alt, 

yd 

Bate by 
half 
alt» 
area, 
sq yd 

Aver 
depth 
of 3 
comer 
holes 

Area by 
aver 
depUi>- 
vcfiume 
in ou yd 

Aver 
value, 
i per 
ou yd 

Aver value 
in$by vol 
in cu yd 
-totd 
val in tri- 
ande. 1 

Base 

Alt 

28 

410 

210 

136.66 

35.00 

4 783.10 

10.99 

52 566.27 

12.6 

6 623.35 


Fig 10. Volumes and Valtue 


Besides natural variations from apparent values, artificial variations may ooctir. Abandoned 
workingB may be concealed by timbering or muck, intentionally or by accident. The latter is common 
in mines which have passed through many managements, and may reveal unlooked-for conditions in 
apparently weli-defined blocks. A ease is on record in which a rich ore-block, defined by excellent 
axpoBures in backs of levels above and below and in upraises at either end, had been almost com¬ 
pletely gutted through a winse in floor of upper level, which had been timber^ over and covored with 
tram-road muck (4). When the decision hangs on presence tn toto ot a few srali-dtoveloped Uocke of 
ore, care must be taken to insure that neither natural peculiarities nor vicious intentions deceive; poe- 
albilitiea which must be recognised and guarded against (Art 10). But such deception can rarely be 
practiced on sufficient scale materially to affect condusions. After being shown over the propwty, 
the engineer should put directly to the executive in charge (and, as opportunity offers, to each aubor-, 
dinate independently) the question whether the engineer may be assured that he has seen every known 
opening or exposure, and whether any such exposures are incorrectly shown on, or omitted from, 
t^ maps submitted. Unintentional oversight will usually be thus discovered, and, in case of inten¬ 
tional deceit, some one reply may be sufficiently evasive or contradictory to arouse suspicion and Usad 
to disoovery. 

Tonnage factorg. The factor by which the volume in ou ft should be divided to reduce 
it to tons is determined by dividing 2 000 lb (or 2 240 lb for the long ton) by 82.5 ib 
(wt per cu ft of water) X sp gr of the mineral mass (Sec 1, Art 3). 

To determine sp gr take tiie aver of a number of sp gr bottle-tests on aver cradled sam- 
pleA Fill ,a narrow-neck bottle to a mark with distilled water at 60° F and weigh (a). 
Introduce a weighed amount (b) of sample, restore water level to the mvk after insuring 
removal of all air accompanying the sample (done by boiling, if ore is sufficimitly insoluble) 
and take final wt (c). Then, sp gr of the mineral 5 4- {(a + 5) — c]. (See Sm 1, Art^$.) 
After estimating aver ore composition, the aver tonnage factor may be compute from 
Table 3 (1). 

Ba s i n p le."~'A tea of ore in place, composed of 70% pyrrhotite, 7% chaleopyrite, and 22% Shbist, 
will occupy a volume - (70% of 7) + (7% of 7,6) 4* (23% of 11.9) m 8.2 ou ft; or, in practice, calf 
taanage factor 9 eu ft. 

As in Ijhe example, it is advisable to allow for.inaceuradea by ustng a.lag^ ionnaifl 
faOtor than calculated, regardleaa of bads of caleolatkm. For poroua minMsd maswic^ 
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1, 2 or more <ni ft msjr have to be aitlded, to get oorreot tonnage factor. In iaoportant 
eaeea, wbere uncertainty exiate, the weight of an accurately meamured exoavathm ahould 
be takmi to determine the .proper factor. If depout ie large enouidi for planimeter mCae- 
urement of reeerve areaa, and if production reconla are sufficient, a tons-iier cu ft factor 


Table S. Weights of Minerals and Rocks 
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897 9 

2 1 

CSAifBum. 

Caldte. 

168.4 

BliH 


Cinnabar. 

505.1 

4.0 


Aragonite. 

187.1 

ing 

Molyb- 



OypAuin. 

143.4 

13.9 

donum..... 

Molybdenite. 

Kivva 

7 0 


Fltinmp&r. 

199.4 

10.0 

: Nickel. 


349.2 

5 7 


Apatite. 

199.4 

10.0 


Nicnnlite. 

467 6 

4 3 

Coal. 

Anthrcicite. 

93.5 

21.4 

Platinum.... 

Native (avra*).... 

iTitm 

18 



81.0 

24.6 

Silver... 

Native (aver).... 

654!? 

3'5 

. 

Linnasite. 

305.5 

6.5 


Argeatite........ 

455.1 

4 4 


Smaitite. 

1 405.3 

4.9 


Tleasite. 

530.0 

3 8 


DfbhFiltitif!. 

386.6 

5.2 



561.1 

3 6 



187.1 

10.7 



498 8 

4 0 

rSAnnAT. 

Native. 

554.9 

3.6 


Pvrargyrite...... 

361.6 

5 5 


nhalencite. 

355.4 

5.6 


Stephanite. 

392.8 

5 1 


ChaJoopyrite... . 

262.0 

7.6 


Proustite. 

342.9 

5,B 


Bornite. 

311.8 

6.4 


Cerargyrite. 

336.7 

6 0 



274.4 

7.3 

Siilphtir. 

Native (aver).... 

130.9 

15 5 



305.5 

6.5 

Tin. 

OaMiterite. 

424.0 

4 7 



236.9 

8.4 


r^tannite. 

280.5 

7 1 



374.1 

5.3 

Tungsten.... 

Wolframite. 

455.1 

4 4 


Chaloanthite.... 

137.2 

14.6 

Scheclite. 

374.2 

5.3 


Malanhiie.1 

243.1 

8.2 

Zinc. 

Blende. 

249.4 

^V;Wi1 



230.7 

8.7 


Zincite. 

355.4 

1 S 6 



137.2 

14.6 


Onalarite. 

124.7 

mrm 


rKnpf Aflfk 1 

205.7 

9.1 


Smitfasonite. 

274.3 

7.3 

Gold. 

Native. 

1184.7 

1.7 


Calamine. 

212.0 

9.4 

Tivm. 

Pyrite. 

318.0 

6.3 


Boek$ 




MarAfkJiitA. 

299.3 

6.7 


Quarts. 

162.1 

12.3 


Pyrrhotite. 

286.8 

7.0 


Andesite, r .) 

181 0 

tUJ 


Arsenopyrite,... 

374.1 

5.3 


Basalt.1 





311.8 

6.4 


Diabaae.1 

187,0 

10.6 


Menaceanite.... 

299.3 

6.7 


Diorite.1 



311.8 

6.4 


Granite. 

168.0 

11.9 



236.9 

8.4 


T.imeetone. 

168.0 

11.9 


flifferite. 

236.9 

6.4 


Porphyry.... 

162.1 

12.3 



467.6 

4.3 


lUiyolIte....... 1 

149.6 

13.4 

. 

. 

405.3 

4.9 


Sandstone...... > 


An|f1«Miite . . . . 

393.0 

5.1 


Schist. 

168.0 

11.9 


Crocoite. 

374.1 

?.3 


Shale. 

162.1 

12.3 


Note.—For oompontions and specific gravities of minerals, see Sec 1. 


may be'used for computed volumes and known tonnage produced. That is, if wed of 
^traction V yielded T tons, how many tons will reserTe^vol yield? 

Rou^Jy, eu ft <rf anthracite coal may he reduced to long tons by diviffing 24; Utmainoue 
eoai to abort tons by dividinc by 25; qnarta and feldspar maases by dividing by 18 for by laeton 
do'm to lOi if auffieientbr sui(diiMsd); sulphide and non-ozids masses by 10,9,8, or 7, aeeordiag sa 
titsy Onnaist ohieay of liptocivs. ZnS, FeS, FeSf, FeiOs, FesOs, or PbS, or eoatsdn morn or Ism gadgWi, 
iK.ptdMdsass,or poToua instrooturs. Lem than 6 on ft of pure PbS make 1 ton. Endum|Mi,tlMv^«iM 
MStaliy tan^ from 1.8to 1.9 timM the viduioo of same sw^ial in place. Caleulation of co mbined 
tonnaiM’sMv^aM.aa of ffidivldualeapoBurM, are best made in tabular form Case Fig 
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mike examinations, VAX^TTATIONS AND BEFOETS 


12. PROSFBCTIVS VALITES, PERCENTAGE OF RECOVERT,. 
COST OP PRODUCTION- ^ 

Prot^eetiTe qoaatitiM ftnd This subject requires mOTe highly trained judg- 

ment than, and is of as much vital interest to the client as, any other part of an e^ineer's 
report. Having collected all available data as to past yield and present showing ol>aluea, 
gedogieal conditions in which these values occur and records of similar conditions and 
depoata in vicinity or elsewhere, a careful sifting, balancing, and digestion of these data 
must be made in order to form as definite an opinion of the prospects as possiUe. To 
orystalltse this opinion in practical form, the engineer may propound to himself the follow¬ 
ing questions: 1. What are the geological and artificial limitations, as folds or change of 
formation, well-determined faults, and property lines (including apex-4aw limitations), 
and to what extent do these preclude possibility or probability of further development of. 
valuer in depth or horisontal extent? 2. Are there any highly probable continuations or ' 
indications of independent values on the property? If so, what is the least development 
and cost which wiU yield definite information regarding such values, and what develop¬ 
ment and cost is necessary to prove thoroughly these values, for establishii^ a profitable 
inddstry thereon? 3. In addition to highly probable values, what hopes may reasonably 
be entertained as to extent and value of the ultimate mineral resources of ^e property, 
what scale of outlay is likely to be involved and justified, and what, if any, definite limita¬ 
tions do local conditions place on such hopes? In general, deposits not definitely limited 
are likely to contain at least 25 to 100% more ore than can be actually assured. 

Example I. (Question 1) A deposit was limited at one end by a property line aeroee which the 
orebody passed to an adjoining mine, while the structural geology showed plainly that the main 
workings bottomed in and were limited by a synclinal trough. (Question 2) Comparatively small 
outlying developments on what could be traced as the downturn of an anticlinal fold succeeding 
the synoline, exposed a small but excellent ore showing at a lower level than the bottom of the 
eyncline. llie property being in regular operation and equipped for diamond drilling, II 000 spent 
in borihg in the floor of the bottom ore was likely to add many times this amount to the value of 
assured orq reserve. (Question 3) The drilling was also likely to trace ore to sufficient depth to justify' 
sinking a winse, so as to render a new level aeoeasible to tlrilling. The winse, including drilling at 
the lower level, would cost IS 000. Granting the first favorable diamond-drill showing, the general 
features of the deposit and the reputation of the district warranted the hope that enough ore ooi^ 
be proved and indicated to justify opening this outlying deposit direct from the surface (replacing 
the long crcesouts and hoisting winzes through which previous development had been made) by an 
efficient main shaft to cost about |100 000. This shaft in operation, a low-grade outlying deposit on 
the strike (of which there was hope, because of the 25 to 50% increase in value with the depth of 
the deposit being developed) could readily be proved and exploited in depth. This outlying body 
onee proved valuable, in addition to the main deposit, the mine would have an indefinitely great 
future, notwithstanding the limitations of pibperty line and fold (Question 1). Sinee the mine was 
equipped and in profitable operation, its purohsM at tiie full profit value of all assured ore, figured on 
tha highest Ijkely average market, was attractive for those skilled in the business and looking tor 
promising, mining ventures, and it was a serious question whether a cash purchase was not advisable 
at a mu^ higher price. Ultimately, all expectations were so largely fulfilled that the true value 
proved to have been but slightly forecasted by the value of the assured reserves. 

Binmple n. (Question 1) An obviously secondary enrichment, lying between a clay ovwburden 
and underlying limestone, was found exposed by an open-cut working supplying a snudi eonoenwat- 
ing mill, the operation of which investigation proved could be made profitable. Test pits to bedrock 
at different points about the open cut showed ore extending out on 3 sides and jwoved considerable 
value. At no point on the property were commercial values found in the underlying limestone. 
Property lines were at considerable distances in all directions from the open cut. Postdiole-diggsr 
holee to bedrock, the records of which in many casse showed ore, were found scattered about the 
open out, but as many of them were reported barren, it was doubtiul whether the deposit extended 
over any considerable area of the property. (Question 2) Though the records of holes‘witiiin t^ 
area proved by test pits showed the values to be exaggerated, continual recurrence of records of 
buren holes suggested that the exaggeration was due rather to error in judgmebt than to intention, 
and that the preeence of ore could at least be presumed in holes having a reecnd of ore value. There¬ 
fore, systematic prospecting could be expected to add considerably to the values already assured, 
Ibe faeility with which both holes and pits had been sunk through day and ore to the liuMStone 
proved the practicability of cheap exploration, and it was obvious that for |1 6(X) the entire property 
opyQd be tested in the fdlowing simple manner. The area was laid out in S(X)-ft squares and a h<^ 
MlRiiil at each eernar; then holes were bored at corners of 100-ft squares laid out around each bole 
wnting me indicationa. The 100-ft square system was then extended uatU all ore areas devclimod 
^SNse eompletely surrounded by barren holes. Ore areas thus defined into finally proved by tlsi - 
pite at oovners of 200-ft squares. (Question 3) Thoujti* expectattdn of a definite incresse in l es stv eii 
beyond those actually assured at time of examination was fuUy justified, the barren hde tedord 
sbowsd that sudt increase would be modmte, and that the present seemed re ee rv e e must be sen- - 
aldered ae foming a large mepmUon of tiie ultimate rees rv es, at leaet |n aq far aa tbe soeqiiidary 
anriahmsBt was eoaosrasd. Primary valuta in tbs Umaatons bsing Iseking »tbo snposi i test i^dy . 
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nedlvM} Utile oonsideratioa and the property wu proapeeted for eecondery^nriebinent i-aluM, «s 
deacribed. The above Lnfereaeee being found aubetantialiy correct, the cost o* equipment and amie 
of operatioaa were proportioned to the known limitationa of the aecondary-e>iriabBien^ valuea, and 
the highly profitable opcrationa thus inaugurated were not overburdened with neeeesity for returning 
large equipment outlay. 

Pereentafe of groes Tiloe recoverable and coat of production. Eatimatee of recovery' 
and costs are based on past and present accomplishment on the property; on results of 
investigations of the ore by field, laboratory, or ore-testing works; on the operation of a 
small but practical preliminary plant, erected for the purpose; and on practice in mining 
and treating similar ores elsewhere. Actual accomplishment on the property can best 
be determined by investigating the records, and checking them against each other, against 
tailing-dump samples and, if feasible, against test runs of the equipment (Art 2 ). Equip¬ 
ment should be carefully inspected to determine its adaptibility, condition, and whether 
general appearances, coupled with available records, indicate that the management could 
be improved. Panninq and sizing tests often assist in suggesting possibilities of treat¬ 
ment by concentration. Ore-testing works treatment of larger lots may be df still 
grater value (Sec 31). Muffle-roasting and leaching tests in the laboratory may 
suggest possibilities of treatment other than by concentration. On large, low-grade 
properties, demanding heavy capital outlay for equipment before profitable operation can 
begin, it is customary to erect a pbeuminary operating plant, of sufficient capacity 
(sometimes hundreds of tons per day) for ore treatment by full-size machines, under 
working conditions. Such a mill is operated for a nimiber of months at least, even though 
at a loss, simply to secure data and to test various modifications of treatment, preliminary 
to designing a large equipment for regular operation. Its design is as flexible as possible, 
SO as to include all promising modifications of treatment which preliminary tests in labora¬ 
tory or testing works have suggested. Actual practice in mining and treating similar 
ores elsewhere is important fur estimating operating costs and percentage of recovery. 

Conclusions drawn from practice must be based on study of the similarity' of general 
conditions, and of the mineral to bo treated. Relative cost of labor and supplies and the 
scalr of operations at successful properties, as compared to those feasible at the property in 
question, should be thoroughly understood. Scale of operation often determines operat¬ 
ing costs. Thus, concentration costs in the great porphyry-copper mills in western U 8, 
each treating thousands of tons per day, have been as low as 50f! per ton treated. The 
sgme treatment in a 100-ton mill might cost SOfi, $1, or even more per ton (Art 14). In 
general, the important estimates of percentage of gross value recoverable and cost of pro¬ 
duction should be made only after analyzing all information obtainable. In estimating 
total costs, ample allowance must be made for general overhead charges, selling and sam¬ 
pling costs, freight to market and contingencies, the last usually being put at 10% (Sec 21). 

13. MARKET PRICE OF MINERAL PRODUCTS 

Theories and difficulties. Gold, because of its relation to currency, has been held by • 
the U S gov’t, since 1934, at $35 per Troy oz. Prior to 1933 the statutory price had been 
(with the exception of the Ch*!! War specie payment suspension) $20.67+ per Troy o» 
since 1837. During 1033 the price, with fluctuations, continued to rise to the present 
(1938) value, fixed Feb 1, 1934. This price, made by presidential proclamation, is to 
continue until altered or modified by proclamation "as the interest of the United States 
may seem to require;” under present law, between $34.45 and $41.34+ per Troy os. 
Fluctuations in market price of all products fonn one of the most uncertain elements of 
mine valuation. Being essentially a commercial question, business men having experience 
in dealing in the product in question can often estimate more closely than can Engineer 
the average price it will command in the future. But, as opinions may confiiet, the 
engineer himself is often forced to choose the standard of price for the basis of his estifilates. 

Current prices may be adopted, but may lead to false impressions, and eonelusions that become 
absurd before the property is developed. Hence, the engineer should consider at least one other priee, 
or preferably several others. In case of metala or coals having a standard market, it is questionable 
whether an engineer should recommend purchase of a property which he estimates is incapable ct 
inalung a.sinal! profit, when mining its ehoieest reserves and selling its product at the MiMmUH pmem 
ot say tbs 48-yr record shown in most items in accompanying table: unless the property itself, or eas 
very aimilar, has already achieved considerable success and continues to do so. The value of a prop- 
erty whieh would fail to make an attractive profit under normal operatiqn, at the avbraoe FMCR for 
a like period, is eveq more doubtful. In ease of mineral products ha ving no standardised open msyket 
value, esiMcially wli^thrir priees'depend on empirical gradings as to color, texture, ete, there sbo^d 
b# ilg atl ar besitatioa in acquiring a property which, though meeting oUiir requtremeids, fidli to 

prOttiOo an output comprising enough of the highest grade product to insure a profit regardless of out- 

* 1 
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Tabl« 4. Mineral Products of the U S Cttuty Quantities, Prices, and Averages) 




Highest 

pries 


Low«ftt 

prieo 

1937 

Avw 48yr. 
1890-1937 

mUa Ib •• millions of pounds 
■h t » short ton 

Year 

Quantity 

Price 

Year 

Quantity 

s 

£ 

s 

9 

o 

Price 

1 

1 

Metals 

Aluminum, m^'s Ib (except ’90 in thoua) A i 

90 

61 

too 

II 

46 

18 

293 

19 

92 

25 

Antimony imports, hund tbous lb A ^ {90- 
34 Chinese, 3S-37 Amer smelter price).. 

15 

212 

30 

21 

296 

5.0 


15 

164 

12 

Bauxite, tbous long tA^. 

34 

158 

715 


18 

258 


582 

197 

574 

Chromite, bunds loxig t A $. 

16 

804 

48 


3 

4.0 


6.4 

43 

30 

Copper; tens mil lb A |!. 

17 

189 

27 


54 

6.3 

167 

12 

101 

15 

Le^ (refined), tens mil lbs A ^. 

25 

131 

8.7 


38 

2.8 

89 

5.9 

76 

5.5 

Manganiferous ore, 06-37, tens tbous long 
t All. 

18 

117 

481 

14 

10 

222 

134 

288 

57 

304 

Manganese ore, bunds long tA$. 

21 

135 

37 

95 

95 

7.5 

402 

26 

317 

23 

Mercury, tbous flasks (76 lb) A I. 

16 

30 

128 

94 

30 

31 

17 

90 

22 

62 

Molybdenum, 15-37, bunds tbous lbs A . 

18 

9 

146 

20 

0.3 

49 

301 

68 

43 

68 

4Niokel. metal A alloys imports, 95-37, 

liiinda t.hmiii IK Ar ^. 

12 

2 

46 

24 

256 

20 

817 

25 

159 

25 

Pig iron, bunds tbous long tA). 

20 

357 

32 

94 

67 

9.8 

352 

21 

232 

19 

Platinum imports, 95-37, tbous troy os A $ 

25 

106 

106 

99 

188 

7.8 

149 

40 

98 

43 

tSilver, huwis tbous troy os A ^. 

94 

495 

129 

32 

240 

28 

717 

77 

569 

74 

Tin imports, 03-37, mils lb A ^. 

18 

165 

64 

32 

78 

21 

197 

53 

130 

43 

Tungsten ore, 00-37, tens sh t A tens $.... 

16 

592 

204 

03 

29 

15 

350 

117 

143 

90 

Zinc, tens mils Ib A 4 . 

16 

113 

13 

32 

41 

3.0 

110 

6.5 

62 

6.2 

Bon-Metals 

Bituminous coal, mils ah t'A ^ . 

20 

569 

375 

98 

167 

80 

442 

178 

360 

172 

Natural gas, 11-37, tens billion cu ft A ^ 
per M. 

22 

76 

29 

II 

51 

15 

237 

22 

121 

22 

Penn anthracite coal, bund tbous sb t A . 

26 

844 

562 

98 

534 

141 

519 

381 

705 

250 

Petroleum, tens mil bbls (42 gal) A |1 . 

20 

44 

307 

92 

5 

52 

128 

120 

41 

120 

Structural Materlslo 

Cement, mils bbl A ^ . 

20 

97 

202 

94 

i 

60 

116 

148 

75 

138 

Glass sand, 02-37, tens tbous sb t A ^. 

20 

217 

219 

02 

94 

86 

280 

170 

173 

148 

Gypsum, crude at domestic mines, tens 
• tbous sh t A ^. 

20 

313 

355 

90 

18 

102 

306 

190 

217 

210 

Lime, 04-37, tens tbous sh t A $. 

20 

357 

II 

05 

298 

3.7 

412 

7.3 

344 

6.7 

8aud,05-37,milsabtA^. 

20 

80 

76 

14 

78 

29 

187 

50 

109 

51 

Abrasives 

Corundum and emery, tens sh t A $. 

92 

177 

102 

14 

49 

5 

32 

8.7 

243 

23 

' Tripoli, 17-37, hunds sb t A $. 

21 

123 

17 

19 

243 

7.5 

349 

13 

273 

14 

Garnet, 96-37, tons sh t A $. 

21 

305 

86 

96 

269 

26 

486 

79 

461 

56 

Pumice, 02-37, hunds sbtA^. 

30 

568 

591 

06 

122 

137 

710 

425 

371 

396 

Chemicals 

Arsenious oxide, 01-37, bunds tbous lb A 4 

23 

265 

9.8 

n 

63 

1.2 

353 

1.5 

155 

4.3 

Bismuth imports, thoua lb A ^. 

19 

77 

298 

96 

124 

73 

67 

80 

113 

160 

Berates (crude), tbous sh t A $. 

93 

4 

150 

04 

46 

15 

359 

20 

87 

26 

Bromine, hunds tbous lb A ^... 

16 

7 

131 

08 

8 

9.7 

262 

20 

32 

24 

Catoium magnesium chloride, 09-37, 
hunds sh t A $. 

21 

24 

22 

09 

13 

4.9 

102 

13 

55 

16 

Fluonpar, thoUs ah t A $. 

19 

138 

25 

03 

43 

5.0 

181 

20 

82 

15 

Pboephato rock, tens tbous long t A ^. 

90 

51 

630 

97 

104 

257 

396 

328 

228 

38t 

Pyrites, tbous long tA^. 

19 

421 

608 

32 

190 

263 

584 

304 

261 

379 

Salt, tans tbous sb t A ^ . 

21 

498 

493 

05 

364 

168 

924 

261 

509 

290 

Sulphur, 91-37, tens tbous long t A 4 (ex 
oept ’94, units). 

94 

446 

45 

15 

29 

13 

247 

18 

82 

18 

Pigments 

BsHita (carude), tbous shtA^. 

20 

228 

939 

97 

26 

224 

356 

625 

123 

589 

C<d>att osde importa, tbous Ib A |! .. 

21 

164 

209 

12 

32 

48 

843 

126 



Miscellaneous 

Asbaatos, bunds sh t A 4 ........ 

20 

16 

412 

13 

IT 

. io 

121 

29 

23 

56 

Asphalt, ten tbous sh t A 4. 

20 

mm 

15 

90 


4.7 

433 

9.2 

(06 

9.5 

FsUspnr, tbous long tAi . 

99 


979 

98 


270 

269 

9lf 

■H 
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Table 4. Miaenl Prodacti of the U S iConduded) 




]f^lghaat 

tprice 

■ 

m 

1937 

Aver 4$yr, 
l$90-1937 

BdlB Ib « millions of pounds 
sb t ~ short ton 

Year 

Quantity 

Price 

Year 

Quantity 

Price 

Quantity 

Price 

S) 

8 

Iffiscellaaeotts (Continued) 






m 





Fuller’s earth, 95~iJ, thoua ah t A $. 

Qraphita. (96-29 production; 30-37 im- 

20 

128 

20 


29 

M 

226 

to 

114 

12 

porta), bund thoua lb A 4. 

18 

260 

5.9 


586 

IS 

592 

1.3 


1.9 

Magnesite (crude), 91-37, thoussh t A $... 

98 

1 

15 


4 

mSi 

203 

7.3 

Kl 

8.4 

Mies (scrap), 96-37, bunds sb t A $. 

99 

15 

39 

98 

40 


252 

14 

m 

15 

Mioa (sheet), 96-37, tens thous lb A 4. 

96 

5 


m 

248 

169 

17 

23 

Potassium salts (KfO), 15-37, thoussbt A $ 

16 

10 

436 

35 

225 

22 

267 

34 


64 

SiUca (quarts), bunds sh t A 4. 

26 

277 

989 

11 

879 

176 

130 

508 

464 

376 

Tale A soapstone, thous sh t A $. 

Ea 

27 

20 

17 

144 

9.8 

230 

11 

104 

n 

Tungsten ore, 00-37, tens thous sb t A 











tens $. 

16 

592 

204 


29 

15 

350 

117 

143 

96 


Notea: * Nickel: domestic refined ’OS-'QO, forei^ refined ’00-’37. Pure rolled nickel (small part 
of gross imports, including ore, matte, oxide, etc) about 1()^ higher price than aver of metal & alloys.' 
t ^ver : tJ S gov't price for domestic produced silver only. 


put at other grades. This is due to the uncertain market for low grades of unstandardised products, 
both as to price and to ability to absorb at any price. Profit from such a mine is in producing the 
highest grade, the lower grades being produced and sold largely as unavoidable by-products. 

Question of size or market, available within a radius of feasible freight rates, is important, since 
the opening (rf a large new property in a restricted market area may demoralise existing prices. Facil¬ 
ities for sale of product demand serious consideration. Marketing a peculiar product may eonsti- 
tute a lar^ item of cost; sometimes the market can be secured only through channels available on 
no other terms than practical surrender of control of the property itself. For preliminary use of those 
not in touch with sources of more detailed information. Table 4 has been prepared, largely from tibe 
U S gov't reports. 

Taluatlon for tax depletion, being an effort to hold an even balance between rights of buyer and 
seller, is a problem in itself, in which estimation of future market price is a crucial point, perhaps 
requiring even more elaborate investigation than a physical appraisal (Sec 24). 

Example I. Aver price of copper fur 4S yr ending 1937 was lit per lb on annual aver output of 
1 010 000 000 lb. Minimum price (1932) was 8.3^ on output of 540 000 000 lb. Aver for 1037 was 
12|t, on output of 1 670 000 000 Ib. In view of these facts, an engineer might hesitate to recommend, 
purchase of an inoperative property, capable of producing copper otdy and unlikely to be able td' 
maintain an output from best ore reserves for say a year, at gross cost of less than 6.34 per lb unless 
success of this or entirely similar property were so great as to well overbalance poasibility of the cop¬ 
per market again dropping to 0.34. Again, such a property would be undesirable unless it emdd 
make good proht while mining its aver ore and selling at ISf. Finally, the fact that in 1917, during 
the War, the aver price was 274, on an output of 1 690 000 000 lb, should be recalled in considering 
possibilities of a copper mine of long life; providing future governmental regulation allows war profits. 

Example IZ. Aver price of barite for 48 yr ending 1937 waa $5.89 per ton on aver annual output 
of 123 000 ton. Minimum price (1897) waa ^.24 on output of 26 000 ton. Aver 1937 waa $6.25 on 
output of 356 000 ton. An engineer might therefore beaitate to recommend purchaae of a, baritea 
mine unlikely to be able to maintain an output from beat ore reaervee, for aay a year, at a groea eoat 
of 1 m than $2.24, or which would fait to make good profit on aver ore at $5.M per ton, uniesa thia or 
eatiraly aimilar property were in highly aucceaaful operation at the time. In view of the amall produe- 
(ion of baritea, of the physical and chemical qualitiea required by the trade in thia minwal, and of 
the high relative transport cost, due to its low value per ton, the engineer should also hesitate to make 
reoommendation before determining detail character and location of available markets. The fact 
th'at 228 (KX) ton were sold at $9.39 per ton in 1920 might have speculative interest were a deposit 
under oonaideration of sufficiently large indicated tonnage to insure unusually long Ufa. 

14. OPERATING SCALE AND PROFITS, CAPITAL REQUlREIiCENTS, 

AMORTIZATION 

Scalt of oporatiOB i$ determined, on the one hand, by the minimum rate at vrhidt the 
' property oan be worked at a low enough coat per unit to inaure a profit. On the other 
hand, the maximum acate of operation ia limited by tlw a«ured mineral and probaUo 
ultimate mhieral reaourcee from eaqiloitation profits of, which the c»pital, interact, and 
uUhnaHe profit'muat be aeeuaed; alao by the e^Htal available for development and cqu^ 
nunt,) gad iiy awdlaUe markeik Thm faetora being determined as far as practic^iUto, 
aad eii$ijiMt88 ma^ of opera^ng costs <m the proposed scale of operationa, the im^t per 



































26-26 MINE EXAMINATIONS, VALUATIONS AND BEPOBTS 


unit ifl estimated’by deducting the cost of production frcns the assumed market price or 
prices (Art 12, 13). The profit per unit, multiplied by the proposed ajmual produc¬ 
tion (cm the ttsual basis of 300 days actual operation per year), gives the estimated annual 
opbuating profit (Sec 21). 

Capital requirementh. Estimates should first include the probable cost (rf'proq>eeting 
the property sufficiently to give a safe amount of assured mineral (Art 11). That is, there 
should be assures uistnAL reserve sufficient to produce profits t^t will more than 
return the capital required to put the property into successful operation. Assured reserve 
should be so large that its extraction at the proposed rate can not exhaust it in a reasonable 
maximum length of time necessary to prove and block out additional reserves. 

SuflReient swured reserves being secured, there ehould be ample capital to develop them to an 
extent whicl, will insure regular production at the desired output. Capital must also be provided for 
EQVmiEHT necessary for proper handling of output to the point of sale as raw material, concentrate, 
metallurgical product, or whatever form conditiona require. Milling plant, emeltery, employes' 
houses, etc, must be considered, and capital provided therefor when necessary (Art 2). There must 
be sufficient OPXRATiNa capital to carry stocks of general and commissary aupplies, mineral in 
process of treatment, and finished output prior to sale and settlement. In absence of more exact 
data, 3 mouths' or>at of output may be allowed for these purposes. In eetimating total capital require¬ 
ments, the coet of securing the capital (underwriters’ commission, brokers’ charges, and incidental 
financial expenses) should be included. Under favorable conditions, such an an ownenhip associated 
with strong financial interests, this may not exceed 10%. Promoters’ profits are usually included in 
the cost of the property. 

Amortizgtioa of capitnl is its return with interest, at or before the time of exhaustion 
or “death" of the property. If the profit is to be genuine, total operating profits must 
include an ultimate profit over and above amortisation. 

Amortization of equipment is usually effected by annual or monthly depreciation or 
write-off on equipment capital accoimt, which amount is charged to operating expense; 
10% of the gross cost is a not unusual annual allowance on ordinary mine, mill, or smelter 

plant. If this charge is maintained as 
a surplus accumulating at 4% com¬ 
pound interest, funds will be on band 
in a little over 9 yr for complete re¬ 
placement of equipment. 

Amortization of entire property ia 
usually effected by disbursement of 
dividends. It is then the stockholders’ 
responsibility to reinvest a sufficient 
proportion of the dividends to amortise 
the investment cost. Nevertheless, 
the engineer must make allowance for 
amortization in drawing conclusiona 
as to value of the property. In oases 
whore sufficient mineral values have 
been determined, and the price at 
which the product will be sold can be 
forecasted with sufficient likelihood to 
justify, amortization may be calculated 
by use of Table 5 (3). In cases where 
other uncertaintieB are sufficiently 
eliminated to justify, such as those 
dependent on assumed fixed conditions 
in making tax assignments, it should 
be noted, and allowance made for 
the fact, that this table continues the 
higher risk rate of interest on the 
entire amoiut throughout the entire 
peribd, notwithstanding that the mak¬ 
ing fund, presumably invested aafdy, 
is steadily growing and throughout 
the second half period, constitete* 
the bulk of the investment (25, 2^). 


SESnple. A thoroughly proved gold placer deposit in ouecesaful operation by difdgiBg at rate 
of 1 090 000 cu yd per year, at cost of per cu yd, contained 10 OpO 000 cu yd, aveeagipg ISt per 
eufd recovery value. Annua] operating profit was therafore 170 ObO and the life 10 yr. Ta^' 5 
ahbwt that an income having *a 10-yr life will yidd S% pet yr (beiidife a sufficient atnmilMtkin 


Table B. Amortization 


Annual 

div 

rate 

Years life required to yield .. % 
interest, and to furnish annual 
instalments which, if reinvested at 
4%, will return original investment 
at end of period (See also See 45) 

% 

. 

5% 

6% 

7% 

8% 

9% 

10% 

. 6 

41.0 






7 

28.0 

4i.b 

1 • ■ • 


• • • . 


8 

21.6 

28.0 

41.0 

« * . . 



9 

10 

17.7 

15.0 

21.6 

17.7 

28.0 

21.6 

41.0 

28.0 

4i]6 

.... 

II 

13.0 

15.0 

17.7 

21.6 

28.0 

41.0 

12 

11.5 

13.0 

15.0 

17.7 

21.6 

28.0 

13 

10.3 

11.5 

13.0 

15.0 

17.7 

21.6 

14 

9.4 

10.3 

11.5 

13.0 

15.0 

17.7 

15 

8.6 

9.4 

10.3 

11.5 

13.0 

15.0 

16 

7.9 

8.6 

9.4 

10.3 

II.5 

13.0 

17 

7.3 

7.9 

8.6 

9.4 

10.3 

11.5 

18 

6.8 

7.3 

7.9 

8.6 

9.4 

10.3 

19 

6.4 

6.8 

7.3 

7.9 

8.6 

9.4 

20 

6.0 

6.4 

6.8 

7.3 

7.9 

8.6 

21 

5.7 

6.0 

6.4 

6.8 

7.3 

7.9 

22 

5.4 

5.7 

6.0 

6.4 

6.8 

7.3 

23 

5.1 

5.4 

5.7 

6.0 

6.4 

6.8 

24 

4.9 

5.1 

5.4 

5.7 

6.0 

6.4 

25 

4.7 

4.9 

S.l 

5.4 

5.7 

6.0 

26 

4.5 

4.7 

4.9 

5.1 

5.4 

5.7 

27 

4.3 

4.5 

4.7 

4.9 

5.1 

5.4 

38 

4.1 

4.3 

4.5 

4.7 

4.9 

5.1 

29 

3.9 

4.1 

4.3 

4.5 

4.7 

4.9 

30 

3,8 

3.9 

4,1 

4.3 

4 5 

4 7 
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ebwga, a«eiimtila(ad at 4%). wlten the iavaf taunt is andii s sum that ths annual ifiTidand is batwusn 
18 and 14% Uiereon (in coluasn 1, opponts to “10.3 to 9.4 yr” in oolumn 3, urill bs found “18 to 
14%’*). To seaurs 10% Ktum the dividmid rate must be between 18 and 19%. Dividing 1700001^ 

15, 14,18, and 19 respeotivdy, shows Uut the property will yield 6% net, iMdu amortisation, tf 
between 8500 000 and 8538 000 is paid for it, or about 10%, at a cost between 8369 000 and 8389 OW. 

In absence of atwured minered reserves, the whole question of value ii one of iitfereaoe, 
and amortisation tables have little application. But, when part of the property’s value 
lies in assured mineral, it is often instructive to carry out the amortisation idea as far 
as possible on the assured reserves, and then note the years of work, ions of ore, etc, 
required beyond the reserves to return the valuation placed upon the property with appro¬ 
priate profit. 

Bmn^e. A copper mine, having assured reserves of 750 000 tons ore yielding, at 14|( copper, 88 
per ton profit, is operating at rate of 150 000 ton per annum, and its Becuritiea seU in op«n market St 
a price aggregating 82 000 000. At the annual profit of $300 000, the yield is 15%. Assured life, Syr. 
Table 5 shows that a 15% dividend rate requires 8.6 yr to amortise the principid, if 5% per annum 
return is to be had, or 15 yr, if the risk is such that a net 10% return is required. The 82 000 000 
market valuation of the property therefore assumes a life beyond the assured reserves of between 
3.6 and 10 yr, a sufficient rise in the aver price of copper above 14 r, or a combination of the two. 
The additional ore required, independent of change in prire of copper, would be 540 (K)0 to 1 5(X> OOO 
tons. At an aver ore yield of 2 OOO tons per ft of depth, these added tonnages would involve the con¬ 
tinuation of the deposit with average strength for a further depth of 270 and 750 ft, reapeotively. 

For determination of present value of well-developed mines, where total sales value of 
product, costs of extraction and marketing, are known, the probable life and investment 
risk may be estimated with considerable confidence (Sec 45). 

16. VALUATION OF MINES HAVING NO ASSURED MINERAL, OR 
IN WHICH VALUE OF ASSURED MINERAL IS UNPROVED 

To value mines of this kind is simply an attempt to discount the future, and is therefore 
almost entirely a matter of personal judgment. A great vaiioty of method and oonolunoa, 
according to temperament and viewpoint of the engineer, must be expected. But the 
engineer should not make this an excuse for failing to give his client the benefit of hie 
best judgment on this vital question, and statements in Art 12 as to prospective values 
and quantities apply here with equal force. All possible information should be secured 
regarding the property in question, neighboring properties and their relative location, the 
district in general, and results secured elsewhere from apparently similar properties. Tlie 
Btrengt.h and character of outcrop; extent of, and values shown by underground develop¬ 
ment and drill records or cores; apparent tendency of values to pinch or swell, to become 
enriched or impoverished, or to assume a simpler or more complex character with depth 
or with horisontal extent; likelihood of finding a feasible treatment process, and the total 
values per ton in the mineral mass, whether known to be recoverable or not, should all 
have weight in reaching an opinion. 

General geological conditions should be considered, as to 'whether they ore favorable to 
the deposition of quantity and 'value, or the re’verse; and also respecting th^ir similarity 
to those of successful properties elsewhere. As to geographical location, see Art 2, 

All these points having been studied and digested, the engineer should allow himself 
to be influenced by his general opinion, or his instinctive feeling in the matter. Analysis 
of reasons for this opinion should be worked out and recorded, to enaUe the engineer to 
explain and defend his position to others and steady hia own resolve during periods of 
doubt and uncertainty in subsequent developments. But an instinctive sense of oon- 
'viction, rightly developed by exhaustive study and restrained by realisation of its limita¬ 
tions, is of great 'value to the client, and should bo cultivated by the engineer as a source 
of strength rather than suppressed as a weakness. 

Bxsayls I. An enrichment of a highly acid rock (locally known as quarta-porphyry) was exposed 
by underground workings, near the center of a property, to the extent of about 500 000 tons oi oes. 
Property indtided an area covered by the porphyry rock, about 0.75 mile wide by 1.5 ndlea logg, 
generally iron-stained at the surface. Presence of value similar to that of the proved ora Was 
rsvealsd at' nearly every point where shafts of a few hundred ft depth or less had been sunk. Bot¬ 
tom level of the principal wwkings and the main shaft sunk below it showed distinct tendenw to 
Imp o verishment with depth, and the workings as a whole showed an enriched sone about 150 ft 
thick, l]dni beneath about the a>=.me thickness of leached overburden. Though a small, dark*colorri 
basic ^ke was noted in one aide of tbs underground workings and at the surface, otttdy of dus dike in 
Sonaootion with ahowins* of value elsewhere on the property where no ifike could bs found, <fis- 
ooumgod tbo theory that tbn dike wu the origin of valueo. Altogether, the indicaticnM pointed to 
tbs eadstsnoe of, s seeopdary enrichment sone of fluctuating value at varying depths beneath dm 
snliso porphyry ares. ' Ihe apparently flat-ljnLng position of the values qidte near the surface sitg- 
proapeeting by systematic drilling from the surface, and the rock bains both hard and 
badly ahattaa^. power sbum-drillins promised to be best. Judging by tbs thidkasm and dspth. 
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bMMftth th» ovorbwdan of tho oxpooocl enri<diaMat MBe. probably, millioni of to» furthar rworv oo 
oould b« proved. But, tbe OMurod ore wm too poor for profitabto opteatioa by aay pioeaia tboa 
kaoWB, aad aoaa ot tho ouUyiag ahalts.proauMd that forthar devalopiaoat would yidid atatorially 
riebor at«. Tbe farUMtu^obiectipa bad to bo met that tboee who were treatias elaewbere tieber deporito 
of eaaM obaraotor doubted Ute poeeibiUty of auddag a auoeeaa of ao low a grade. Altqgetbw the 
property eould be Idvea no definite value. But, auooeaa had been achieved aiaewfaere <m even poorer 
ore (though differently conatituted mineralogically) by large^eale work employing exteodve euuip* 
meat and large capital outlay. The promiae of vaet tonnage provable by drilling, at a fractii^n of a 
cent per ton, waa therefore an attractive feature. If aueceaaful treatment oould be deviabd, there 
would be ample juatifieation for venturing the comparatively amall i^ount of money neceaaary to 
prove the tonnage required to iuttify oapitaliaation for large^cale equipment. Balanring one cmiaid- 
eraUon with another, the engineer waa finally convinced that, in apite of great uncertaintiaa, the 
4 shattoe of laige profit waa aufficiently good to make tbe property a highly attractive venture. The 
client wae ao adviaed, but the large capital which would ultimately be required waa not avulable. 
The engineer, therefore, adviaed the client to devote available funda to inveatigating proceaaea, to 
proving tlw practicability of cheap tonnage development by drilling, to meeting tbe conaiderable 
eapenae of nmintenance of the property, to intereating heavy’financial intereata, and to maintaining 
a caah reaerve which would give auch independence of poaitian aa would secure aatiafactory terms 
when final negotiations for the transfer of the property to strong hands became desirable. Some S 
yearn elapaed between the forming of a small company on this boais, and tbe beginning of regular 
dividend. But iu half that Ume the client had realised many times his investment from sale of part 
of tbe eecurities received on transfer of the property to large financial interests, and, tbe property 
becoming a marked success, his remaining holdings were eventually valued at a much greater 
amount. 

Xxample U. A gold placer property on a small stream was limited at each end across the stream 
by property linoa, while outcrops and drill holes on tbe side hills showed that tbe bedrock cut off the 
gravel On each side. Records of churn-drill holes, made by an experienced placer prospector, showed 
ywdage and values whiob should leave an operating profit of several times tbe cost of a dredging 
equipment. But, aa no trained engineer was responsible for the drilling, the records were of uncertain 
vriue. Furth«, there were too few holea, and toey had been placed too irregularly to be conclusive, 
even if correctly drilled and recorded. Value calculations could not therefore be considered con¬ 
clusive, but indicative only. The likelihood that the ground waa valuable for dredging waa empha¬ 
sised, however, by the fact that the valley below had been sttoceesfully dredged, while drift-mining 
d>ad been done above. As tbe company had contracted with a leading builder for a well-designed 
dredge, which was nearing completion, the most direct ana- cheapest mode of checking the drill 
records waa to await beginning of dredging operations. Meanwhile the property had no proved value, 
and the engineer felt the enterprise could scarcely be considered a go^ gamble, even at the cost of 
the dredge. The client (owner of a minority interest) was therefore advised to consider further pro¬ 
vision ef funds only on the basis of a very limited valuation of the property, and then only as a pure 
speculation and in case satisfactory aasuranee could be given of proper financing and operating of 
the company. These conditions could not be fulfilled and, as the engineer had advised waa probable, 
a teceiveiship and ultimate sale of the property took place. To avoid losing his original investment 
tbe client bid in tbe property at a fraction of the coat of the dredge. Sufficient value was ultimately 
proved to cover the client's outlay, plus a reasonable profit; but only a trifle of the original hopes ot 
the enterprise were realised, and only those willing to contribute to the purchase at the receiver's 
sale avoided totri loss. 

16. CONDUCT OF EXAMINATIONS AND OUTFIT EEQUIRED 

Preliminaries. All information furnished by the client (which may range from a mere 
statement respecting location and supposed value of the property, to reports and maps by 
sldlled engineers) is reviewed, to gain an idea of the scope and character of the examination, 
and the time and facilities required to make it. The extent of development of the property, 
especially that of the exposure of mineral values, largely determines the time and equip¬ 
ment for sampling, and the importance of sampling results in reaching a valuation. 

Upon the loeatiou and accessibility from the engineer's heodquorten depend tbe time and expsose 
required to reach and return from the property. Technical periodicals and transactions, and boqka > 
on economic geology, sometimes yield useful information, through their own or speeiol mining inffieee. 
The relatione of the client to the property me usually auch that free acoeas is tdeen for granted; if 
not, the limitations must be undentood end the scope of the promised report restricted aeoordingl|r. 
If any eonsiderable outiay is required to gain acocee to underground worltings, t^ question of provid- 
idg for this cost should be understood. 

Id«al sxgailnation. regfirdless of timp or mosey, would be one made wholly by tiie 
engineer personally, who would thereby become thoroughly familiar with all oonditiona 
aftsoting the problem. But reporta must be made within a reasonable time, and hre 
geneaaUy needed as quickly as possible. Moreover, a competent engineer is too eiqMnsi'vw 
a man to dsvote time to unimportant details, and some assistaaoe is alwayaiequirgd, U 
only for demihg out old workings. In ease of a largs, opmating proper^, t^ wt^ 
mineral nposure of which must be sampled, and its records and operations rsviewed, a 
corps of assistants is necessary for preparing a reUaUc report with reasonalde outlay M 
time and mcmey. ^ 
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Asdstanti must be selected with greet cate. Their integrity must be beyond siMpidon, 
the capacities of each well understood, and none should be taxed with Tesponaibility tiiat 
he is not wdl able to carry. 

An assistant should be siven work that is new to him only under supervision of an eiperienosd 
superior. Bright young technical graduates make excellent raw aaaterial to tridh for -amptiB g, mp. 
▼eying, drafting, and similar work. But an inexperienced graduate should never aent into the 
field alone, except to gather preliminary information, hia field work being checked by an exporianeed 
man before any important deoaion ia reached. 

Sampling. As this is usually the most tedious part of the examination it shouM be 
begun promptly; though not until enough information has been gained (preferably by 
inspecting the mineral expouires) to determine if the cost of thorough sampling is justified. 

If cmly one trained aasiatant is required, he usually does the sampling, thus allowing the engineer 
to devote his time to more general investigations. For extensive sampling the aasiatant may himaetf 
require trained aaaistance, or at least unskilled help. The latter is generally obtainaUe at oT near 
the property, though it ia sometimes desirable to bring it in from the outeide to lessen possibility of 
salting (Art 9). But the chief sampler can alone usuall.v i-etake enough samples to detect fraud, thua 
making it geasndly feasible to employ local labor. 

Export Mconntants sometimes assist to a thoroug i understanding and analjrns of the 
mine accounts, though the engineer’s knowledge of Ujokkeeping may be sufficient for b™ 
to understand and check the local bookkeeper's explanations, who can, when ao checked, 
make analyses or segregations. 

Legal asidstanca is sometimes required, iit dealing with complicated legal situations 
arising in connection with titles, leases, or contracts, though the explanations of the 
owner's legal adviser are usually sufficiently clear and final to make unnecessary the 
expense of independent advice. If the engineer bo unable to grasp the full purport of any 
important item, he should secure a competent attorney wheme interest in the matter is 
identical with hia own (Art 2). 

Sstimstion of time and expense for making an examination and report of an unknown 
property is difficult. There is great diversity in scope of investigations, and in state of 
development of properties. Also, an engineer frequently requires mtich time to bring 
his own experience into line with the conditions, and to get himself into such a definite and 
well-thought-out position that he can submit a reliable and convincing report. 

In general, the examination of an unfamiliar property, and a report thereon requiring oanful 
consideration, can rarely be made in less than 10 daya’ time. Hence, as a minimum fee, it ia custom¬ 
ary to charge 10 timea the daily rate which the engineer’s standing commands. As time spent in the 
engineer’s own office is subject to the interruption of his routine work which he has the advantage of 
being able to keep in hand, many engineers count only half to three-quartera time for office work. 

Contingent fees, dependent on or proper iJonal to certain eventualities, though just 
and desirable in oases where the engineer’s interests are identical with those of his client, 
are undesirable in examination and report work, because the engineer can not mauntain 
the position of impartiality so important in making valuations. But, if a client unpre- 
pfuwd to make direct payment offers a satisfactory contingent fee, the engineer may accept 
such ffie provided his report shows that he is not disinterested (Art 1). 

Specific features to be noted in examining different olassee of properties; Akaltsib orsAitn,M for 
other then the principal value sought is usually limited to a few composite aamplea, or to special 
■amplM the appeara’hoe of which sxiggests that more complete analysis might yield useful informs^ 
tioa. CoAii. Volatile, fixed, and total carbon, moisture, beat value, coking quality, sulphur, and 
any impuritiM objectionable to' probable metallurgical uses, should be determined (Sec 80, Art 15). 
Prasuce or abeenee of gas in the deposit, character of roof and door roelos, water problema, ofaanatar 
of overburden (particularly quicksands) through which shafts may have to be sunk, and the prao> 
itteability of mining several eeams simultaneously, if present, must be studied in their bearing on 
operation of the property. Ibon ahd MANOANsax. Determinations should be' made of Fe, Mn , S, P 
(for Beesemer ore, P should not exceed 0.1% of the quantity of Fe preeent), SiOt, and Alj^; also, if 
pnsent in any quantity, moisture, CO*, CaO, Ti, Cu, Zn,etc. Otsxx wSTAiia. Prerioua 

metala, Cu, Zn. Pb, Sn, Ni. Co, Fe. Mn, Aa, Sb, S. SiO*, CaO, MgO, and A1*0| should be deter¬ 
mined according to oireumstanoes. If several economic metab are present, the poesibility and coat 
of aeparatidn by concentration or smelting must be considered. Penalties imposed and bonuses 
offered by the smeltery where the ore will be treated usually ngulata the neoaaaity tar earthy, 
forrous, and sine determinations. PxBCXOtya uxtam ik aoirn-Bocx FOXiiAnoR. Au, Ag, and thq 
pmpor^n of value recoverable by free milling, oonoentration, esraniding, or direct emelting are tiw' 
prine^Mtl detarminationa. Many <rf the detarminationa listed shove may be made for ibeir liidm- 
liv* valne regarding probable method of reeovwry (Sec 80, 31, 82, 33). PnAonn onvoam. An 
nnd Pt finuMMa and the of coneentrataa cl Sn or monasite should be determined aecording to 
ebarat^ of dqporit. Amount and head of water supply; aleyation and aittmtimi of availaUe 
<ki»p room; oheraoter, depth, and slope of bedrw*; quantity and dSspceitkm of boiddan « burM 
tinibw, cost of romoval M surfeeo vegetation, dimate and govarnmentel reatiietioas. must all tooMva 
eapaoial eoasidaratioa ia eggnaining piaoan (Art 7,9). 
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Outfit r« 4 iil>efi variea XTCstly. but the foUowiac tuggaaiioiw nay be found uaef ul: 


General 

Poelcet aneroid barometer 

Brunton pocket compoea 

SMt "metallic" tape in leather ease 

Pocket lens 

Proepeetor's piek 

Telegnphic code 

JSratripff instruments, with pencib, paper, 
India and red ink and tracing linen 
"Art gum," ink, and pencil erasers 
Soft indelible pencils 
Red, Uue, and white crayon pencils 
Fottptain pen, and ink in traveling bottle 
Looae4eaf note booka (quadrille-ruled sheets) 
Ruled stationery for drafting reports 
Triangular scale of 6 acalea, 1 in -• 20 to 60 ft 
t-ft ateel folding rule 
Pocket adding machine 
Photographic camera 


For Samplinf 

8 by 12-in and 14 by 20-in aampling aaoks 
Twine for tying above 

Sainpla envelopea, with Seidble metal-atrip 
mouth 

Seal and sealing wax 

6 by 6-ft canvas, ticking, or enameled doth 
(for moisture samples) sampling sheet 
Jones sample-splitting outfit 
Large iron mortar with peatleand eanvaa cover, 
or eoUapaible mortar outfit for coal (Fig 3) 
Galvanised iron screw-top cans or ^aas jara 
for moisture samples 
Adhesive tape for above 
Leather mail sack, with lock and keys 
Whisk, clothes, or scrub brush 
Single and double-hand hammers 
Miner’s pick 

S/i'in moils, 6 to 18 in, diamond pdnts 
Gold pan and vanning plaque 


Additions for Placer Sampling 

100-ft steel tape on reel Mercury 

Level and rod Annealing cups and nitric add 

Carpenter’s pencils Alcohol and lamp 

Magnet Gummed labels 

1 by 3/8-in bottles, with corks, for gold colors Short-handle shovel 

Portable gold balance, sensitive to 0.5 mg Galraniced-iron panning tube 

Retort stand with alcohol stove 


17. WRITING OF REPORTS 

Report forms. The form of a report depends largely upon circumstances (Art 1). 
One form is that in which an introduction, consisting of the mere formalities of sub^saion, 
is followed by a summary and brief statement of conclusions, followed in turn by the 
deteils of facts, conclusions, and advice. This form places the gist of the situation immedi¬ 
ately before the reader. A busy man gets the information he wants in the minimum 
time, and the interest of any reader is more promptly aroused than when the entire report 
must be read before its conclusions are revealed. 

The older still used form leads up through description to conclusions. This is advantageous in a 
report which can not be brought to an unequivocal conclusion, and where a correct impression can be 
given only by the atmosphere created by detailed description. For convenience of reference, the sub¬ 
ject matter is divided by headings, usually capitalised, underscored and centered on the line, with 
aub-headings at the side, also capitalised and underscored. Below is a simple form of introduction, 
giving desirnble information as to date and duration of the examination. This is followed by headinga 
whieh have been found useful under various conditions. These, and the article and paragraph head¬ 
ings of this aection of the book, furnish suggestions for deciding on the best form for a speoifio case. 

.Esq., President, New York, June...., 19... 

.Copper Co., « 

.Broadway, New York 

Dear Sir; 

Punuant to your request, I have carefully examined the.property, spending 

.days, from.to.. on the ground, and herewith aubmjt 

my report thereon. 

Summary and coneluaion. 

Locihtioa of the property, names and positions of claims or of different blocks, areas, and titles. 

History, including shipments, profits, and difficulties met. 

Eeonomie geology, topography, vegetation, climate, transportation facilitiea, daim and topo* 
graphical maps. 

Governmental conditions (when below standard), taxes, laws and illegitimate influences. 

Sampling methods, checks, limits of accuracy, and assay maps. 

Testa on character and extractable value of ^e mineral. 

Assured mineral, calculations, and amount. 

Praqpeots and limitations of the property. 

Freest equipment (photographs), mins development, underground maps, methods of wernsg 
•nd.of treatment. 

flbpply and coat of labor, water, power, fuel, timber, explosives and miaeetlaneoua materiats. 

bperatfaig ooats, ganeral conditions, and profits. Financial condition of thehntsrpriatt 

Market dot mine product) eondiUona, and aasumptiona. 

Advice, nspectlng development, scale of opentiou, equipment, and eapRal requfafd: 
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StUiMted nibunw. Aekaowlmicinnitt (of oourtatiwi rcMivad and t« atiiatntn «a|iU4«<Q* 

18. ESHMATmO STAXOmiG TIMBER (By Prof 0. Burnside) 

Estimates of timber tracts ijure based on amount of standinc timber, cost of loni^ 
and (rf tranqmrtation, and value of land after log(png. Depending on the (hucree of 
accuracy required in an estimate of sptakd in a bdt of timber, the work of the cscrnaii,, 
or timber estimator, varies from a rapid preliminary inspection to an exhaustive and 
detailed tree count. Pbbuuinabt cocmt is made by running once through each 40 
acres (t/x« section), called a ‘‘forty," to sixe up the timber in a general way or estimate 
number of trees in any selected strip. Totai. count is made by nmning through each 
forty 8 to 12 times, and actually counting trees on either aide of a compass line for a distance 
sufficient to cover the whole area (23). 

Cost of ‘‘cruising" is from 10(f to $1 per acre, depending on accuracy of estimate. 

Rules observed by timber>crui8ers are generally crude, varying with the individual, 
and with the proportions of different kinds of timber. Thus, in southern U 8, much 
timber runs oxdy 3 to 6 M ft per acre. It is fairly uniform in stand and without heavy 
undergrowth, making it possible for a cruiser to go through on horseback, counting on 
acre at intervals, taldng the aver result, and multiplying by number of acres in the tract 
for total count. In the northwestern U S, much timber lund is a succession of ridges 
and canyons; undergrowth is heavy, making cruising difficult; timber is not unifonn in 
stand (10-acre spots carrying little timber may adjoin an acre having 300 M ft or more): 
also the trees vary greatly in else, scaling from 6 to 25 M ft per tree. Under these con¬ 
ditions, a cruiser must count every tree, or as nearly ao as possible. 

Methods of estimating the stand are: (a) Counting trees in selected strips or circles, 
computing the contents of the aver tree and multiplying by number of-trees to obtain 
stand per area covered. To obtain total stand per SO acres, multiply the stand per area 
covered by a factor depending on percentage of acreage actually estimated, (b) Determin¬ 
ing contents of each individual tiee in selected strips or circles, and multipl:ring the total 
by a factor as in method (a). (c) Roughly estimating entire acreage by much crise-crossing 

of an area between compass (practiced mostly by men of long experioioe). 

(a) and (6) differ but slightly; in the one ease the number of trees is multiplied by an aver tree, 
in the other the trees are estimated separately and added for the total. There is little difference 
between circle and strip methods of counting, but strip method is always used lor total tree count. 

Volume of individual trees is found from a volume table, baaed on an Ideal tree of 
uniform taper. The table gives board measure contents of trees rsmgiDg from 12 to 90 in 

Volume Table, Showing Contents of Logo of Uniform Taper (23) 
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or more in butt di«m, and oanying a different number of logs and a vat^ring t^>w for 
each diam. 

IMam of standing trees is determined by a niAiama Tam. length and taper be¬ 
ing found by measurement. Due to natural variations, the sum of the scale of the 
individual logs does not usually correspond to the volume given in the tidde for the aver 
taper of the tree; a tree rarely has same tapw for each log; trees of sune diam vary greatly 
in length and taper; and top and butt logs usually have a much heavier taper than those 
in middle of the tree. Estimator must decide upon taper and number of logs in a tree. 

Details. A **two times run” throu^ a “forty” is made at intervals of 2 tallies or 660 ft, 
estimating or counting trees for a distance of 25 paces (about 66 ft) on each side of t^ 
compass line, and multiplying the amount of timber by 5 foi; the total. A “four times 
run” is made at intervals of 1 tally or 330 ft and multiplying amount of timber by 2.5 for 
the totaL In an “eight times run” (intervals of 164 ft), the estimator sends a survey 
crew ahead to locate comers, set tally stakes along the section to keep the oompasa^nan 
in alinement, and do the pacing, while he counts trees. 

If two or more runs through a forty are made, the estimator gathers data for a map, 
covering such topographic details as will give general characteristics of the whole tract. 
Elevations fra* contours are based on barom readings. As cost of logging a tract is as 
important to know as the amount of timber on it, a good map is esmntial for solving 
logging problems. 

A cruiser's report may vary from a simple sketch of the section divided into forties, 
and the total amount in bd ft inserted on each, to an elaborate form reporting for each 
forty the number of trees of each species, their total contents, aver length, diam, and con¬ 
tents per tree, and percentages of different grades, with bric^ comments on the different 
species and logging conditions, all compiled from field notes. For large tracts, the detailed 
reports on forties or sectiims are usuaJly si^pplemented by a descriptive report on the tract 
as a whole, describing character of timber, fire hasard, topography and aocessibility of the 
country, general plan of logging and facilities for transportation. 

A buyer wishing general information as to character of a stand of timber does not care 
to ^nd much money, and so sends an estimator on a preliminary cruise. If the report 
is satisfactory, a more detailed estimate is made. Where stumpage is $3 or $4, or hi^er, 
the buyer will probably want a complete tree count. An owner wishing to put his timber 
on the market needs an estimate a^ description on which to base his price. 
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AERIAL TRAMWAYS AND CABLEWAYS 


D«0altioiM. An abrial traitwat transports loads in carriers suspended from wire 
ropes forming the tracks, between fixed points, usually a long distance apart. Tramways 
are divided into 3 classes: (1) bi-cable (formerly called double rope), (a) continuous, 
(6) reversible. (2) twin-cable; (a) continuous; (b) reversible. (3) monoH»aUe (formerly 
called single-rope), continuous. 

continuous tramways, a series of loaded carriers travel in one direction cm a track 
oidile, and empty carriers return in the other direction. Ou reversible tramways, one 
carrier travels back and forth on a cable. Bi-cable tramways have a fixed track cable, 
along which the carriers are hauled by a traction rope. Twin-cable tramways are similar, 
except that carriers run on a pair of track cables. Mono-cable tramways have a single 
running rope to support and move the tuuriers. A cableway transports a load for a 
diort distance, in a single carrier traveling back and forth on a single cable, or on multiple 
parallel cables, a hoisting operation being combined with the transfer of the load; the 
operation is intermittent. 


GENERAL FORMULAS 


1. CABLE FORMULAS 

Catenary vs parabola. Theoretical curve taken by a cable of uniform weight when 
suq>ended from its ends is a catenary; it is the curve of the funicular polygon formed by a 

series of equal weights hung equidistant along the arc. 
Its equation is complicated and difiicult to apply. 

A parabola is the curve of the funicular polygon 
formed by a series of equal weights himg equidistant 
along the chord between 2 supporting points. It nearly 
coincides with the catenary for the flat arcs occurring 




in tramways, its equations are simple, and results by its use are practically correct. 
Equation or parabola (Fig 1) is: y* 2 px (1) 

Empty cable; level spans. In Fig 2, let: s » span, ft; h « deflection at center, ft; 
hi deflection at any point of curve, as p, ft; t ^ tension in cable at center, lb ■■ hori- 
sontal oompon^t of tension at any point; T tension in cable at any point, lb; u> => 
weight of cable per ft, lb; W toUd wei^t of cable in span, lb » tos; R » total vertical 
reaction at a tower; for cable only, it is Vs IF « 1/3 w »: m and n sections into which 
point p divides span; ^ = inclination of tangent to the curve at any point, as B. 

Deflection at center. Take moments about point e of forces to left of center, then: 
*/> IF f/i s — 1/3 W 8 •• th, or Va Wa — tk. But W » wa, hence, h ■» tea* + 8 f (2) 

Deflection at any point, as p. TsJce moments about point o of forces to left of it, 

then: — um l/s m «■ hit, but warn >■ tm (m -t~ n), hence, hi «■ it*m» -f- 21 (3) 

Tenfefam la cable at any point is: 7 * t cos d * (4) 

It is idso equal to tension at any other point -f or the product of vert distance 
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betwMath«2lwi&to«ndih«wt<»f cabtoperft. Hum, if F «■ rertdisttaMlMtwevnpointa 
B and ]>. the tenaion at p n: IT' « T — wF (5) 


Bib 10a gives mai^ cable formulas. Simplified working sctuations may be obtained 
by subatitutiag numeri^ i^uea for w and t in £q 2 and 3; for with any (me kind of cable to 
axKl t bear fairly constant ratio to each other. Thus, with locked-coU track cables, the wt 
of ail siaes is practically 3.7 lb per ft per eq in of croas-eection. Hie breaking strength of 
caatHtesl grades is 121 000 lb per sq in, and with factor of safety of 3.6, the working ten- 
sUm is 34 600 lb per sq in. These values, substituted in Eq 2, give: 


^ 3.7a« 

8t " 8 X 34 600 


0.000 012s* 


( 6 ) 


Table 1 gives wt and strength of cables used for track; by substituting the values for 
different cables in Eq 2 and subsequent formulas, a amplified equation suitable for any 
case is obtained. 


Table 1. Weight and Strength of Track Cables 



Locked-coil cables 

Smooth-coil cables 

Dism, 


Caet steel 

Special steel 


Cast ateel 

Plow eteel 

in 

Wt, lb 





Wt, lb 

Breaking 

Wivking 

Breaking 

Working 



strength, 

strength. 

strength, 

strength. 


strength, 

strength, 

atrength, 

atrength. 



lb 

lb 

lb 

lb 


lb 

lb 

lb 

lb 

1/9 






0.55 

25 200 

5 600 









0.86 

38 400 

8 550 



*/4 

i.4i 

50 000 

14 300 

58 000 

16 600 

1.24 

55 200 

12 300 

tjijr 

I4 4fo 

Vs 

1.92 

64 000 

18 300 

81 000 

23 300 

1.69 

75 200 

16 700 


19 700 

1 

2.50 

84 000 


108 000 


2.20 

98 400 

21 850 

116 000 

25 800 

11/8 

3.16 

108 000 

ftrif.itiiH 

132 000 

37 700 

2.70 

120 000 

26 650 

141 400 

31 400 

1 1/4 

3.91 

130 000 

vrJi'M 

162 000 

46 300 

3.23 

143 600 

3i 900 

169 200 

37 600 

I Vs 

4.73 

156 000 


200 000 

57 200 

4.01 

177 600 

39 400 

210 000 

. 46 700 

11/2 

5.63 

186 000 


241 000 

68 900 

4.88 

216 800 

48000 

253 000 

56 600 

IVS 

6.60 

216 000 

61 700 

280 000 

BO 000 

5.63 

248 000 

55 000 

292 000 

64 950 

1 V4 

7.6b 

250 000 

71 500 

330 000 

94 200 

6.59 

291 600 

64 700 

342 000 

76 000 

IVs 

8.79 

276 000 

78 800 

375 000 

107 000 

7.28 

322 000 

71 500 

378 000 

84 000 

2 

10.00 

316 000 

90 300 

430 000 

123 000 

8.40 

370 000 

82 200 

436 000 

97 000 


12 50 



560 000 

160 000 

10.36 

466 000 

103 600 

532 000 

118 000 

tfiM 

15 20 

. 

nnmn 

690 000 

197 000 

13.10 

570 000 

126 700 

670 000 

149 000 

M^Tfm 

IS 30 

. 

mmip 

840 000 

240 000 






eHI 

22.20 

. 

JMMHI 

1 000 000 

286 000 

■■1 

. 


BHB 



The above weights and breaking strengths are given by Amer Steel and Wire Co (Bib 
10a). *^0 working strengths were calculated by author, uang safety factor of 3.6 for 
locked-coil cable, and 4.5 for smooth-coil; these low factors are reasonable for reliable 
material like steel wire and where working stresses are nearly all tensile and can be deter¬ 
mined with a high degree of accuracy. On tramways, it is customary to apply tension by 
means of weights, and hence overloading is improbable; also the cables are elastic and 
can absorb occasional shocks without injury. Where tiie tramway or cableway has a 
single sphn and track cable is anchored at both ends, there is a possibility of overloading; 
hence, it is advisable to increase the safety factors, but not above 4.5 and 6 respectively, 
for locked- and smooth-coil. On reversitde tramways with a single heavy catrier, the 
cable can be treated as though oounterweighted, even if anchored at both ends, because 
the slack will shift as the bucket travels. Track cables ue also called track strand, and 
smooth-coil type, round-wire track strand. For aerial tramwasrs, track cables have not 
eaoeeded 2 in diam (Art 7); for cableways all sizes are used (Art 23-27). 

Slope of tangent to curve of empty calds. The tangent at end of apaa, when chord 
is horiaontal, has a dope (Fig 3) of tan^ ■> 2 A 4- i/j s i" 4 6.4- s (7) 

Substituting value of k from Eq 2: (an^ » tos 4- 21 (8) 

.,.but tgs 4- 2 is the reaction R, hence: tan^ m R 4-1 (9) 

In ,Moy wo casQ, w ami f are constant: hence Eq 8 can be nmpfified by sfubstituting 
wuntencal values, l^ua, lor cast-eteel fodced-ooil caUe, w 3.7 lb and t » 84800 lb, 
living tan d ** 0.000064 s.. 
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CottMSfawted iMds. Let Fig 4 be the ftmieuler p<dy^a neuiting from 3 eonoen- 
trated loads, gu gt, gt, and a, 6 and efbe their respective distances from right-hand end. 

Then the reaction at left-hand end is: n - ~ + —• 

s s s 

Taking moments about o gives: rtm » k^, or hg — ritii + t (10) 

If wt of cable be included, moments about point o are: 

■Rm — »/a vm* >■ Ht, at H -—=- (11) 

e 

In Eq 11, Ri is reaction at left end, when both cable and concentrated loads are considered, 

f lO Bvti f iC 

and equals -f- + i/a ws; and H is deflection at point o. Hence, deflection 

its 

at any point for any loading eq\ia)s moment, Af, of all vert forces on one side of o, divided 
by the horis tension, ot H "• M t (12) 

Experience shows that in spans carrying 3 or more equal loads, uniformly spaced, deflection 
at any point is practically the same as for a uniformly loaded cable of which the wt per ft 


wTi I T/ 


Fig 3. Tangent to an Empty Cable 


Ftg 4. Funicular Polygon Due to Loads Only 


is equal to the wt of cable plus that of one load divided by the spacing in ft. If value of 
Ri be substituted in £q 11: 

Ritn — 1/2 tom* riTM + 1/2 wsm — 1/2 tern* nm , */2 tom , 

B - - -;-_ + 

but (s — m) n, whence H » —— 1- - 57 - • Also —— « a* ■» deflection at p due to 

t Jbt I 

Concentrated loads (Eq 10), and m hi ^ deflection at p due to cable (Eq 3). Hence, 

A t 

total deflection at any pmnt is the sum of the deflection due to cable alone and that due to 
load alone. 

Deflection due to one concentrated load. Three cases commonly occur: One load 
ST AMT POINT. Deflection at that point, by Eq 11, is: 

H-(«>s + 2g)|^ (13) 

One load at cBirmn. Deflection at center is found from Eq 13, by making m n * 
1/2 », whence: 

H-(u>s + 2fi)^^ . (14) 

One toad at iubtancc y from one end. Deflection at point distant m from same end 
is found by applying Eq 11. The reaction R at opposite end of span for 1 load plus cable is 
gy 4- s + 0.5 u's. Taking moments at R gives: th Rn 0.5jwn*. Substituting above 
value of fi, H ■■ (wms + 2gy)H 4- 2_et. 

H - (im« 4- 2 gy) ~ (ISj 


Inclined Spaas. Parabdla with inclined axes. Let Fig 5 be such a parabola; then by 
.nhalytical geometry: 

-(16). 

Sap^ cable. Let Fig 6 represent such a ease, Z being length of chord. Appling 
principle of moments; 
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DivbmmoN at cmtrtKB, 


tog* 

8|«Ma 


DaruBonoN at ANt point, fc| — r-;- (18) 

2teoaa 

C«bl« carfTiac coacei^ated loadi; chord iodinod. Total deflection at any pdnt 
ia the aum of deflection due to eaUe alone and that due to loads alone. Deflection due 
to cable alone ia given above. Deflection at any point due to loads alone equals moment 



Hg 5. Parabola with Oblique Axes 




‘"Xii. 

Elg 6. Empty Cable on an Inclined Span 


of vert forces due to loads on one side of that point, divided by horii tendon (dmilar 
to Eq 10), thus: 

Load at any point of an inclined span. Dkpubction at load is: 

Hm(vl + 2g)~ (19) 

Load at oentbb of an inclined span. Dnflbction at load is: 

H^{wl + 2g)^^ ( 20 ) 

Load at distancb y from one end of an inclined span. Deflection at a point distant m 
from same end, with moments taken about oppodte end (see analyds for Eq 15): 

H m (_vml + 2 gy) ( 21 ) 


r- 




' Ip 

Ra 


.ti:^ 




Fig 7. Tangent to an Empty Cable 


iRi KF !/ 


Fig S. Tangent to a Loaded Cabfo 


Slope of tangent to inclined empty cable. Let Fig 7 be inclined span. Then dopes 
of tangents to the two ends are: 

. M 4fc+F . M-y 45- F 

At A, ten ^ - 77 — -- At A, tan^i •> — - -- 

. Va« « ‘/*« s 

Hence, dope of any tangent is: tan ^^—, in which V » vert distance between mds 
. s 

of span, ft. ' ( 22 ) 

Loaded cable. Let Fig 8 be an inclined span with concentrated load at somopdnt. 
Slopes of tangents to the two ends are: ion A <■ A 4* n and ten Ai -i Ai -t* m. But K 
and Xi ar; mihde up of a series of known parts. Thus, K * AB + BC + CD + DM, 

and MB’" — n; BC "> =-— ; CD - r--; DA - 4h » - 

s‘ St 2teota 8 l«osa 
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Substituting tbese in sboTe, sad simidifying: 

ten A • ~ + 


tos 


s( 


ten Ai ^ ■f'' 

‘ «( ^2teoaa 


+ I 

2 (cosa a 

wa r 

a 


( 28 ) 


Lsngtb of parabolic enrvo. Tho length of a aynunetrieal parabolic curve, L, when the 
rise is small, is clo^ly approximated by equation (Weisbach'a "Theoretical Bfeohaaios,” 
trans by E. B. Coxe, p 299} 

L - s + ~, or h* - - a(L — s) (24) 

If chord be inclined, the length, for taut curves common in tramway practice, may be 
taken as equivalent to a aynunetrieal parabola having same chord length and same deflec¬ 
tion T%or7nal to the chord. The normal deflection is nearly equal to: vert deflection X coa a. 
Bib 10a treats of length of curve when stretch of cable is considered. 

Horiz tension (t). In tramway construction, cables are stretched by tension applied 
to one end of span (usually by a weight), equal to working tension of cable. This ten¬ 
sion is used in formulas for the value of /; it makes the actual horis tension in cables 
a little less than that used in the calculations, and hence the sag will be greater than cal¬ 
culated. Owing to flatness of the curves, this error is not serious, when the chord is at a 
low angle. But on inclined spans it may make considerable difference; the error can be 
partly compensated by calling the applied tension i', and assuming that its direction is 
parallel to inclined chord; then the approx horiz tension will be < 1' cos a. 



Fig 9. Plotting a Parabola, 
Axes Rectangular 



Fig 10. Plotting a Parabola, 
Axes OUique 


Plotting of parabolic cwvea may be done by points or by tangents. Bt ronrrs: Seriss of offsets 
it ealoulated by Eq 1 or 3, if chord be horis; or by Eq 16 or 18, if chord be inclined. Tbeee are 
plotted, and a curve is passed through their lower ends. Bt TA.NaBNTa: Chord of span and center 
defleotion are {dotted to deeired aeale, as in Fig 0 or 10 (aame method applying whether chord is 
horis or indined); deOeotion ia prolonged to a total length of 2 A; lines drawn from ends of chord to 
this point are tangents to the ourve. These tangents are then divided into eame number of equal 
parts, numbered as shown. Lints are next drawn eonneoting corresponding numbers; these are 
tangents to the curve, and the curve can now be drawn tangent to them. By making a aufiieieat 
number of divieione in the two end tangents, the sides of the polygon formed by the tangents will be 
short and praotioally form the ourve, as shown in Fig 9 and 10, where for dearnees only the end 
tangents have been drawn. 


2. OPERATING FORMULAS 

Spgdag of egrrien. For a system operating a continuous' series of oanimi, let: 
f ■■ time interval between carriers, sec; d >■ distance between carriers, ft; I load in 
one carrier, lb; n number of tons (2 000 lb) to be carried per hr; o ■> velocity of tram¬ 
way, ft per min. Then, n X 2 000 -i- 3 600 lb per sec to be carri^ by tramway, and this 
divided into {, gives time interval in sec, reducing to f * lA 1 4- n. (26) 

Distance between rarriers is, d » fo 60, reducing to d 0.03 Iv 4- n. (26) 

Teasiottda tractloii rope. Tendon in a rope holding any body at net on an ^dine, 
neglecting friction, is T » TT stn a. Friction of a body moving on an incline ts, F » 
cos a; in whic^: T ■■ tension parallel to the plane, in same unit aua Wi W m total 
weight of bodies on the plane, preferaUy in lb; a indiimtion of plane; / « eoel^ ttt 
roll^ .friction ■■ 0.02 with pli^ bearings for sheaves and eaniage wheels,. And 0.01 for 
ball or roller bearings; F total friction, in same unit as TT. , . - * 

^ When the body extends whole length of indiae, as a rope lying oo. It, thi^ tofo] wd^^ 
is W * wL, where: w wt per ft, in same unit as W, preferably in Ib'i A as indinedfo&gtb 
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(rf tfae plane, ft. Snbetit«tiii<tluavalaeof IFjnsaifiraleQUstioaafor YandFabove.gi'eM: 

T ■■ wL «'fi a » wV {27) 

F - fwL eo8 a ~ fwH (28) 

in which: V *■ vert diatanoe between ends of plane, ft; H ■> horia length of idane, ft. 

Tension in traction rope of a double-rope tramway, or in endless rope of a sbigleHrope 
tramway, at its upper end, taking friction into account, will be: 7 ■■ wV :kfwH (29) 
Sign of last term is + when rope is being pulled up the incline and — when it is moving 
down. If rope be empty, v> is the wt per ft of rope alone; but if carriers be attached, u> 
must be increased by wt of the carriers including their load, if any, uniformly distributed 
over whole length of incline, or else the effect of carriers must be calculated separately and 
added to value of T. Tension T is further increased by puU exerted by tcmsion we^t 
applied to the floating sheave; half the pull on this sheave being added to traction rope 
tension on each side of tramway. 


8. TRANSMISSION OF POWER BY BAND DRIVES 

This discussion is applicable to any type of band or rope drive, or to band brakes where 
tension is known. 

In a band drive, tension on slack side must bear a certain relation to teninon on taut 
side, to develop sufficient friction to prevoit slipping. The formula for this relation, 
from analytical mechanics, is: 7 « (30) 

in which 7 tendon on taut side; S — tendon on slack dde, both in same unit, prefer¬ 
ably lb; e « base of Napierian logarithms ■■ 2.71828; tr ■■ 3.1416; / ■■ coeffic of fiiction 
(values given in Table 2); n number of hidf laps on drum (number of turns of 180° each). 

The useful effect.^ force transmitted by the drive, is the difference between tendons 
on the two sides, that is^7 ~ S. If S be subtracted from both ddes of £q 30, this becomes, 
on reducing: 7 — iS » S — 1) (31) 

which is an oxpresdon for force transmitted by a band drive, and is useful in detwmining 
S for a given drive when force to be transmitted is known. Table 3 gives values for 
for a number of combinations, for saving time in applying Eq 30 and 31. 


Table 2. Coefilcienta of Friction, /, for Band Drives. By William Hewitt 


Condition of aurfaoea 

Iron on iron 

Iron on wood 

Iron on rubber 
and leather 

Dry. 

0.170 

WMXSKM 

0.49S 

Wet. 

0.085 



Greasy. 

0.070 


1 0.203 


Table 3. Valnes of efvn. By WUliam Hewitt 


n -i Number of half laps about abesvea or dnima 


/ 

1 

2 

3 


5 

6 

0.070 

1.246 

1.552 

1.934 

2.410 

3.003 

3.741 

0.085 

1.306 

1.706 

2.228 

2.910 

3.801 

4.964 

0.100 

1.369 

1.875 

2.566 

3.514 

4.810 

6.586 

0.120 

1.458 

2.125 

3.099 

4.518 

6.586 

9.602 

0.130 

1.504 

2.263 

3.405 

5.122 

7.706 

- 11.593 

0.140 

.1.552 

2.410 

3.741 

5.808 

9.017 

13.990 

o.iso 

1.602 

2.566 

4. Ill 

6.586 

10.551 

16.902 

0.170 

1.706 

2.910 

4.964 

8.467 

14.445 

24.641 

0.200 

1.875 

3.514 

6.586 

12.346 

23.140 

43.376 

0.205 

1,904 

3.626 

6.904 

13.146 

25.031 

47.663 

0.235 


4.378 

9.160 

19.166 

40.100 

83.902 

0.250 

2.193 

4.810 

I0.S5I 

23.140 

50.637 

111.318 

0.285 

2.299 

5.286 

12.153 

27.941 

64.239 

147.693 

0.300 

2.566 

6.586 

16.902 

43.376 

111.318 

285.680 

0.350 

3.001 

9.017 

27.077 

81.307 

244.152 

733.145 

0.400 

S.5I4 

12.346 

43.376 

132.405 

535.488 

1 849.140. 

0.410 

3.626 

13.146 

47.663 

172.814 

626.577 

2 271.775 

0.450 • 

, 4, m 

16.902'^ 

69.487 

283.680 

1 174.480 

4 828.510 

6,m 

4.716 

22.425 

106.194 

502.881, . 

2 381.400 


, 0.^ 

.4.810 

23.140 

111.318 

533.488 

2 575.940 
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Moat ealouUticau for traaoway drivM and braltea are based on the ooeflie ai McfSon 
for wet topes, as this often oooutsi neither rope nor Innke dtould ever be greasy* 

Grip shears, as in fig 29, him a series of jaws about its oircuniferenoe which an 
tightened by the rope's press; these multiply the press between rope and Aeavs by the 
ratio of lever arms of Uie jaws, hence proportionstdb^ inerease the friction. For a 
grip dteave with iron or steet jaws,' having leverage of 1 : 3, the value ^ » 2.228, and 

srtim the leverage is 1 : 3Vs, w ■■ 3.5, in both oases with rope for tdiich/ ■> 0.065. 


BI-CABLE TRAMWAYS 

A GENERAL CONSIDERATIONS 

Elements. A bi-csUe tramw^ consists of: 1, two track cables stretched at required 
tension: 2, an wuUess traction rope for moving the loads; 3, numerous carriers for the 
loads, each fitted with carriage or trolley to run on track cable and a clamp or grip for 
seising traction rope; 4, a station at each end to operate or control the traction rope and 
provide places for loading and unloading carriers; 6, intermediate towers for supporting 
track cable and traction rope. 

In operation, each load is placed in a carrier while standing on a track in loading 
terminal; the carrier is then attached to traction rope, and hauled to discharge tenninid; 
there it is released from traction rope and contents are discharged. EImpty carrier is then 
attached to traction rope on return side and is hauled back to loading terminal. 

Capacity. Economic limits of capac for ordinary bi-cable tramways are approx 
10 and 100 ton per hr. If less than 10 ton per hr, it is more economical to operate tramway 
fewer hours or on altemate days, than to reduce carrying capac. 

Demand for tramwasrs for traffic exceeding 100 tons per hr has recently developed 
iQ>eoial heavy equipment and structures, permitting construction of lines carrying up 
to 300 tons per hr. 

Length. It is seldom wise to use bi-cable tramways for distances less tiian 1 000 ft, 
because terminal machinery costs as much as for a longer line and so makes first cost 
exoesrive. Max limit, under favorable conditions, is about 4 miles; the resulting 8 miles 
of traction rope is as long as can be operated successfully; the tension in traction rope 
becomes excesmve; an exceptional case occurred on the Benguet tramway, which is 40 600 
ft long (Art 17). For very long distances, a series of tandem tramways can be built, and 
the carriers switched from one to another; but each division is practically an independent 
tramway. Thus, a tramway at Chilecito, Argentine, 21 miles long (Art 17) has 8 divisions. 
In any tramway, the track cables are divided into sections of 3 000 to 6 000 ft each, one 
end of each section being anchored and tension being applied to the other end; each section 
of cable may be made up of as many pieces as desired, provided the couplings do not come 
close to tower saddles. As the carriers pass through anchorage and tension stations withr 
out interruption, lengths of cables limit neither operation nor possible lengtii of line or 
division. 

Leads. Net weights of 500 and 2 000 Ib are the usual lower and upper limits for loads 
on ordinary tiwnways; below 500 lb there is no mving in cost of carriers, and for over 2 000 
lb the wear on cablM is great. The time interval between carriers is conveniently about 
1 /t min. ' Then 2 (XX) lb every l /a min » 120 tons per hr, and is near, the maximum cig>ae 
of bi-eable tramways, using two-wheel carriages. In recent practice, larger and stronger 
tiaok cables permit use of higher cable tensions, and 4-wheel carriages are used to keep the 
wheel load down. Net loads to 4 000 lb are carried where the neceprity for large toimage 
warrants the extra cost of plant (Art 6a). 

6. TRAMWAY SURVEYS 

Sttsvey of proposed roots, with surface devotions, must be made and a profiJo ' 
of oenter-tioe must be plotted before a tramway of any ts^ can be designed. At’sum- 
ittHs, or wherever sudden changes in profile occur, devotions should be determined at 
intnivida of 25 or 50 ft. The stations staked out may be numbered 1, 2, 3, etc, for das- 
tanoesof 100,200, 300, etc. ft from the origin, as in R R surveying: intermediatedfstanflos 
are noted as + f t frcnn preceding station. In very rough country, distanees and slevMaons 
of important points on summits may be detomined' by stadia meaauremento, and the 
position of additional pdats on each side hy taidng and levding from the stadia points. 
In 'any ease, the data odleoted must be such that an aecnrate profile»eaa bd plotted; 
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LocMiim 11a* of tramway dunild teaerally be atraicht, aa thia ia the ahortaat diataaee 
b o tw ean teraiin^, and cheapeat to build and operate. An Mo^ptiOn oooun when 
tramway paaaaa over a ridse« with a aharp aummit in profile; than, for a lar^B tonnage, 
<»r where the aummit ia high or alopea are ateep, it ia adviaaUe to aearch for a lower paaa, 
even if off the direct line; a aecond profile ia made from loading tormiiud atrai^t to thia 
paaa and tiience atraight to diaoharga terminal, making a horia angle between ^a linea 
at the paaa. It may be found, on laying out the two route*, that the one with the ani^e 
ia the better. If .the ground haa a ateep croaa dope, aay over 16° (or 1:4), croea^aeotiona 
ahould be made at intervala, ao aa to deaeribe the oonditiona. 

AdditionBl data. Bendea profile of eenter-Une, the eurvey ■bould indude plan of eite ot both 
terminala, with eoatoun; and ahow podtion of all buildings to which tramway must be connected. 
Tbeae plana ahould cover an area conaiderably larger than the propoaed terminal, aay 50 ft on each 
aide of center-line and 300 ft along it. Similar plana should be made of sites along the route where 
intermediate stations are likely to be located, in order to place all conditions before the designer. 
Relation of plana and citHweections to points on profile must be given by reference marks on each, 
and permanent marks left on the ground ao that the line can be located when construction is begun. 
It is important to preserve survey points near terminala, and if these are likdy to be deatroyed by 
excavation for the structure, othw reference points must be set. Survey should be plotted by pro- 
filcb oroas-seotions, and plans, before leaving the locality, to insure that all necessary data have been 
secured; but survey notes giving distance to, and elev of, each point should be sent in with the plots, 
so that the latter can be redrawn, if desired, without having to scale the surveyor's drawings. 


6. DESIGN OF BI-CABLE TRAMWAYS 

Proportioning of interrelated parta of tramway* depends on many variables and con¬ 
ditions. Values in Table 4 apply to lines with easy grades, and are useful for preliminary 
layout*. For conditions which increase difilculty of design, see Art 6o. 


Table 4. Relations of Cable Sizes, Loads, Etc, to Tonnage 


Tone per hr 

Diam 0 / caet-eteel 
Cablea, in 

Loads j 

Gage, ft 

Carriage 

Loaded 

■ide 

Empty 

side 

Wt of 
material, lb 

Wt of 
carrier, lb 

Total 
load, lb 

5 to 10 

■H 

Vs 

500 

300 

800 

6 

Light 

15 to 20 


7/g 

700 

400 

1 100 

6 

41 

25 to 30 

mXSM 

Vs 

900 

425 

1 325 

6 or 8* 

Heavy 

40 to 50 


Vs 

1 200 

450 

1 650 

8 

• • 

60 to 75 

HISB 

1 

1 600 

500 

2 100 

8 

Extra heavy 

80 to 100 


1 

2 000 

SSO 

2 550 

i 8 or 10* 

14 


* Wide gages are needed for long lines, where driving machinery must be large. 


These combinations are baaed upon the fact that the size of load for a given tonnage 
detennines the number of carriers on the line; if load be small, the cost of rolling stock is 
increased, due to the number of carriers, since part of cost of each unit is constant; if load 
be large, the sise of track cable increases in proportion to the individual weiid^t earned, 
alliiough the loads may be few in number. An empirical rule sometimes used to determine 
BiziB or CABT-KTEBL m^CK CABUB is to permit a gross wt of carrier to 1 200 lb per sq in 
of cross sec of cable on small sizes, and increase permissible load to 1 400 lb per sq in of 
section on larger cables, assuming sectional area equals that of solid bar of same diam. 
The OAOB (diatance apart of track cables) may be 6 ft for small carriers, but must be 8 ft 
for large ones, and may need to be 10 ft to suit bulky materials. 

Tramway speeds must be hitdi to carry laige tonnage without increasing wei^t of 
moving porta, nor the atreaeea due to their weight, but when speed is too high it is difficult 
to handle Uie carriers at terminals. The practietd speed ia about 8 ft per see, wiUi 10 ft 
per sec aa max with favoraUe oonditioiiB usd careful de si g nin g. 

Let lig 11 be a tsrpieal profile on which ia to be built a tramway to carry 60 000 lb broken ore 
per hr, ^s^hing 100 lb per eu ft. By Table 4, the eablea will be 1 1/4 and Vs^n diam. Let earner 
mpao be 800 Ib^ and gage^A ft. U apeed be taken at 480 ft per min, the apeciitg of earriere will be 
(fiky 25 and 2^: time intwval < •« 1,8 I + » 1.8 X 80030 -■ 48 nee, and die4»nee apart 

d tm tt + OO ■* 48 X 480 60 ■■ 384 ft. An S-cu ft bucket weighe 420 lb, making groM weight 

al dhe leaded eantw - 420 4- 800 • 1220 lb. 
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Z«ocatiiig the line. The profile is plotted to a natural scale, say 1 in » 40 ft on “Plate 
A" profile paper, 20 in wide, ruled 4 by 20 lines to the inch. If difference of elev between 
ends of line be great, several strips may be joined together to get required width. If line 
is too long to be operated as one division the junction points are determined and each 
division is laid out as a separate line; later, the junction stations are designed (Art 16). 


ByinapeotinK the profile, points where a rope stretched from one terminal to the other would first 
touch the ground can be seen; in Fig 11, these will be at Sts 21 and 60. The profile is then tacked 
to a long table, eiposing one portion of the line, eay from loading terminal to the first high point: 
and the terminal structure is plotted in outline to fit roughly the conditions imposed (Art 16). A 
pin is set in the terminal at point where cable leaves the horis rail, another pin is set at the minimum 
height of tower at the ridge (say 12 ft if snow does not lie there over 3 ft deep); a silk thread is looped 
over one pin, passed around the other and led over the edge of the table where the spool's weight 
(a Utoh having been taken in thread to prevent unwinding) draws it tight. If the profile paper be 
ruled in green, and red thread used, there will be no oonfusion with black ink or pencil lines that may 
be added. The thread represents a chord, from which the cable curve can be plotted by laying 
off defiections at as many pi^ts as neoesaary. If it develops that the chord is not in best place, it ia 
afaifted by moving the pins. It can be subdivided into shorter chords by holding it with intermediate 
pine. Tramways are usually laid out for the heavy eable; the light one carries only the empty 
carriers and will fit same supports as the loaded one, though sometimes it may be necessary to lay it 
out tor separate study. 


rBpadng.l 

fc^wemi 
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Towerg. The location and heic^t of towers must be such that; a, track cable will lie 
finnly in the saddle under all conditions of loading; b, angle made by cable over any saddle 

at a crest will not be excessive. These requirements 
are expressed by bmpirical rubbs: 1. The tops of 
towers are brought up to a construction curvb, the 
tension of which is 1.5 times the working tension of 
track cable. 2. The deflection angle o, Fig 12, made 
by empty cable over any saddle, shall not exceed 2“ 52'; 
that is. an angle the tangent of which is 0.05. As these 
angles are conveniently laid out by their tangents, they 
are referred to as deflections of 0.05 or 5%. But, the 
tower at end of a long span should have no deflection 
over it when cable is empty. Angle a is the jdeilec> 
tion between chords only for short spans; on others, 
it is the deflection between tangents to adjacent empty 
cable curves. 

After preliminary layout is finished, different points 
on the line are studied separately (Art 6<t), the position 
of cable is determined mathematically and the design modified to fit the specific conditions. 

Construction curve has a tension 1.6 times that of the working curve, hence its equation 
for cast-steel cables is: 

. ica* 3.7 a* 

A - -rr - - ■ : i . - - - O.fXX)009a* (32) 


\i/ 

t! fR>e«MseS s spacing 
\\ * - 

V 

Fig 12. Derivation of Table 5 


81 8 X 34 600 X 1.5 


in which 3.7 -■ wt per sq in of steel in cable 12 in long, and 34 600 is working tension 
per sq in of steel (Eq 6). 

To plot construction curve, points are located at intervals by deflections from tho 
chord, as marked by the thread, and conatruction curve is then drawn throufl^ th^, 
wooden ejufves. These curves should be 18-24 in lung, made, by laying out d^ectioho 
from a chord for a number of points, by Eq 3, using proper oonstuits, and must be cod- 
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■tmoted on aune aoalo w iho plot The towers are then plotted in outline «t convenient 
p<wt8, with their tope «t the oonstruotion eurve end the curve of the eefato et working 
tension (with or without loads)' is drawn in between tlwm, thus forming a dight 
at every tower. 

On long spans, the loaded position of the eaUe should be esloulated and plotted, and 
its relation to towers and ground inveeti^ted. If there are 3 or more loads on a q>an, 



Fig 11. Profile of Typical Bi-oable Tramway—Conttnuwf 


their effect is practically the same as an equivalent load uniformly distributed; hfm t ig 
the wt per ft w, in equation giving the deflection, will be: 

v> iot colds (lb per ft) +- spring (ft ) - IracHon rope (16 per ft) (33) 

In £q 33, spacing is found by Eq 26, and the traction rope, for preliminary determina¬ 
tion, may be t^en as 0.76-in diam, weighing 0.89 lb per ft. With only 1 or 2 loads on a 
span, the deflection at load points is found from Eq 11. Having determined deflection at 
one or more points, a smooth curve connecting them with the end points can be drawn. If 
q>an8 are inclined, the formulas for deflections of inclined spans must be used (Art 1). 

Application of rule 1 for locating towera is shown in Fig 11, from Sta 60 to the discharge terminal. 
A pin is set 16 ft above the ground on profile at Sta 60, another at end of rail in the terminal, and the 
thread is stretched. As the conetniction curve would strike surface at Sta 60, a pin is placed hero 
about 10 ft above ground, giving 2 chords. From Sta 60 to terminal, the chord is not far above 
ground; hence the construction curve ia drawn and towers 20 and 21 are place under it, to divide 
the space about equally and avoid a tower in the hollow. 

l^eptions are sometimes made to the rule requiring towers to reach up to the construction 
eurve: 1, if spans are long, causing a great difference in sag between empty and loaded conditions 
of cable, involving sharp bends over the towers; 2, if the line croeaes a ravine, where it could not be 
operated without towers, but where the towers would be unduly high if brought up to construction 
curve. In both eases, the tops of towers are placed along a slacker curve, and the empty cable is 
prevented from lifting out cd saddles by steel plates bent over the cable and fastened to sedges. 
The curve through tops of towers should be high enough to cause cable to bear in the saddle when 
line is loaded, and so relieve the hold-down straps. When this construction is used, the position of 
traction rope must be investigated, as it may be taut enough to lift and foal track cable or tower 
saddles, if there are no buckets on the span to hold it in normal position. Designing on basis of 
loaded cable is further discussed in Art 6a, under Broad Valleys. 

Construction at crests is a diflicult problem. The principal wear on track cable occurs 
near towers, and this is aggravated at crests by the downward pressure due to pull of 
traction rope, added to weight of carrier. Downward pressure is minimised by making 
the eurve over the crest as easy as possiUe, by introducing a series of towers at short 
intervals and distributing the bend among them. 

Tllustrstion of this occurs at Sta 60, Fig 11. A pin having been set at Sta 60, a tower is placed 
equidistant on each side of it; the one on upper side is so placed that the cwble will make a 6% 
deflection over it when span is loaded, and the end tower on lower side is brought up to curve td the 
empty cable, with no deflection. Total deflection angle between tangents to these two curves is 8”. 
A deflection of 5% per tower corresponds to an angto of 2* 62', which, divided intofl*, indicates that 
3 towers are needed. A fourth tower. No 18, is added and brought up to construction curve drawn 
from No 18, to take the bend due to a loaded carrier in the span from No 18 to No 20. Tbs profile 
mritm it convenient to place the towera 40 ft apart. 

The locatioo of towers at a crest is expedited by using a set of circular curves, finding 
by trial the one riiat fits between tangents to the two cables and is best suited to the profile, 
and then building the towers up to this curve. If the towera are lined on a circulu* arc, 
and an equal (iefleetioh occurs at each, they will be spaced at equal chord-4etigths along 
the are, tto radios which can be calculated for any chord. Radius of the curve through 
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towwn, for diffemt defieotiona wad tcnrar opadagB, la givwi in Table fi, tiie date oa wbieh 
it ia baaed being ahown in fig 12. . 


Table 5. Radlua of Cutve'Tbroiagb Towers (All dimenaiona in feet) 


Defleo- 

lion 

Tanr 

g^t 

Angle 

« 

Coeee 
1/2 « 

Spacing of towers, nMasured on the curve 

10 

20 

El 

D 

Q 

60 

70 

80 

90 

(00 

1/2 :20 

0.025 

1® 

26' 

79.95 

400 

Hi 

1200 

m 


2 400 

ilWS 

HWl 

3 600 

4 000 

S/4 :20 

0.0575 

2* 

09' 

53.81 

270 

540 

810 

1080 

1350 

1 620 

1 890 

2 160 

2 430 

2 708 

I :20 

0.05 

2“ 

52' 

39.98 

200 

400 

600 

800 


1 200 

1 400 

1 600 

1 800 

2 000 

11/4 : 20 

0.0625 

3® 

34' 

32.13 

160 

320 

480 

640 


960 

1 120 

1 280 

1 440 

1 600 

|l/s:20 

0.075 

4® 

18' 

26.66 

133 

267 

400 

533 

mSi 


933 

1067 

1 200 

1 333 

18/4 : 20 

0.0875 

5® 

00' 

22.93 

115 

230 

345 

460 


690 

805 

920 

1 035 

1 150 

2 :20 

0.10 

5® 

42' 

20. II 

100 

200 

300 

400 

500 

■ail 

700 


900 

1 000 


At crest at Sta SI. a similar group of towers occurs, and Fig 13 gives graphic solution of problsm. 
A point A, at Sta 21 and El 1600, is taken as a trial point and a chord drawn to Tower No 8. It ia 



evident that a curve drawn to this chord will strike the ground, hence Sta 20 is a more suitable 
terminuB for the chord. A point B ia therefore set at Sta 20 and £1160S, and a new chord drawn to 
Tower No 3, giving a span from Sta 2 to Sta 20 *■ 1 800 ft horisontally. Next, the center defleo 
tios of loaded cable ia computed and the tangent B to C is constructed. On the right of summit it is 
evident teat the cable wiU follow slope of ground to Sta 28, hence a line DB is drawn parallel to 
and 15 ft above ground. A trial of several circular curves shows that one of 20-in radius (which, 
at scale 1 in 40 ft, corresponds to 800 ft radius), laid tangent to the lines BC and DE, conforms 
to tee profile. By Table 5, the 800-ft curve corresponds to towers 40 ft apart, for deflections of 5% 
oa each. This arc ia then drawn in, towers are set near tangent points, with a distance between 
them equal to a multiple of 40 ft, and other toweie are plotted up to the curve with a spacing of. 
40 ft, thus giving 9 towws for the vert curve. 

Traaiwny treede is a structure with a series of saddles mounted at intervals of 5-^ 
ft, with a slight deflection of cable at each saddle, and is used on a summit where a group 
of towers would be objectionable. 

Fig 14 teowB an application of this construction, for conditions at Sta 50 (Fig 11), The figure 
also gives, for comparison, the graphic solution for a scries of towers, similar to arrangement at Bta21. 



A trial point A is set at Sta 50 and El 920 and, as the spans are long, the tangents to loaded cables 
are drawn on both sides, AB and AC. A curve 800-ft radius ia drawn tangent to these fines; and 
towem are spaced 40 ft apart, giving the 8 towers, shown by dotted lines and inverted urows; but 
these ate undesirable, owing to their heights (upper cme beiag 05 ft high) and to aseassity cC cutting 
Mm summit of ridge. Next a trsetla with eaddles 10 ft apart and a daflaerioa of 5% qn. ia 
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InviMtiCKtML Under theee eaaditioiie. tbe aaddlee will lie on ■ ourve ctf 9Q0-fi mdiue (I'ebte 6). 
nUe oorve, pleoed teacent to ibe linee AB end AC, ie unneoeeeerily high et Am i«lt« benoe line AB 
b lowered, which movee pdnt at inteneotion at taiisenta to the right. The etriwtun ndigrted b 
ehown by full linee. 

In making final deaign of a trestle, the elevs of end points are sealed from the 

inclinations of tangents to loaded cal^ are e<»nputed and the difference ie the angle of 
defiection between the two tangents; this divided by the ani^e corresponding to derired 
deflection, gives num))er of saddles required. Fi-om this the dope of chord from mddle 
to saddle is found uul the elev of each saddle calculated to nearest 0.1 ft. A similar proceas 
noay be used to oalotdate dev of individual towers of a group, idter locations of end towers 
have been determined by scaling. 

Rail trestles are dmilar to type just described and have the same apphoation, but a 
rail is added to take the rolling load and relieve the cable (Art 13). 

Track cables are tightened by a weight or some tendon device at one end, the other 
end being anchored (Art 11). On short lines, the anchorage is at one terminal and the 
tendon is applied at the other. A section from 3 0(X>-6 000 ft is as long as can be con¬ 
trolled from one tendon point, hence long lines must be divided into sections of approx 
4 000 ft. Exact lengths of sections are controlled by choodng, along the line, suiteble 
dtes for stations. It is customary to place anchorage at the high end and apply tendon 
at low end of section; then the wt of cable aids in working the slack down to the tendon 
weight, and erection is also facilitated. Intermediate stations are necessary for long 
lines (Art 12). The typical tramway (Fig 11), being nearly 7 000 ft long, requires one 
intermediate tension station, placed on the ridge near Bta 40. It is constructed as a 
combined anchorage and tendon station (see end Art 12). 

6a. MORE COMPLICATED PROBLEMS OF DESIGN 

VThen a tramway is to carry heavy individual loads, or large tonnage, or the difference 
in elev between ends is great, serious problems are presented. Heavy loads require a 
large cable, or a carriage with more than 2 wheels, or both, to distribute rolling load and 
reduce bending stresses in the cable. Large tonnage or great difference in elev creates 
heavy traction stress (computed by Eq 29), which requires rope of large dse or high tendle 
strength. The vert component (Fig 18) ^ a heavy rope stress augments the rolling load, 
which in turn injures the cable. Hence, when an unusually strong traction rope is imeded. 
say over 0.75 in of cast-steel grade, it should be taken as a danger signal and the dadgn 
carefully reconddered. Heavy rolling loads also affect the dedgn of structures and ma¬ 
chinery, increadng bending stresses in saddle beams on towers and stations, and in the 
membm of rail trestles (Art 13). 

Determination of rolling load. A profile to scale of 1 in 40 ft (or 1 to 500 metric 
measure) is generally convenient. Humps in the line can be located, and these replotted 
to twice the above scale for detailed study; choodng first those points, near upper end, 
where tendon is greatest and conditions likely to be most severe. As the exact podtion 
of the cable can not be plotted in the early stages of dedgn (some conditions bdng un¬ 
known), an approximation miut be made. 

For a given make or type of tramway oertdn mechanical parte have find and known dimea- 
dons, vis: the distance at carrier of traction rope bdow tbe carriage and distance of traoticm rope 
carrying eheayeB or roUen below the grip. On theee bases, a diagram is drawn to scale d 1 in > 
20 ft (or 1: 250 metric), with locus of tower saddles as an arc, the path d grip or clip as a dmilar 
arc, and a third arc representing the locus d traction rope roUers. These arcs are concentric, and 
thdr distances iMPart are determined by the above mechiuiioa! features. Fig 14a shows sudi a set 
d curves (exaggerated). For any position d a carrier, lines drawn from its grip tangent to the 
roller curve will be chords d the traction rope, as lifted by a passing carrier. This is true unlam the 
curve is so sharp that the chord d the traction rope to next carrier does not touch a roller, when a 
idfferent cmtstruction will be needed, as in Fig 14b, discussed later. With tractiod rope chords 
drawn to rdler arc (Fig 14a), a parallelogram d forcm is Idd out on thmn, and the vert component 
determined. If the traction rope stiam is laid off as 100, the vert component is a percentage, whieh, 
multiplied by the actual tension in the rope (Eq 29) givm the vert stoess due to tension. This mm 
also bedoond analytically (see calculation bdow Fig 14a). Totd rdUng load is the sum d: wt of 
carrier and its load, it any, and vert ateem found from the chordh. 

Rgdiug «f grc over gaddte for may case diould be the one best suited to diape of 
the crest, taking into aoeount the duupness of the ridge and breadth of the hill, and be 
as large aa possible without making the ends too high from ground. Sometimsa on a 
disrp ridge a eut or even a tunnel is needed to allour flattening (ff eurvea. Spacing of 
tovrere to fit the saddle am ia found from Table 6 for a deairsd deflaotion anile over 
vidual aaddlsm 
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When ra4iua of iiwldle ore can not be inereawd enough to rednoe the'roUing load to a deafaed 
amount, a rail atraeture can be built over the neat in place of aeveral towexa, thna earrying the toad 
on Bolid track instead of on the cable. Such a Btructure often coata no more than a group oi 
towers; Bometimee it can be combined with an anchmrage or a tension station, at little added cost. 
The rail must be long enough at each end to keep oariiers off the cable, so as to prevent heavy vert 
Btreaees on cable when carrien are near the crest. Bee Fig 14b, where carrier JP on tangent to the 
summit curve has a heavy vert stress'due to traction rope tension, which, if on the cid>lo, would 
oanae senoua beading. If the rail is extended down the tangent, so that a carrier, as Q, is on the 


SaddlaAntS 
nstbafOrlnlta 


AreergellM 
below arip^ 



DlttaaeeAtoAiiwIalaigni 
■peciBB «r cnnete 
«t which tmetlan lepe 
touchd rollen, 
AA-2i/lRB)f-<ftrl* 

AB tatheVertCoiBponaataBdlBa 
fanetlon of tenelon MA. 

If AT U leM off »I00, thee A8 la a 
f of the teneioa. 

If AT la ljUdoff toacaloBto tcMion, 
thaa ABaaaotiMl vaitooDpoDantat 


'Vart twaapaaoBt fomul aealirtlesny; 
'AnBieATTw^-.eoad^MRv-e-Rs; AB« 
tATalo« 


Whaa lellan aaaeloaa cedar arip (an ate rf>x 
aolcUon followa oa Unas wltb an vaapandiag 
aaaUlattsas:a, b, (> r, aad/ 


Fig I4a. Stress Diagram of Vertical Component 


rail, the rolling load doee not come on the cable. Use of supporting aheavea for the traction rope, 
eloae under grip or clip, makes the vert stresses much smaller than when roUm are below bucket. 
Fig 14a gives solutions of these Btreasea for the two types of conatniction. 

When saddle arc has a large radius, is short, or oarrieia are close together, the traction rope 
may be supported by tlie carriers, not touching the rollers; this often occuia where traction rope 
rollen are below the buckets, but less frequently when rollen are close under the grips. When 
traction rope does not touch rollen, the position of next carrier on each side is plotted, and a force 
diagram plotted on the chords drawn between grips, as for carrier at iV (Fig 14b). Note th**- the 
diagram would be the same if chords were drawn between the tx^nts on cable where the carrion 
stand, instead (d from grip to grip. 



PenidMdblff rolling lotdg. Table 4, showing net loads that can be carried on oast* 
steel cables of different sixes, is useful in beginning to study a problem. The totd rolling 
load must be considered; it consists of net load of material carried + wt of oarrier.,+ vert 
component ef the traction rope tension; and should not exceed 1200 lb i>er sq in of cable 
aeetion, when a 2-wheeled carriage is ua^. The metallic area of cable is foimd by dividing 
the wt of cable per ft (TaMe 1} by 3.7, and the working tension is 34 600 lb per sq in area. 

Bending of the cable under the traveling load decreases with increased teninon. 'Wheie 
a cable had been injiued, investigations in^oate that a ratio of rolling load to faoiimeaUe 
tension was too grmt. and that a ratio W -i -1 m 0.035 is c^ut the limit of load that can 
be carried without undue wear. Thia ratio oorrespoiub to a d^eetion angle, between the 
tanaentB to the cable on the two sides of the load, equal to 2^, with carriugaa having two 
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10-in wheels, 18-in centers. If the ntio exseeds 0.035, a larger track cable, or one of 
stronger wire, may be used; either will increase value of f by permitting the use of higher 
tension in the cable and so decrease the defieetion angle at the load. If the tennon can not 
be so increased, the design of the carriage may be altered by using four 12-in wheels on 
20-in centers, mounted in an equalising frame. The load can then be douUed and stilt give 
a deflection imgle under each pair of wheels not exceeding 2”; that is. the total deflection 
angle for a 4-wheeled carriage may reach 4°, the tangent of which is nearly 0.07. 

Where the gross load is too great for the cable at a few points, and a larger cable 
throughout is not warranted, the deflection angle under a load can sometimes be decreas^ 
by building a section of the tramway with a larger cable, thus permitting a higher local 
tension, with Uie same effect as reducing the rolling load. This device can also be used on a 
long span, to reduce sag of the track cable. 

Angle over towers. In Art fl it was stated that the deflection ang^e of the empty 
cable over towers should not exceed 2° 52', or a change of direction of 5%; this rule is 
applicable to many lines using fixed saddles, especially for capacities up to 60 tons per hr. 
But conditi<»is may occur, especially if duty is high, where the rule is not applicable, as 
the difference between loaded and empty position of cable on long spans is so great, that the 
loaded position of cable must control the design. 

Example. If a span is 1 000 ft long, empty cable weighs 3 lb per ft, total uniformly distributed 
wt of loaded cable is 9 lb per ft and cable tension 24 000 lb; then, from £q 8, the slope of the empty 
cable at the end tower will be 8.25% and slope of loaded cable 18.75%. If the tower at end of span 
is set with relation to the nest one, so that there is no angle over it when cable is empty, there will 
still be a 12.5% deflection when span is loaded. No construction will permit so great a change m 
position of cable. In such case, the towers at ends of the span must be so set that there is an upward 
deflection on end tower when cable is empty; then, when loads come on the span, the cable will sag 
and deflect downward over that saddle. Thus, if the empty cable had a deflection of 6.25% acting 
upward, the final deflection when span was loaded would be 12.5 — 0.25 » 0.25% downward. To 
hold the cable in the saddle when it is empty, the saddle must then have a strap (hold-down saddle^ 
and movable points to permit the passing carriers to leave and return to the eabte. In trying to 
'reduce the angle over a tower at the end of a long span, the position of cable is detergiined by gravity 
and can not be altered, and to get an easy approach the poaitions of towers back of the end tower 
are thexinly conditions susceptible of change. 

For the heavy lines discussed in. this Art, saddles are preferably of the rocking type. 
some in use have arcs 10° loug, with radii of Ififtfor^/g-l^/g-in cables and 25 ft for 1.5~2-ia 
cables, supplemented by arcs of smaller radius at each end. They may be used where the 
cable deflection over them is as much as 8°, or 14%. When a load approaches such a saddle, 
the depression of the cable rocks the saddle toward the load and, after passing over it, 
the depression of the cable rocks it in the opposite direction. The rocking saddle is essen¬ 
tial where tower spacing is long, as the deflection angle between tangents to the cable is 
then large; if it exceeds 8°, a double tower with 2 saddles for each cable may be used. 

To determine type of saddle and construction needed at any location, the exact slope 
of the track cables must be found. The worst condition is when a load approaches or leaves 
a saddle and is a short distance from it; this distance varies with the saddle design and 
length of carriage, but may be assumed as 6 ft for a general study; thq poaitions of the 
other loads are determined by the load spacing. The inclination of the cable at a saddle is 
the algebraic sum of: (1) inclination of the chord found from equation tan a "* V + » 
(Fig 7), which may be up or down; (2) inclination of the empty cable with respect to 
its chord, from Eq 8, is tan >= wg -r 21; (3) inclination of the funicular polygon due to 
the loads; thus, in Fig 4 (from Eq 9} at the end A, tan ^ r ri- I, where r, the reaction at 
opposite end B is due to the concentrated loads. 

When one load is close to a saddle, the next one on opposite side will be nearly a load spacing 
away and the others will be multijdee of the load spacing from it. Deflection angle of the cable over 
the saddle can be determined from the inclination of the 2 cable tangenta, and with the rocking 
aaddlea described above would be limited to 8*. The deflection can be figitfed in percentage by 
adding the tangents, as they are practically proportional to the angd^ when the angles are smalt; 
the limiting defieetion would then be 14%. If the next saddle, on the aide opposite the one where 
the load ia dose to the saddle, is leas than a load epacing away, the inclination on that side will be 
due to the chord and the empty cable only; thia condition may occur where towers are eloaely 
apaeeA or where 2 saddlee are mounted on a double tower. 

Brogd Villsyg present another case whmv construction must be bas e d on the loaded 
cable, espedally if ^e viUley is too deep to use ordinary towers, or is shallow enough for 
the Inadotil caUe to touch ground on a clear span. Loaded cable d^eotion would 
then be computed for a point ia the valley where a tower could be built, using a tmsion 
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26 % m toon gr«ai«r tlian tlw woildiig tenaon. If a tower » built up to this positioiu of 
cable, the acupty oaUe must be held down on it, but the loaded caUe wii! bear upon it 
with (mly a moderate angle. Several trials may be necessary before a solution is fmmd. 
In such case, tiie traction rope must remain below the track cable, so as not to foul, nor 
have a lifting action that will nuse an empty carrier ofiF the cable. The position of traction 
rope is determined from its wt per ft and its tension at this point. It may be possible 
to hold it down at towers by rollers placed above the grip. 

Bxampis. SuppoM the valley is 3 000 ft wide, and chord is horia; empty cable weight S lb per ft, 
loaded cable has a total uniformly dutribated wt of 0 lb per ft and cable tension is 24 000 lb. Then, 
by Eq 2, the deflection of empty cable at center of epan ia 140 ft, and end elope ia IB.67%; when 
loaded, deflection ia 420 ft and end slope ia 56%. For a construction curve at 1.26 timsa the working 
tension, defleo«ian will be 336 ft, and topography may be such that a tower can be built up to the 
cable at this point. The end elopes of this construction curve will be 45%. Assuming that the 
surface on die Banka of valley has about this elope, towers can be placed under the cable at both ends 
of the 3 000-ft span, and so reduce the half spans to say 1 000 or 1 200 ft from the flank towers to 
tower in mid'-valley. The flank towers will probably need hold-down saddles. Several triala will 
be necessary before final solution is found, as the introduction of towers changes conditions. The 
tower in the center of valley will also need a device foi lir>ding down the cables. Sometimes hold¬ 
down aaddlea can be uaed; otherwise a short rail station should be built. An anchor or tension 
station, if needed, may be located in the valley and so hold down the oablea. Where the traction 
rope does not naturally hang below the cable, it may t)e possible to hold it down by sheaves above 
the grip, but care must then be taken not to produce an upward stress that will lift an empty carrier 
off the cable. If the traction rope can not be held below the cable, the valley tower must be raised 
to hold the cable above the curve of traction rope. 

Anehorgd gpgna, having a taka-up to produce tenmon in the track cables, are sometimes 
feasible. They require more judgment in erecting and in keeping the proper tension in 
cables than where weights are used, but this construction is usually cheaper than weighting, 
as the structures can be lower than those used with weights and the equipment is cheaper. 
The tension in cable is produced at one end of a section by a wire rope tackle, or a turn 
buckle, or rods with long threads, forming part of the permanent equipment. 

On RiBLirr trkmways, cable tension is nearly always produced by wire rope tackle between end 
of cable and an anchorage. The tackle blocks have sheaves set tandem between 2 long Bteel.plateB; 
the sheaves in each Uock are of different diam, the one nearest the connection being the largest; 
this places the sheaves smd ropes in one plane, but the ropes clear each other due to the different 
sheave diameters. The pull on the loose end of the tackle rope ia obtained by winding it on a drum 
driven through worm gearing operated by hand. The fixed tackle block is attached to the drum 
frame, and the whole w anchored to a block of concrete or maaonry. 

In erecting a line with anchored spans, tension should be applied to empty cable to bring 
it a little higher than the computed xmsition of the loaded cable when fully loaded, say 
with a center deflection 75% of that of loaded cable. Then, when loads are added and 
cable stretohee, it will occupy approx the calculated position. The layout of tramway 
witii anchored spans should be such that a concentration of loads on a long span (due to 
oonditions in loading or stripping the line with buckets, or accidental uneven spacing 
during operation, causing tiie span to sag and pull up adjacent spans) does not lift the 
empty cable off of its saddles. This also occurs in a reversible tramway with anchored 
cal^ (Art 20, 2i), where there is a single heavy carrier. In such tramways the tiaok 
of the cable will move from span to span with the carrier, and adjaccoit spans will be taut. 
Bib 10a gives examples of anchored spans and calculations of effect of stretch of cable. 

A condition identical with an anchored span is obtained by placing blocking under the tension 
wt, after the oablea have been loaded. This holds cable in same position as if anchored, and pre- 
vmita it from lifting when unloaded. 'Ibe wt affords a safeguard, however, in that it can lift if the 
span is overloaded. This relief is absent from an anchored span; when lotul is increased the cable 
stretriies somewhat, which increases the sag and counteracts some of the increased Btreeses ^ 
moderate overloading. Anchored spans and blocked weights require oarefid design. The operat¬ 
ing eonditioiM are easily misunderstood, and tightening ol the eaUe, as it stretches and beoomes 
sleek, is negleoted; hencs, such spans should be used oautiously, and only under skilled tupervuioB. 


7. TRACK CABLES 

Trsek oaUee for all types of aerial tramways are usually amooth-ooil or loeked-ooil 
ealdea. They are made of large wires (Fig 16) in order to have long life uAder the surface 
wear of tiie OKrier wheels. Ordinary haulage ropea, with 6 strands ei 7 warn saoh, nmy 
he used on l^ht tramways, where low first cost is desired; but usosljy tits wires weet 
so quickly that they are uneconomical. See See 12. 



TRACK CABLES 
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(a) Loolnd-floll in (Umb 


Leck«d«€all oitilM have • smooth axtwior, the tihape of outer i^ree Toeomhlint ea 
•Dguler oblique figure 8, eo tliet tJiey interlock. Thie locking holde one broken wire, 
but if several breidc near each other the outer layer will unravtd. like center of a locked^ 
ooll caUe is a 7-wire strand, and is surrounded by key and locked wires. In small w— 
the key wires are omitted 15 5): larger cables (Fig 15 a), have one layer of key wirea; 

vny large ones, over 2 in diam (used on cableways), have 2 layers of key wiree. For 
ordinary bramways, the cables are of C S wire, 
but for heavy capac lines the wire is of a 
special grade. For example, if conditions re¬ 
quire a 2-in C 8 caUe (Table 1), a stronger 
oaUe can be had in the 1.75-in siae of special 
steel, making a saving of 23% in wt. A 2-in 
cable is considered as large as can be eco¬ 
nomically used, because couplings would be eo 
large in diam as to require very wide carriage 
wheels to travel over them, which would in¬ 
crease the siae of other equipment. 

Smooth-coil cables, entirely of rcnmd wires, 
are not so smooth as locked-coii cables, but 
become fairly smooth by wear. As the wires 
do not interlock, a broken wire is apt to work 
out and repairs must be made promptly by 
applying a sleeve-like damp, permitting car¬ 
riage wheels to pass. They are easier and 
cheaper to make than the L-C. As they are 
of high tensile strength wire, their wt (Table 1) 
and cost are reduced; but they must be re¬ 
placed oftener than L-C cables. One center 
wire is surrounded by 2 to 5 layers of wire, 

>11 of same siae laid in opposite directions. The number of wires may thus be from 10 
to 91; their diam, 0.15-0.22. 



(6) Locked-ooil Cable, 7/g and 1 la dlant 



(e) Smootb-eoil Cable 
Fig 1.1. Track Cablw 


Couplings. Length of a piece of cable Is limited by length of wire that can be manufactured. 
Seetions required for long tramways are joined by noupliugs to form a continuous cable from anchor¬ 
age to tension station. Fach coupling (Fig Id) is in halves, one of which is wedged to end of each 
seotion, the halves then being connected by a plug having right- and left-hand threads. Couplingi 
are as small in diam as consistent with strength, and the carrier wheels are wide enough to pass 
over them. At the ends, the cables are attached to sockets similar to that used for eoupiings, and 
designed so they can turn when cable is rotated. Couplings should not come within 1ft ft of a tower, 
or within 10 ft of each other, so that the cable will be free to sag as a earner psssee over a coujding, 
and not receive sharp bends. 

AHaciiin g coupUngs and sockets. Cable is seised with wire for several inchea from^end to pre¬ 
vent distortion; then sawed off square; a clamp is put on beyond where fitting will come, the seising 
is rsmoved and wires are cleaned with gasolene. CaUe is inserted in small end of the taper hole 
in fitting, the rows of wirea are separated by annular wedges driven between them, apaeea between 
wires are filled with slender steel wedges and any small spaesa remaining are filled with slim shoe pegs. 

This wedging gripe each wire and makes a 
solid steel knob on end of cable which pre- 
vents it from pulling through the taper. 
Wedges and thimbles may be driven with a 
hammer and punches, but a screw press is 
quicker and better. With a press, the fitting 
is placed on cable as above, thimbles and 
wedges are inserted and driven part way 
down; then the fitting is placed in the press, the entire set of wedges forced home, and the bidged 
end of cable pushed firmly into the taper fitting. 



Fig 16. Coupling for Track Cables 


Rotation of track cable. Every week or eo the cable should be turned through l/g 
of s revolution. This distributes wear over its entire surface, prevents flattening of 
oaUe and diQ>laoement of wires. The turning should ^ in such direction as to tighten 
the outer'wires of cable; thus, if wires have a Icdt-hand lay (Fig 15), tiie cable lAould 
be rotated to the right, or olockwiee. 

Maxtanum wear on a track cable occurs in a length extending about 5 ft on each side 
of a Bununit saddle. Direotly over the saddle the rolling preseure ie greatest, dus to pull <A 
traction rope eomlaned with wt of oanier; just off the saddle the cable gate a reveraed bend 
between carrier whatis and aeddle, eqpecially on tiie aide where loaded carriere approach 
the tonpr.. The dowanrard pull of traction rope can be reduced by proper location of 
topere and traction-rope roUaia (Art 10), and beading minimised hy etretohing cable M 
taut aa its strength will permit. 
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CftUn ar* oUatf about onoa a month with a heavy oil, to prevent niatii^ to ptovide interaal 
lubricaUoa, and radttoe Mction of eanien. QUing may ba done by men, tiding dowly over-the line 
in a carrier and eluahing oil on cable with a handful of waste; or with a mMhanioal oiler, haoled over 
the line like a carrier. Saddle groovee ebould be greased to faoihtate rotation of the eal^, and to 
permit them to elide ao ae to maintain their tension. 

To repair a cable the tension is taken off the end. tackle attached to each side (d break, the blocka 
are drawn together, and break is ent out. If break is short, half a coupling is wedged to each end, 
ud they are united with the right- and left-thread plug; if worn part is long, a new piece of cable is 
inserted. Inserted pieoe should never be leas than 10 ft long, or wires will br^ at endb of couplings, 
due to stiffening of cable by the couplings. 


8. ROLLING STOCK 

Each pieoe of rolling stock (carrier) consists of: carriage, container, hanger, and clamp 
or grip for attaching to traction rope. 

Carriage runs on track cable; its wheels, 8-12 in diam, are mounted in a frame with 
a connection for tine hanger supporting'the container. For heavy loads, carriages have 
4 wheels: they are practically 2 ordinary carriages, connected by a swivelled equalising 
frame, from which the load is suspended. This distributes the load and reduces wear 
of the cable due to bending. 

Container for bulk material is a bucket; for other materials it may be a tank, platform, or cage. 
For timber, the hangers terminate in hooks, to which timbers are attached by slings; these are used 
in pairs, ono st ssoh and of load. Sometimes workmen are transported by a tramway during certain 
hows of the day. Long buckota, each holding 2 men, are best. One man sits in each end witii his 
legs bstween those of the other man. 

Hanger is of bar steel, with C-I or steel parts to facilitate connection with carriage and con* 
ttiner, and hold damp for traction rope. Its form is largely governed by the parte to which it 
connects. 

Clamp for traction rope may be a gbip, which can be applied to or released from the rope at 
terminals, thus allowing carrier to bo shunted to loading or discharge point; or it may be a cup, 
permanently attached to both oarrier and traction rope. 

Grips differ in design and often in principle on each make of tramway, and are shown in maker’s 
catalogs. Devices used to obtain gripiang pressure on traction rope are; (1) Levere and toggles. 
The latter, by paaeing a center cloeee and locks the grip, as in the Webber grip (Maker 1, Art 29) 
extensively used in the paat; obsolete for new work. Its motion was prescribed and it would not 
grip the rope where its else varied beyond the rope’s compressibility. (2) Springs. By cushioning 
one jaw, grip can take ropes of varying aise; levers are used to compress the spring and produce ini¬ 
tial press; holding power depends on strength of spring and its leimrage on grip jaw. formerly 
in modified Webber grip, and now in Wico grip (Maker 1, Art 29). (3) Screws. Grip jaws are 

brought together by a screw as in a machinist’s vise; the gripping force is large and jaws will seise 
ropee of considerable difference in diam and are locked wherever the screw stops turning. This 
type was originated by Otto in Germany, and in slightly different detail is now made by Makers 
No 8, 3, 9 (Art 29). (4) Wedges. A slim sliding wedge is used to force jaws together on the rope; 
the taper being lem than coef of friotion there is no tendency for gyip to release. They will hold on 
ropes whose diam varies due to stretch or wear. Made by 2 end 9 (Art 29). (6) Gravity. Wt of 
container, acting through levers, gives the bolding force on traction ropee. The otosing motion 
stops when jaws have seised the rope; this permits gripping of ropes of varying sises. The grip is 
usually attached to banger below the carriage (under-bung grip); for special purposes it may be 
built into the rairriage (over-head grip). Made by 6, 6, 7 (Art 29). 

Most grips can be attached lu' hand, but are usually dosed by an attacher; they are always 
rdoased automatioslly when oarrier enters terminal. A grip depending on the weight of contmner 
for Ita holding force requires a special system ol rule fev lifting the container, in order to open grip 
preparatory to inserting traction rope on outgoing side, and a similar device on incoming side to 
cqien grip and release traction rope. 

Some gripe occupy meet of the space, not needed for clearance, between carriage and carrier, sd 
that the rollers supporting traotion rope at towers must be placed below the carriers. This con¬ 
struction is good on most lines. As the carrier is free to swing sidewise through considerable ranim, 
guards ate often used to fend the rope onto the rollere. Other grips allow supporting sheaves to 
be placed doae under their jaws, so that the tractjpn rope ia lifted but little as carrier passes the 
sheave. Thie requiree earrieie to be guided, to prevent colliding with the sheave, and to make the 
rope drop back on sheave after grip has passed. Guides are objectionable when applied to every 
tower, but to have the eheave cloee under the grip is advantageous in p^ng oyw crests, as it 
reduces the downward press. Guides can be easily consteucted on summit structures. (Bee dis- 
euasion regarding Fig 18, Art 10.) 

cup k a U-ahaped band of atoel, bent around traction rope and permanently elamped to it by 
bolte. Aa cUp oan not be r^eaaed from rope while tramway ia in operation, term inal s must be so 
•iranged that ourriera can pass around end sheaves; the buckets are load«.d while in motion by an 
automatic loader, and dumped while in motion by a tripper. Tramways with dips are dbedete. 
Disadvantggea: wear on traotion rope due to gripping ia eonoeutraied at edtpe; the non-vtop feature 
laakee tenidnals inflexible; spaed of the Use le limited by eentrifugd foree developed by earriera 
peaaiag around abeaves. 
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lHat«sstoi» of 3 siiM of ore carrier accompany liic. 17. In a preliiaiiiary deeign tlieae 
may be used for sevend slice of backets emaller and larger than those noted. Tlie di»- 
tanoe A differs considerably; its minimum is about 3.5 ft, when the traction rope is carried 
on rollers bdbw cmriers. A must be increased to dear sheaves supporting traction 
rope if close under the grips, to admit spedal latches and tripping mechanism, for clear¬ 
ance in terminals, and for loading. DUtance 
from track cable to grip is kept constant on 
each system, at about 2 ft, so grip will pass 
under the cable saddle and end of its sufpw.^- 
ing beam. 


Dimensions 



Capacity of bucket, cu ft 

5 

10 

20 

A 

B 

C 

D 

E 

Weight, lb 

3'-6"wit 
below < 
traotioo 
grips 
r- 3" 
y- T> 

r-i 1" 
1'- 5" 
300 

h traction r 
aniere; 5' 

rope shea 

I'-IO" 
2'-II" 
2'- 3" 
r- 9" 
420 

j 4| 

ill 

Above are approximately applicable to 
buckets of 4 to 6, 7 to 15, 16 to 25 cu ft, 
reepeetively. 



Pig 17. Ore Carrier 


9. TRACTION ROPE 

This is usually Lang lay, of as large wires as consistent with flexibility and to offer max 
wearing surface. For rises of 0.75 in diam and less, there are 6 strands of 7 wires each, 
all of same diaip, laid about a hemp center. For larger diam, the strands have 19 wires; 
1 center and 9 outer wires of about 25% of diam of strand, and an intermediate layer of 
9 wires half the diaxh of outer ones; this combines flexibility with gobd wearing surface. 
For moderate tenrions the wire is of cast steel, to make a rope of such diam that the 
gripping surface is ample. For higher tenrions (ropes over 0.75 in diam), plow-eteel is 
ua^, to keep down rise and wt and give the flexibility due to smaller wires. Factor 
of safety, 5. See also Sec 12. 

Lubrication. Traction rope should be oiled frequently, to lubiicate the interior. Lubricant 
must be carefully chosen, so as not to reduce holding force of grips. A thin oil may be used in 
abundance, to penetrate the interior, the surplus bring wiped off to leave surface dry. It can be 
applied mechanically by an oiler on the outgoing empty side of a terminal. Some operators prefer 
a thick sticky lubricant, which works well into the interior. Admixture of linseed or ether drying 
mIs in the lubrioant is advantageous, in causing extwior surface to harden, and enabling grips to 
take a firm hold. 


10. TOWERS 

Stresses in towers have 3 sources: 1. Downward press on saddles, due to vert com¬ 
ponent of tenrion in track cables, wt of loaded carriers, and vert component of tension in 
traction rope. 2. Racking motion parallel to line of tramway, due to changes in direction 
of press from the cable when a load approaches and leaves the tower. 3. Side prsM, doe 
to wind. 



1. Pewawsrd prMS on saddles is (tften so great that their supporting bearis must be of orik or 
steel to resist bending etrSesss ar>d crushing ^^e saddles; steelis prefermUe. At towers along the 

has, downward press from traotion rope can bo determined onhr when exact eonditiona are known, as 

the next point of support for truetiou rope is genstsUy tbs next eertier on ssehrids, sml tbspsritions 
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of thMS dcpnd oa their spMiac end the aec of the tnek oeble under then. Vor node of detw^ 
mining vert etreesee, aee Art 6 a. Fig Idehoew the vvt etreeaee in percentogee ai the teoelon for n 
lintf e tower. The full linee abow the vert atreeaee when traction rope ia eupported on roUera Mow 
the earriere, and dotted linea ahow etreaaee when traction rope ia eupported on roUen 8 in below ite 



Ilg 18. Tramway Tower: Pyramid 
Type in Steel 


poeition when in the grip. In iwactioe a vert re- 
enltant ot 29.S% (Fig 18) would be prtdtdtitive, 
unlees traction rope tenaion ia v«y email. 

2. Racking. The proUem of aapporting the 
eaddle beams and providing rigidity against racking 
is made ^fficult by necessity ^ m^ntaining a clear 
passage for the carriers. 

a. Wind. Town baae is spread paratl^ to center 
line of tramway, so resultant of press of cables on 
saddle falls wall within base, even when cables are 
moderately inclined; hence will usually resist over¬ 
turning by wind parallel to line. High towers may 
be narrower in other directiona and should be in¬ 
vestigated for resistance to wind at right angles to 
line; they may need to be guyed. 

Material. Srasn with concrete or masonry 
foundations is best for permanent plants and where 
wood is costly. RiUet usee steel fabricated near 
tramway site and pre-cast concrete blocks for 
foundations (11). Wood is usually framed at the 
point nearest tramway site to which timber can be 
delivered; main paste are 6 by 6 to 8 by 8 in; rarely 
10 by 10; saddle beams are usually 8 or lO-ln steel 
channels In remote districts, towers have been of 
round timber with hewed bearing surfaces, but 
timber can usually be whipeawed or ripped in a 
portable saw mill; squared timber reduces cost of 
framing, distributing and erecting. Foundidions 
ahould be concrete or masonry, but are often of 
such material as is procurable: logs, cribs with or 
without rock filling, or piers of stone laid up dry; 
such foundations wiU not resist up-lifting stresses 
and many towers mqpt be guyed. Cowcurm and 


HASONBY towers are sometimes used, especially when 
tramway serves a cement plant; they are bulky, and attractive desigiu have not been work^ out. 


Pyramid tower (Fig 19) is economical of materials. Wben of steel, a rigid head can 
be derigned with shapes and plates securely fastened to the anido posts. When made 
of wood, the small area at top of posts makes it almost impossible to attach saddle beams 
so that tiiey will not rack and work loose. In this tyrpe, whatever material is used, 
elearanoea between a large carrier and the side of a wooden tower are too amali; the base 



also is small and provirion must be made for wind stresses, and on steep lines for oases 
whve resultant of caUe stresses falls outside the base. 

Throvgh tower (Fig 20) is riipd and efficient, but ooutains about 100 bd It timber 
per ft of beiiid>tup to 60 ft, which is nesriy double the amount for pyramid towns. Some- 
thnss. on lifffit lines, the mitaide osnter posts ere omitted below nffier dedc, eQieeially on 
hl^ towers. 
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Composite tawet (Fig 21) has a top identical for ail towers, the base being varied to' 
desired height. Base stands with its diagonal on center line, hence its long dimension 
is in line with main stresses. Its top is rigid against racking. IVaming is simpler than 
it seems in a drawing. These towers contain 
less timber than those of through type. 

Side*hill tower (Fig 22) is of through type 
and designed for steep lines to ensure that 
lino of presi shall fall within base, and slope 
of inclined side is made to suit direction of 
press. 

The principle of the through tower can be 
used for steel towers with good results. 

11. ANCHORAGE AND TENSION 
OF TRACK CABLES 

Track cables must be taut enough to sup¬ 
port the load and minimize bending under 
the carriage wheels, both on spans and when 
‘ carriers approach tower saddles. Fig 22. Tramway Tower: Side-hill Type 

Tension weights to keep cables taut are wooden boxes filled with stone or scrap iron, or are 
moulded coticietc blocks. It would be desirable to weigh the tension wt, but, this beitig usually 
impracticable, the wt of the box is computed pnd added to that of its contents, taken as 100 lb per 
cu ft for broken stone or 350 lb for packed scrap iron; concrete blocks arc taken to weigh 140 lb 
per cu ft. Form and dimensions of weight arc influenced by the allotted spare. A tension wt can 
keep taut 3 000 to 5 000 ft of cable depending on profile of line and the rare witli which saddle 
grooves arc kept clean and well greased. The weight usually equals the working tension of the cable, 
unless the slope is so great that the added wt of cable would overstrain the upper end; then the 
tension wt should be reduced. 

Anchorage at opposite end of cable from tension point must be designed to cover fact 
that slope of line may ineroase tension due to the wt alone. Sometimes the cables ter¬ 
minate in station framework. For steel construction this is simplest; for timber it is 
often difficult to design the structure to take these stresses, and it is usimlly economical 
to deflect cables to the center, carry them through station and attach tliem directly to a 
masonry anchorage. See terminal stations (Fig 33, 34), also Fig 23. 

The anchorage block must be a monolith, equal in wt to the vert component of the tension, 
allowing 140 lb ns wt per cu ft of masonry or concrete, and the front must have suflTicient area to 
give a bearing resistance against the earth equal to horiz component of tension, lloria resistance 
of aver earth may be taken as 1 000 lb per sq ft for a deep block, but on a down-hill slope the anchor¬ 
age must be carried into the hill by a tunnel. For an anchorage in rock, a T-shaped trench is exca¬ 
vated and the anchorage bars set in it, the space around them being filled with concrete. Metal 
parts of the anchorage must be designed for required tension, and also to allow the cable to be 
turned (Art 7) while under tension. Anchorage bars must be enclosed in masonry to a point above 
water level, and extend above dampness before coupling to cables, to avoid injury to the wires 
from rust. 

* 

12. INTERMEDUTE STATIONS 

Those are needed to apply working tension to track cables which are too long for 
terminal apparatus to be effective througliout (see end of Art 6). There arc 3 types: 
Double-anchorage; double-tension;' anchorage and tension. In all, the track cables are 
deflected to center of structure, out of the way of carriers, and pass downward to anchorage 
or to tension weights. Space between sections of track cable is bridged by rails, to allow 
carriers to pass through without being detached from traction rope. 

When both pairs of cables are in place and under full tension, the pull of those on one nde of 
etation will oounteract the pull on other side, but the structures must be so designed as to be secure 
if cables on either aide are released while the others remain under tension, a condition which may 
occur during erection, while making repairs, or in cose of accident. These stations are similar on all 
tramways, but .must be designed to suit conditions on each profile. They may be of wood or ateel; 
if ateel, the bents can be simpliiiod and all posts placed between the caUes, somewhat Uln the steel 
tower, Fig 19, or wooden summit station, Fig 26. Cable sockets are designed to allow cables to be 
tamed (Art 7) 

Dotit>l«-anchoraga atations can be as low aa profile eonditiona will pennit, provided 
there ia ample dlearance for carriera above the ground. Where there ig no anew, they 
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need not be over 10 ft high. Fig 23 shows essential features, with cables anchored to the 
structure. It is preferable, however, to continue the cables to masonry anohor Mo^s 
set in the ground, as shown in terminal. Fig 33. 



Doable-tension stations must be built high enough to allow tension weights a vertical 
motion of 6 to 8 ft, and still have their tops below path of carriers. Even with squat 
weights, this makes stations 20 to 30 ft high to the rail (Fig 24). 



Tensioa weights are attached to chains or wire rope, passing over sheaves on short aziee, resting 
in bearings. Horis pull is transferred to main beams by gains in the timbers, into which the bearings 
fit. Main beams support the vertical load and transfer horis stresses to inclined braces, which in 
turn transfer them to foundations. Inclined braces may develop an upward thrust when design is 
sueh that tto full tension box does not come on end of inclined brace, or when all cables are not 
under tension. These upward forces are resisted by giving the foundations a msss equal to the 
uplift, and bolting the posts to them. Tension stations may be no higher than anchorage stations 
when take-up tackle replaces floating weights (see end of Art 6a}. 

Aacborage-and-tension Btationa provide for auchoriog tiie cables of one aectiou and 
atiplying tenaion to those of the o^er. They are practically half of a double-tenaion 
station, combined with half of a double-anchorage station of same height. 
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18. ANGLE AND SUMMIT STATIONS 

Angle stetione are required for horis deSectiona. Main cables are terminated, traetion 
tope passes through and is deflected by sheaves; carriers are detached from incoming 
traction rope, run over a rail bridging gap between cables, and reattached to outgmng 
traction rope. Fig 25 ‘shows a simple station, with both pairs of cables anchored; in it, 
the carriers detach automatically, but 2 men are required to reattach them to traction 



Fig 2.'>. Angle Station 


rope. Occasionally, angle stations are designed so that carriers detach and reattach auto¬ 
matically, or are arranged so that they make the turn without being released. Either 
arrangement complicates details and adds to first cost of the tramway, but reduces operat¬ 
ing expenses by saving attendants at angle station. See end of Art 16 for similar problems. 
An angle station may be introduced at a junction, between two divisions of a tramway, 
without increasing first cost or operating expense (Art 17). 



Fig 20. Summit Station, Traction Rope under Carrier 


Summit trestles are introduced at crests in a line to save erection of a group of towers 
(see end of Art 6), and carry a series of saddles with a slight bend of rope on each 
(Rg 26); they have limited application; a rail station (see below) being preferable. 

. Raflitatioiis are similar in purpose to summit treaties with saddles. The main cables ars 
earned through the station, but rails are mounted above them, on which the carrwrs run, 
and so fslieve cable wea):^. Each end of the rail has a point, to lead the carriage from eabb 
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to rail and let it down from rail to cable (Art IG, par 3). Hail'stationa are used where 
rolling press is heavy, due to heavy loads, limited space for structure, heavy tension in 
traction rope, or where conditions prevent a reduction of vert component. * 

Traction rope, in both forms of summit station, is supported at a uniform distance 
below the track. The larger the radius of track cable, or raU, the less will be the deflection 
of traction rope at the grip, and consequently both press and wear of carrier wheels on the 
track are reduced. Fig 26 riiows a trestle with saddles set on an arc of 150-ft radius, 
with rollers below the carriers. Downward stresses due to traction rope could be reduced 
for this trestle by increasing the radius of the curve through the saddles; or, if the derign 
of grips and carriers permit, by supporting the rope on rollers close under the grips 
(Art to). Vert stresses are found by similar methods to those in Fig 14 a, b, 18. 


14. POWER REQUIRED OR DEVELOPED BY TRAMWAY 


Tensions. Given: wt of individual load 1; wt of empty carrier = c; spacing of 
carriers = d; wt per ft of traction rope == r. Then the weights per ft of uniformly dis¬ 
tributed load corresponding to wt of carriers plus wt per ft of traction rope, are: 

For loaded side, wj = - ^ + r (34); for empty side, = -^ -J- r (35) 

d d 


If w be the total uniformly distributed wt per ft for any case, then tension in traction 
rope at upper end of line (Eq 29) is t = wV ^ w/'H. If load is descending, the sign of 
last tenn is minus; if ascending, plus. Total tension equals the tension thus found plus 
that put into the rope by tension wt applied to a sliding sheave. The tension added to 
each rope by tension wt =» Iw 

Power. Let gross tension on taut side = T; and gross tension on slack side S. 
Then (T — 5) is the force to be applied to move the traction rope, or to be opposed to 
traction rope, to restrain it. This force multiplied by veloc of rope in ft per min (») 
gives the work done on or by the traction rope per min; hence, power required or developed 
(omitting friction of terminal machinery) is 


Hp 


(.T - S)v 
33 000 


(36) 


Friction losses. Power thus computed will be increased when power is required, or 
decreased when power is developed, by friction of driving machinery at terminals. If 
friction coeff of this machinery be 0.33 ^ iz% of its wt, the power to overcome friction will be 

0.001/a Wv 

Friction h p = - 0.000 000 IWv (37) 

oo UUU 

in which W wt of moving terminal machinery in lb, and v — veloc of rope in ft per min. 

Combining Eq 36 and 37, gives total power of tramway as 

«»-«« 

Inertia. At instant of starting, inertia of the line is to be overcome, and moving 
resistance is higher than when running. To insure sufiicient starting power, the following 
onpirical rule may be used: in determining the power developed by a gravity line in start¬ 
ing, divide wt of individual load f by 2; or for the power required to start a power-driven 
line, multiply I by 2, before substituting in Eq 34. 

Return freight may be carried on a tramway. This at times increases tension on 
slack aide, a condition which must be recognized in power calculations. On a gravity 
line considerable up freight can be carried when line is running at full capac of descending 
loads, but when there is little descending material, driving machinery must be supplied, 
for use at such times. 

To solve Eq 36 and 38, T and S must be known. But when a drive is first investigated, 
these factors are imknown, since each is composed of the stresses due to loads, plus half 
the tension wt, the amount of which has not yet been determined; but, as half the tension 
wt is applied to each side, the value of (T — <S) will be equal to the differrace of the stresses 
on the two sides due to toe loads, as determined by Eq 29, without considering tension wt. 

Teaaion wright. A toeave which will furnish friction necessary to drive or restrain 
toe traction rope is found by Eq 31, by substituting the value of (T - S) as above and 
toe value of / and n suitable for toe friction surface, and number of half laps under pdn- 
and tom solving for E, the tehsion on slack nde. If be less than toe tension 
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for this aide as found by Eq 29, no tonaion wt need be applied by aliding sheave to provide 
tbe neceaaary friction. If S be gmter than the tension on empty 
aide, the deficiency must be supplied by a tenmon wt equal to twice T S 
this difference, applied to a riiding sheave. Trial calculations may >1 

indicate several possible typee of drive with thOir respective tension 
weights, and the merits of each can be considered. If iS be leas than T 

the tension produced by loads on slack side, a sliding sheave is 11 I 

needed simply to take up slack in traction rope, and the wt applied A 

need be sufficient only to keep the rope taut near sheave. If the T 

resulting tension, after tension wt is added, is greater than neces- I 

sary, it shows that the power sheave is capable of doing more tiian F x 

is required. Having found the wt to be applied to sliding sheave, I M 

T is found by adding ta to tension on taut side, due to the loads as A I 

found by Eq 29. This is the stress that finally determines size of JL 

traction rope required. y 

i_ 

Application of these principles to the typical tramway. Fig 11, 
illustrates method of computation. Fixed data for thb line are; wt of 
load 1 — 800 lb; wt of carrier »• e »■ 420 lb; spacing of carriers — d =■ 

384 ft; wt of traction rope si r » 0.89 Ib per ft; horiz length of tram* 

way « 6 900 ft; difference in elev of ends of tramway «• 1 866 — 350 — pj_ 27, Power Ma- 
1 516 ft. As carriage wheels have plain bearings,/' — 0.02. chinery at Upper End 

Let Fig 27 represent ooNTROLtJNu uackinbby at upper end, the most 
probable arrangement for this tramway. Calculation of forces devetofied by descending loads 
and required for ascending loads, to accompany the figure, is as follows; 


IjOADED Carbibbs Debcendinq (By Eq 29, t ■ wV ± vfH) 
Loaded side; descending. I Empty side; ascending. 

/+« , 1220 , „ _ , _ e , 420 , „ 


. i±f - ^5+0.89 - 4.07 

d 384 


■u’e“-,+r= 

d 


-+0.89-1.98 


<1-4.07X1 516-4.07X6 900X0.02 f,-1.98X1 516 + 1.98 X6 000 X0.02 

-6 170 - 562 - 6 608 I =3 002 + 273 - 3 275 

(P — 5) — q — te — 6 608 — 3 275 — 2 333 lb — force developed. 
Loaded Carriers Ascekdino (By Eq 29 ,1 — wV ± teflf) 


Empty side; descending. 


11.98X1 516-1.98 X 6 900 X 0.02 
■ 3 002 - 273 - 2 729 


Loaded side; ascending. 

i + e , M nir 

tc = icj — —--h r ■■ 4.07 

d 

tj-4.07X1 516 +4.07 X 6 900 X0.02 
- 6 170 + 662 - 6 732 


(T — 5) ” q — <e = 6 732 — 2 729 - 4 003 lb - force required. 


In above ease, for descending loads, (T — S) — 2 3331b. For a gravity line, controlled by 
hand brakes, a pair of plain sheaves might be used (stresses being too great 

i y '—V for wood filling). This assumption gives / - 0.085 and n — 2; hence 

• \ from Table 3, ^ 1.706, which substituted in £q 31 gives (7* — S) — 

S(e/v»_ 1 ), or 2 333 = 5(1.706 - 1); henceS - 2333 -t- 0.706 - 3 300 lb. 
B This practically equals value of q; hence Im might be zero if there is to be no 

T margin of power. For a power margin of 25%, new value of 5 is 4 125; 

I substituting this in the expression 5 — (« + (w gives (u — 4 125 — 3 275 — 

± 850 lb; hence tension wt should be 1 700 lb, which is reasonable. 

V To haul the same loads up the line, a grip sheave with steel iawe 

I (Fig 29) would be necessary to develop required pull. Let the jaws have 

I a ratio of 1:3; then / — 3 X 0.085, n — 1 and — 2.228 (Art 3). 

■ Substituting these values in Eq 31 gives (T — S) — S(e'*'’*— 1), or 4 003 — 

5(2.228 — 1) and 5 - 4 003 1.228 - 3 250 lb, which is greater than q. 

r O Hence, with no margin of power,1 a tension wt of 2(8 260 — 2 729) — 

\ 1 042 lb is essential for power purposes. It is well, however, to add 26% 

r and make up the increased tension on slack side by adding to the tension wt.. 

Another combination occurs with comtrolumo macrinert at Mwarn 
end of tramway (Fig 28). Then the tension in slack aide due to loading 
will be sero, and the only tension on slack side of driving sheave will be 
TV that given by tension wt attached to aliding sheave; that is, 5 - <«• Ten- 

sion on taut side will bo T - (wi - WslV ± (t»j + + tu,; the plus 

^ 28. Power ygn being for aacending loads, the minus for descending. From these 

ohineiyatLowwEnd equations the force to control movement of loads (F — 5) can be deter¬ 
mined. For ascending loads, power is always reqoir^ but for deeeending 
loads there ere two eomUnatione: (1) on a steep slope, first term may be the larger and the valve 
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xA {T — 8) positive, indioeting thet force is developed; (2) on a gentle elope, eeoond term may be 
t^ larger and (T — negative, indicating that force is required to pull the loads down. With 
large powers, either required or developed, it is not practicable to place power machinery at lower 
end, because all tenmon on slack side must be obtained artificially, and by so doing tension on loaded 
aide is increased prohibitivdy. Value of i.T — 8) la subatituted in Eq 31, together with trial 
values of / and n, and the value of 5 is determined. Since S ^ for this arrangement of driving 
machinery, the required tenrion wt in known at once. 


16. POWER MACHINERY 



Rope drives on plain sheaves may have one or several half laps on the sheaves. A 
C-I sheave with a single groove, giving a half lap on the sheave, makes a satisfactory 
drive, but the puU exerted is small. Two or more grooves in a C-I sheave, where the 
grooves are positively connected, is objectionable, because the rope in first groove has 
more tension; hence this groove wears faster and becomes of smaller diam than the others, 
producing a differential stress of large but unknown amount. Multiple-groove drives 
are satisfactory if the grooves can slip or creep to compensate for this differential stress. 
Elliptical-grooved sheaves with several laps about them, as used on capstans, are not 

applicable to tramways, as the rotation 
of the rope down the dope in one di¬ 
rection will twist it and give trouble by 
tilting empty carriers. 

Wood-filled sheaves can be used 
for transmission of considerable power, 
where {T — S) is large, but actual 
tensions are small. If tensions ore 
heavy, the wood will be out out. Rub¬ 
ber AND LEATHEB-FlIiUED SHEAVES give 
max friction for rope drives, but are 
easily cut and not applicable to tram¬ 
ways. 

Grip sheaves give a strong hold on 
rope for a single half lap on sheave, 
and do not produce differential stresses 
in rope. The Hallidie pattern (Fig 29) 
is wedl adapted to transmit considerable 
power, and does not injure traction 
rope. The jaws multiply the rope press by 3 or 4, increasing the friction. This increases 
/in £q 30, 31 by same amount, whence the power transmitted by a single grip sheave is 
equivalent to that of a 3 or 4-grooved iron sheave. The grip sheave costs about the 
same as the multi-grooved sheave and its idler. 

Band brakes may be used with machinery running constantly in one direction. The 
force absorbed by the brake is (T — iS) and ratio of T to S is given by Eq 30. Brake 
should be so arranged that the greater tension T will come at fixed end; then jS is the pull 
exerted on other end in applying the brake. If the conditions are reversed, the max 
■tress comes on movable end and the brake tends to release itself. The bands are about 
Vs in thick, lined with blocks of maple to increase friction. Frequently operated brakes 
must not absorb too much power per unit of area, or they get excessively hot and destroy 
the blocks. A good rule is to allow 72 sq in of brake surface for ee.ch hp absorbed. 

Automatic speed regulators for gravity lines save brakeman's wages and the tram¬ 
way runs smoothly; on power-driven lines they assure constant speed. The best controller 
is an elec motor, belted or geared to the tramway drive sheave. It furnishes operating 
power when conditions prevent the tramway from running by gravity, and turns current 
back into the power line when being driven by the tramway. It will run about fi% 
under speed when acting as a motor, and 5% over speed when generating current. Current 
may be either d c or a c. If a c, the motor may be of constant-speed tsrpe to say 30 h p; 
above that, the variable-speed type avoids excessive line loads or starting shocks. Motor 
should have an electric brake capable of stopping the line if current fails; without a 
brake, the line would run away when the motor ceases to offer reristance. Hand brakes 
an also required, to shut down and hold the line, or for use when the motor is not acting. 
The startixig device should admit current to the elec brake and release the brake when it 
connects the motor to power line. A d-c motor can be made to generate cumnt under 
any line condition, but an induction motor acts as a generator only when connected to a 
line supplied with current by a separate a-o genorator. Current turned back into the line 
oaa be utilised elsewhere. 
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Othvr automatic ragnlaton having limited application: (a) hydraulio controllora, offartns 
nsiatance by pumping water or oil against a pressure, which is automatic^ly changed in proportion 
to the power absorbed; (b) fans running at high speed in the air. with blades arranged to swing out, 
like governor brdls, thus acting with longw radius and more resistance as speed increases. They 
can be adjusted to keep tramway speed constant; (e) water may be pumped or air eompreased to 
absorb surplus power; the water or air can be Utilised or run to waste; (d) where mill or other 
madiinery is adjacent, a tramway can be connected to the lineshaft; the governmr for the mill machin¬ 
ery then controls tramway speed and power generated by the tramway aids in driving the milL 

Brakes may be operated by levers, handwheels and screws, or combination of the two. Leven 
are quicker to operate, but not so powerful as handwheel and screw. The operating stand may be 
on the terminal floor or on an elevated platform. When brakes are operated by leven, the iakter 
can be extended by rods to any point. 

Power-driven tramway. When using lees than 20 h p, connection to the vert shaf t is 
conveniently made by bevel gears placed either at top or bottom end of shaft. With a 
gear ratio of 1:5, the horis shaft runs at convenient speed for belting to motor or enginw. 
When power exceeds 20 h p, torsion in vert shaft is considerable. This is avoided by 
bolting brake wheel to one side of main sheave and a spur gear to the other side and 
driving latter by a pinion mounted on a parallel vert shaft, the latter lieing driven through 
bevel gears from a horiz shaft. On heavy drives the sheave will usually be a grip sheave. 
Bevel gearing may be avoided by deflecting traction rope over a pair of vert sheaves, and 
causing it to pass under main driving sheave mounted on a horiz siiaft. Sheave is bolted 
to a spur gear, driven by a pinion on a parallel shaft to which motor or regulator is geared. 
As the ropes tend to lift main sheave, the downward press of the shaft in its bearings is 
reduced. When the traction rope tension ia sufficient to lift the driving sheave, wi^ any 
gear or brake wheel attached to it, the bearings should be inverted, with lubricating gremse 
well below the shaft, like a R R car wheel, the bearings being placed on under side of sup¬ 
porting beam. The connection between motor and tramway sheave may include a belt 
drive (not as reliable as gearing). Silent-chain drives and speed reducing gears have also 
been used. A machine-moulded spur gear attached to main sheave, followed by cut gears 
with rawhide pinion on motor, give a good drive at reduced cost. 

Gravity lines. Where power is absorbed by automatic r^ulator, or utilized for any 
purpose, connection to main sheave is made by gearing, as atxive, for power driving. 

Tension sheave at lower end may slide in a horiz or slightly inclined plane (Fig 32), 
or the rope may be deflected so as to make it travel vertically (Fig 40), or in any other 
direction. 
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Pnrposes. Every terminal station must be designed for 3 distinct functions: 1. To 
secure track oables. 2. To operate traction rope. 3. To transfer oaniers from cables 
to rail, lead them to loading or discharging point, and return them to the cable. 

1. Cables are secured in same manner as 
at anchorage and tension stations (Art 12), 
with changes in details to suit conditions. 

2. Traction rope is operated by power 
drive, or controlled by a brake system at 
one end, usually the upper, and is tightened 
by passing over a sliding sheave, usually 
placed at lower end. Occasionally power 
machinery and tightener are at same end. 

Type and arrangement of controlling and 
tension mechanism depend on local con¬ 
ditions, and are subject to considerable 
modification (Art 14 and 16). 



PMfcsrorip ___ 

^ ELEV. 

Fig 30. Attaohing Point for Grips Opening Side- 
wise (Dotted lines show sltsrnstivs posiUtni of 
rsil and traction rope) 


Mannar of deflecting and guiding traction 
rope in terminals is influsneed by the proesss 
of getting the rope into or out of the grip, and 
of attaching or detaching carriers. For a grip 
opBMiiio AT BIDS, the rops must be brought 
throu^ a point where It will be opposite the 
grip jaws at the instant that grip oomss into 
thy vert through the rope, as the carrier movee toward rope in running along raiL Thus, 
In lig 80, the earrier movee idong rail from A to B, the grip travels ia horis plane obe, and iritea 
earlier reaches B, the traction rope must be at b so as to enter the grip, which is then oloeed, after 
wliioh the carrier supporte the rope. A seoond ease, where rail and traction rope slope dowaward^ 
ie shown by dotted Unee. In detaching, tbeee operations are reversed. 
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Tor » grip opbmiko downward, the carrier moves so as to bring grip into plane of rope, but 
somewhat above it, then advances toward inclined rope, or is lowered onto rope, if it is horis, unl^ 
it bears in the grip when jaws are closed. Thus, in Fig 31, carrier moves from A to B, with grip 
above rope, then advances until point C is reached, when rope will be in jaws of grip, which oan be 

closed. In detaching, the process is reversed. 
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Cowtaai DUitebM 


ISMitoa Rofw 

Fig 31 
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If grip jaws open upwabd, the grip will pass 
under the rope before taking it. 

3. Transfer of carriers, from cables to 
rail, or vice versa, must be done as smoothly 
as possible, to prevent lunging of carriers 
and hammering of cable where carrier leaves 
the rail. Lunging of the carrier is reduced 
by accelerating it on entering the attacher, 
to approx speed of traction rope. Experi¬ 
ence shows that wear on cable is least when 
carriers run on to cable outside the terminal 
saddle, where cable is free to deflect when 
This requires a terminal point movable vertically. When carriers take 


li! 





TT 


Attaching Point for Grips Opening 
Downward 


load comes on it. . . 

the cable at a rigidly supported point, the cable is hammered and the wires are displaced 
and worn. 


At terminal saddle, rail is placed parallel with track cable, but back of terminal point the rail is 
curved vertically so w_to change from the inclination of cable to the horis before reaching point 



where grip is released from traction rope. Where cables.slope downward from a terminal, rafls 
are bent on oonvex vertical curves at the front of a terminal, resembling a rail station at a erast, 
until they are parallel to slope of cables; the curved rail saves cable from downward press of oar- 
risge, and reduces wear on cable. When cables leave a terminal on an upward slope, the rails are 
iMUit on concave curves, and provision must be made for holding traction rope down, Co make it 
diange its direction without lifting carriers off rail. 
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BaA of detaching point, the rail is bent horisont^ly on easy curves so that the ineominc buolnt. 
Tanning at Ugh epeed, will take curves smoothly. On outgoing side, the cwve leading to attaddng 
ptdnt may be a little sharper, as the carriers are pushed by hand or move by gravity and travd at 
a slower speed The rail must form a loop large enough for carriers to clear the terminal machinery 
.and the framing used for its support. Rail can be extended by switches and loops into as elabwate 
a system as desired, to reach loading and discharge points (see dotted rails in plan of i^g 32). Rail 




is often graded, so that parts of the run cm be made by gravity. At a loacfing terminal for Indk 
materials, oarrims are filled from bin chutes, and at discharge end are run over pockets into whiab 
they are dumped. Fig 22 and 33 show typical arrangements of terminals for tramways with grips 
opening at aide, with hOris ourvee to release traction rope from grip. Fig 34 shows a terminal for 
gtipe opening downward. In this the horis ourvee are not necessary for gripp'ng operations, but 
tre required for the carriers to dear the center posta 
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Qttttfy loadJag twniiMli may be daticned to tranafer budceta from tramwigr bancen to flat 
oan. for oonvayanoe to quarry faeo. Larcer rooka than thoaa that wiU ptma through bio gi^, of 
matarial too atioky to handle in ohuteot oan thua be loaded directly into buoketa; The loaded can 
are hauled back to tramway terminal and the bucketa replaced in hangcra (tramway makera 1-8, 
Art 29). Bucketa oan be tranaferred from hangera to cara by running the car track under tramway 
rail and grading track or rail ao that the hangor hooka or unhooka from the bu«dcet aa required, 
when car and hanger are moved along together. 

Tranalot by a mechanical lift (maker 5, Art 29); aee The Engineer, London, Oct 9, 1936. At 
loading terminal of a tramway tranaporting clay to brick works at Reading, England, buckets are 
hauled to the pit on cara and filled by an excavator. The oars have a platform movable vertically 
about 6 in by a lever. To transfer an empty bucket to a oar standing bmeath it, the operator raises 
the platform under the bucket and lifts it out of the hooka on tramway hanger. After loading, the 
platform ia lowered so that the bucket trunnions again rid6 in the hanger hooka (Maker 6, Art 29), 

Underground trumwayg and tonninala. Where entrance to mine ia by tunnd, with 
ita mouth in ateeply eloping ground, the rear part of the loading terminal haa been built 
in an underground chamber below the tunnd, with an ore pocket at tunnel level. 

At San Francisco del Oro mine, Mex, a bi-cable tramway extends 4 715 ft from discharge ter¬ 
minal at mill to a point where tramway makes a deflection angle of 67*, enters an adit, 3.6 m high 
by 4 m wide, and runs underground 3 000 ft to a terminal from which loops extend to 2 loading 
points at bottoms of old atopea lined with concrete to form storage tuna. At one loadiag point the 



Fig 35. Junction Station 


raila are hung from bottom of the bin; at the other, supported from the floor. From the terminal* 
the track eablee kre carried on rocking saddles, 30 m apart, resting on hangers suspended from 8-in 
channels concreted into hitchea in the adit walls. The traction rope, free for full length of adit, is 
supported entirely by the buckets. Tramway cables are looked-ooil, 1.6 and l/g in; carriers weigh 
200 kg and hold 800 to 1 (KM) kg of ore, giving a eapao of 100 to 126 metric tons per hr. Traction 
rope is 6/g in, plow steel; speed, 150 m per min. Buckets are fiUed by hand-operated chutes and 
coast to ^e terminal, where they are dispatched at proper intervals, travel to the angle station 
where they detach; then coast through structure and re-attaeh automatically. From mill ter¬ 
minal, buckets erwst to bin, where a tripper ia set, dump load, and run to return side. For a round 
trip, a bucket is handled by a loader and a dispatcher at each end terminal. Cost of operating the 
above and a feeder tramway for more than a year was 2.3t U S our per metric ton per km; covering 
labor, power, supplies and rope replacements (14). Maker 1, Art 29. 

AntoBUitie diichargn tominali can be built to return carrien without detaohinc 
them from the rope and without attendance. They contain a horia tail sheave, usually 
12 ft diam, around which the traction rope travels and, parallel with it, a curved rul on 
which the carriers run. At tiie terminal, buckets leave caUe and run on a rail, dumping 
in tranrit mther wi^ on terminal loop or when on cable outside of terminal; the carriers, 
preferably empty, pass around tiie loop and run off the rail onto the return cable. This 
eUnrinates labor at the terminal, but requires a large diam sheave, to which the speed of 
travd for wlmle line must be proportioned, to keep down the centrifugal action d the 
carrima in makin g the end turn. Tramway speed is 300 ft per, min with I24i sheave and 
600 It with 16-ft sheave, toading terminals are of the usual type (Fig 38, 34), inoludiBS 
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releaie of the carrier grips. Angle stations can be designed so that carriers will pass 
around them at low speed without being detached from the rope; but more carriers are 
needed than for ^e ordinary tramway, thus increasing direct stresses on the line. The 
.grips must be designed to pass around the sheayes. These conditions increase first cost, 
but decrease operating costs. Mahers No 1-8, Art 29. 

Junction stations are practic^ly 2 temunals placed back to back where divirions of a 
long tramway meet. An angle may occur between center-lines of the divisions without 
increasing cost of operation, and with only a slight complication of design. Fig 35 shows 
a junction station at an angle, which contains the driving machinery for one division and 
the tension sheave for traction rope of the other. The oables from one right-hand division, 
are deflected and anchored; those from the other being stretched by tension weights. 

17 . TRAMWAY INSTALLATIONS 

Ordinary tramways. Until about 1920, bi-cable tramways had capacities under 100 
tons per hr; net loads seldom exceeded 2 000 lb; carriages had two 8-in, or 10-in wheris; 
many are still being built. Following examples are illustrative; see also Bib 13. 

Argentine Goyemment tramwi^, built about 1610, connects a minina field in Mejioana Mta 
with smelter and RR at Chilecito. Length, 34.3 km (21 miles); fall, 3 028 m (11 600 ft). As there 
are 8 divisions, each with its own drive and traction rope, the line consists of 8 indeoendent tandem 
tramways, connected by junction stations; at these the buckets, detached from incoming traction 
rope of one division, coast on rails to outgoing rope of the next and are there attached automatically. 
At several junctions the line makes horis angles. Control machinery for divisions is at junction 
stations, each division being subdivided into sections by suitable anchorage and tension stations for 
the track cables. Country is rugged, requiring rail trestles on crmta, and long spans over ravines 
(2 of 258 m and 540 m); through one sharp crest is a tunnel 150 m long, 4.5 m wide, by 4 m high. 
All structures are steel. Capac of line, 40 tons per hr of ore down from mine, and 4 tons per hr up 
freight. Buckets hold 1 125 Ib ore; speed, 510 ft per min. Track cables are both locked- and 
smooth- coil, 35--30 mm diam on loaded side and 20-20 mm on empty side (approx 1 S/g-1 Vlt iu 
and 1-0.75 in). Cables are stressed by weights hung on wire ropes passing over sheaves. Cables 
oiled by trav^ng oiler (Maker 7, Art 29) (15). See Bib. 

Spanish Peak lumber tramway transports lumber from saw mill in forest to planing mill at 
Qray’s Flat, Calif. Length, a little over 5 miles. From loading terminal line rises 1 200 ft in 
3 miles and then drops 2 100 ft to discharge terminal. Loads consisted of packages of lumber not 
over 16 by 32 in by 32 ft, containing 300-600 bd-ft, weighing about 1 250 lb; hung by chain slings 
from a carrier near each end. Nominal capac, 10 000 bd-ft per hr, about 15 tons. LcMSds were 
sent out every 3 min, spaced 1 242 ft apart. Lang-lay traction rope, t/g in diam, runs normally at 
414 ft per min. Cables are lockcd-coil, 11/g and l/g in. Running normally, line develops about 
10 hp, but requires 20 hp when loading up empty line. It is controlled by two 24-in Felton water 
wheels opposing each other; a governor admits water to forward-turning wheel when tramway 
slows down 5% below normal, and to reverse wheel when speed exceeds 5% above normal. 

Tramway was built in 1016 by maker 1 (Art 29); in 14 years carried over 150 million bd-ft of 
lumber; idle 5 years and put to use again in 1935, by Meadow Valley Lumber Co, Quincy, Calif (16). 

Consol Cori Co, W Va, installed a 3 400-ft bi-cabie tramway for mine waste disposal. The 
first half passed over a summit and across a ravine with a clear span of 1 700 ft, from which buckets 
were dumped. Tramway operated by 1 man at loading terminal; the empty buckets detach auto¬ 
matically, coast to loading chute, and are filled from an air-operated under-cut rotary gate. Loaded 
buckets coast to an automatic dispatcher which released them at intervals to coast into an attaeher, 
gripping them to traction rope. On the long span, the rotating self-riglding buckets passed through 
a frame which dumped them automatically; they then went to outer terminal, passed around a 
horis sheave without detaching and returned to loading terminal, which contains driving and trac¬ 
tion ropo tension machinery. Outer terminal contained return sheave and tension weight-for track 
cables. Buckets, hung from 4-wbeel carriages, held 0.75 eu yd (2 000 lb). Traction rope, 7/g-in; 
driven 350 ft per min by 75-hp motor. Track cables, locked-coil, 1.5 and 11/g-in; tensions, 62 OCX) 
and 34 000 lb (Maker 1, Art 29) (17). Line had capac when built of 30 cu yd per hr, to be increased to 
50 ou yd by adding more buckets and reducing the spacing from 525 to 315 ft, with 54 sec time 
interval. 

Benguet Consol Mining Co, Philippine Is, has a 49 600-ft tramway with fail of 873 ft, in a straight 
line, driven by power as one unit; 0.75-in endless traction rope is nearly 10 miles long; buckets, 
6 cu ft; capac of lino 16 tons per hr; 8 spans are 2 770-5 180 ft long. Flat profile, grade in favor of 
loads and light tonnage, give a low traction-rope tension (Maker 1, Art 26). 

Ribtst Tramway Co has built bi-cable tramways containing unique features. NoaTBsaw 
Pbbu Mimino Co has 4 interconnected tramwasrs, connecting 3 mines with mill and smelter, so that 
cares, concentrates, smelter products and supplies can be sent to any point without reloading buckets. 
The system, 30 miles long, was put in operation in 1027. One division, 6000 ft long, feeding 
smelter with coal and ores, has eapao of 50 tons per hr; the othem, 15 tons per hr. lYack cabisa 
m IVs bnd 1 in plow-et^ smooth-coil, and 1 t/g and 1 Vs-in cast-steel locked-coil. Steepest 
ineline,^85”; longest span, 4 351 ft. Traction ropes, all 0.76-in plow-steel Lsng lay have speed cf 
K^USO ft per min; 10 motors, totaling 510 hp, start the line, but when running only 7 ore needed, 
with total eai^e of 410 hp (11, 12). In Bouvia, a O.S-mile tramway starts at miBO at slsv of 
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14 000 ft, ordmM lummit of Andet at 10 000 ft aad ends at coneentrator at 9 000 ft. Oaa a^n of 
3 000 ft eroMOB a chasm so rugged that a 7>Biile detour is required (11). At Giabutta, N Max, a 
tramway with oapao of 80 ton per hr, has 2 divisions at an anide; junction station contains the 
eontools for both; 1 span is. of 4 000 ft. HTnan, Alaska, tramway is 11 miles long, in 
1 unit. Unusual featines: (1) a continuous traction rope; (2) 3 angles in the line, all deflecting in 
same direction; combined deflection, 171”, so that the Erection of travd at the ends is nearly 
reversed. Line has speed of 600 ft per min; was designed for eapao of 15 tons per hr, which haS' 
been greatly increased (12a). 

H«gTy-duty tramwaya. Since 1920, there haa been demand for tramwaya of larger 
oapao; an important recent ai^ioation is in hauling aggregate for concrete at dam aitea, 
the concrete being carried and deposited by cableways (Art 26). Bi*cable lines with 
capac to 300 tons per hr, have been built to carry 4 000-lb loads suspended from carriages 
with four 12-in wheels. I''ob sapid ioading, a measuring hopper holding 1 bucket load, 
may be filled by a chute with under-cut arc gate; or, if material is coarse, by pan con¬ 
veyer or vibrating feeder; hopper discharges quickly into the buckets, which can be 
dispatched at rate of 3 or 4 per min. 

A typical plant was used on the Pabdsb Dam, for water supply for San Francisco Bay cities. 
Length of Une, 18 255 ft, total rise, 889 ft. One summit was 456 ft above loading terminal; near 
discharge terminal a river was orcesed by a span of 1 320 ft. Carriers were 32-ea ft end-dump 
buokete, holding 3 000 lb. hung from 4-wheel carriagee; speed, 470 ft per min; spacing, 192 ft; 
time interval, 24.5 sec; capac, 220 tons per hr. Track cables, locked-ooil, 1 6/$ and 1 Vs >n, except 
for river span, where they were 1.76 and 1 S/g-in Cablea of first division, anchored at loading ter¬ 
minal and the angle station, were stresaed by concrete weights at a double-tension station about the 
middle of the section. Cables of second division, anchored at the angle station and a double- 
anehorage station, were stressed at a tension station near the middle. The river span, with larger 
oablea, was etreased independently from discharge terminal. All struoturee of wood. Traction 
rope, 7/g-in; that for the first cUvision was driven from angle atation; for second division, 
from discharge terminal; each drive comprised a grip sheave and spur gear, driven by a 12S-hp 
motor. Traction-rope slack was taken up by floating eheavea at ends of each division. At loading 
terminal, empty buckets detached from rope coasted to the loading chute, were filled in 4 or 5 see, 
and coasted to the dispatcher, which held the bucket until the one ahead had traveled the length 
of the apaoing; then released it to coast down grade to acquire the traction-rope speed; the attacher 
dloaed the grip and the bucket departed. At the angle station, empty and loaded bucketa, detached 
from traction rope, coasted on rails between the divisions, and took the out-going rope of the other 
division. At discharge terminal, bucketa coasted acroea the bins, dumped while in motion by trip- 
pere, rounded the loop, gripped the outgesng rope, and began their return trip. All operations were 
■utomstie, supervised by 1 man (18) (Maker 1, Art 29). At Conchas Dam, N Mex, a bi-cable tram¬ 
way was built in 1937-8 to transport concrete aggregate. Region rather flat, favoring a truck road, 
yet contractor decided low cost of tramway operation more than offset its greater ccet. T.ino 
CTOeaed river with 1 085-ft Bt»n. High winds are common, but caused only slight delays to opera¬ 
tions. To prevent freeaing of wet aggregate in zero weather, steam was forced into load at lower 
terminal, preventing freeaing in transit. The line was unloaded at night during cold weather; the 
bucket loads being reduced 1.5 cu ft succesaivcly until ml were empty. Operating crew per shift: 
foreman, 4 men at terminals, and a lineman. Details of tramway are: length, 9 963 ft; rise, 235 ft; 
oapao. 224 tons per hr; 36-ou ft end-dump buokete, with 4-wheeled carriages, were spaced 264 ft; 
iret load, 3 000 lb. Track cables. 1 S/g-in and 1-in locked-coil. Traction rope, l/g-in 6 by 19 
Lang lay plow steel; speed, 550 ft per min; interval between buckets, 2^8 sec. Driven 
from lower terminal by 150 hp motor. At discharge terminal buckets turn around a 18-ft sheavo 
without detaching (Maker 1, Art 29) (19). For details of other dam construction, see Bib 20-22. 

Heavy-duty tramwaya have recently (before 1038) been built by Maker I (Art 29) as follows. 
U. S. Qtpsijm Co, Alabaster, Mich. Line 6 800 ft long to dock in Lake Huron, to carry 260 tons 
per hr, with provision to increase capac to 300 tons, is carried on 8 towers 760 ft apart, built on 
cribs in lake. Pbnnbtlvamia-Dixie Cement Co, 1 mile long to carry 250 tons per hr. Buckets 
loaded and dumped automatically after line ie started. One man oversees operation. Canyon 
Coal & Coke Co, Morgantown, W Va. Line 3 412 ft long transports 200 tons coal per hr in 62-ouft 
end-dump buckets, hung from 4-wheel carriages. Having a fall of 150 ft, line runs by gravity, and 
develops 20 hp, which is absorbed by a 25-hp induction motor. Cables, locked-ooil, ore anchored 
at both terminals; stressed by weights at a double-tension atation on the Cheat Biver, whence they 
make a dear span of 1 500 ft to diaoharge point and thence to anchorage. Bucketa are loaded at a 
chute with air-operated under-cut arc gate, and are automatically attached to traction rope, hauled 
over the line and back to loading terminal where they coast to loading ehute. Enroute they are 
dumped at the discharge point and returned around a tail sheave. Lone speed, 450 ft pw min; 
spacing of buckets, 196 ft ■> 26 sec tims interval. Operated by 1 man, with another available for 
relief and choree at loading terminal (23). 


18. COST OF EQXnPMENT AND OPERATION 

Cost of a tramway comprisee: 1. First cost of machinery. 2. Freight to the tram-' 
^ay site. 3. Cost of timber and foundation materuds. 4. Distributing machinmy 
material along tho line. 5. Framing and erection. 6. TnatRlliTtg machinery, indiUding 
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caUes, saddles, terminals, eto. 7. Superintendenoe and oontingencies. If sinicturM 
are of steel, cost of fabricated steel replaces cost of timber and its framing in items 3 
and 5 above. Attempts to give costs are almost futile, as conditions and prices vary 
greatly, but the following discussion (repeated from 2nd Ed) will aid in esUmatiag by 
indicating" the items to be considered. Bee also the 1938 costs given below. 

1. First cost of machinoty for a bi-eable tramway of grip type, for aver oonditious and ordinary 
equipment, in 1926, was approx as follows: 


Table 6. Price and Weight of Machinery 



Capao, 
tons 
per hr 

Cables, 
diani, in 

Carriers, 
capac, cu ft 

Spacing 
of carri¬ 
ers, ft 

Price 
per ft 

Wt per 
ft, lb 

Line machinery, including tower 


10 

1 and Vs 

5 

750 

Eli 

8.0 

equipment, cables, ropes and 


mm 

1 Vs ood Vs 

4 

450 

WBSM 

10.0 

carriers. Towers taken as 250 


K9 

1 8/8 and Vs 

12 



12.0 

ft apart; line nppcd, SOOftpermin 


100 

1 S/s and 1 

20 



16.0 


Price 

Wt, lb 

Machinery for 2 terminals, including all metol-work, but no motor or automatic | 

$4 000 

24 000 

regulator 





1 

to 

$6 000 

to 

36 000 

Intermediate station machinery. . . 






$1 667 

10 000 


Motors, with solenoid brake, controller, transformer, oil switch, 500 r p m and I 000-1 200 v, cost 
perhp; 25 h p. $50; 50 h p. $32; 100 h p, $2t; I50hp.$20. _ 


2. Freight by R R, boat or team from maker's factory can be estimated from above weights and 
prevailing traffic rates. H:iuliiig by motor truck on highway costs roughly C-10^ per ton per mile. 

3. Timber and foundation materisls are usually obtained locally. Timber needed: 2-in planks, 
6-12 in wide; timbers 3 by 6 to 10 by 10 in; a few beams and struts, for terminals and intermediate 
stations, 10 by 12 to 12 by 16 in. 

No timber need be over 30 ft long. 

Foundations should be of masonry 
or concrete. 

Average conditions require an 
intermediate station every 4 000 ft, 
which may be assumed to contain 
same material as an anchorage and 
tension station. 

4. Cost of distribution is a 
local matter, Wt of machinery 
and quantity of timber are stated 
above. Length of haul to destina¬ 
tion depends on topography, and 
these data, with local charge for 
hauling, form basis foi estimate; 
roughly, say 60f per ton mile, from 
freight terminus to last points accessible to motor trucks or wagons. 

6 . Cost of framing and erecting timber depends on local wages and quality of labor. An approx 
figure is $50 per 1 000 ft B M for terminals, bins, intermediate stations and towers. Foundations, 
including excavation, approx fl.‘>-$20, per ou yd. Stexu STBCcrunEs and towers cost in 1021-22, 
fob factory, 3.5-4.5^ per lb fabricated ready for erection. 

6 . Coat of installation varies greatly. Rough estimate is; for heavy cables, 3.5^ per lb; light 
cables and traction rope, 6^ per lb; machinery, 1.5^ per lb. These figures include cost of distribution 
of machinery along the line, by dragging or sledding from end of truck or wagon haul. 

7. Superintendence and contingenciea may be figured as 20% of total xstimaTXd cost. 

If a quotation b obtained on the 
machinery, the allowance for thie 
item may be put at 30% on tbs 
BKUAiKiNu ITEMS of the estimate. 

On a 4-mile tram way in Teno, 
erected 1903, in rolling country, 
where all parts of the line were ac¬ 
cessible for teams, and discharge 
terminal was near the R R, costs 
per 1000 Ib were very low (see 
accompanying table). 

In general, ooet of timber, framing and erecting the structures and installing machinery, on lines 
eanyiog 40 tone per hr and over, ie a little under the price of machinery; on linea of lees than 40 tons 


Material 

Unloading at 
R R and haul 

Ins tailing 

Total cost 
per 1 0001b 

Cables. 

$2.76 

$3.64 

$6.40 


1 Unloaded, pulled through | 


Traction rope... 

{ towers, splietMl and installed t 

7.00 


1 in one opwation . > 


Machinery. 

$1.02 

$2.22 

3.24 


Table 7. Quantities of Materials in Structures 



Timber. 
ftB M 

Foundations, 
cu yd 

Loading terminal, no bins. 

10 000 

50 

Loading bin. 

8 000 

10 

Discharge terminal,'no bins. 

15 000 

50 

Tower. 

f 80 per ft 

Under 20 ft) 

lof height 

high •» 4 ) 

Average height, 30 ft. 

Interme^ate station: 

2 400 

Min » 6 

Double anchorage station. 

8 000 

25 

Double tension station. 

16 000 

45 

Anchorage and tension station 

12 000 

35 
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p«r hr, ft littlft over thftt iiriea. Conditioaa under which tnmwaye are buUt are so rariable that it is 
difficult to spedfy averaces; hence all the abore prices must be taken u approx, and may easily be 
changed 26% by local oonffitiona. 

Quantities of material in struotures, weights and costs of equipment and cost of erecting 
in 1927, were discussed and concitisions tabulated by Carstarphen (7). 

In 1938, a tramway engineer for an important maker furnished following figures. 
Tramway costs: lumber, per M bd-ft erected, $80-$100; structural steel, per ton (2 000 
lb) erected, $160-$200; installing cables and machinery, per ton, $60-$70. Quantities 
of concrete in foundations: 25 to 30-ft towers (higher towers take more), 4 cu yd; anchorage 
and tension stations (min), 25-30 cu yd; terminals (min), 30-40 cu yd. For costs of con¬ 
struction and operation of tramways, see Bib 8a, 12a, 19, 24. 

Cost of operating consists of labor, repairs, interest on investment and a sinking 
fund allowance. 

Operating labor for a line carrying 50 ton per hr or less will be; 1 brakeman, 1 laborer at each 
terminal and an oiler half time if line is not over 2 miles long. On heavier lines, 2 laborers may be 
required in each terminal and the oiler would work full time. Oiler should travel over the line daily, 
inspecting machinery, tightening loose parts and making petty repairs; when his whole time is 
given, he may be the line foreman. Automatic regulators, or a power drive, will save the brake- 
man; on light lines, loader may act as biakeman; sometimes buckets can be dumped automatically 
and all labor at discharge terminal be dispensed with. 

Hepaits for first 2 or 3 yr will be light, due mostly to accidents; in 4th and 5th yr, all parts will 
show wear, and renewals may amount to 2% per yr on first cost; after 5 yr, repairs may be 6% 
per yr on first cost. 

Carstarphen discusses comparative costs of hauling by truck and by aerial tramway, and oon- 
oludsa that only on short hauls (say 1 mile) and moderate tonnage (as 100 tons per day) are trucks 
cheaper than tramways (24), 


OTHER TYPES OF TRAMWAYS 


19. TWIN-CABLE TRAMWAYS 

These, invented by W. C. Lawson, have carriers running on parallel track cables on 
same levri. Carriers have 2 or more sheave-wheels on each side and are hauled by a 
single traction rope (Maker 3, Art 29); they resemble a system of cars running on rails 
and hauled by a wire rope. If tramway is continuous, there are 2 pairs of track cables, 
one pair over the other; loaded carriers travel on the upper cables and empties return on 
the lower. At each end, traction rope passes around a vert sheave 6 or 8 ft diam, and 
carriers leave track cables and travel on rails, which are curved at the ends to parallel the 
sheave circumference, and having a radius about 18 in greater than the sheave radius. 

In passing from upper to lower pair of cables, carriers are inverted for discharging; 
they return inverted to starting point and are righted in passing around the vert sheave 
at that end. As carriers are permanently attached to traction rope by clamps or sockets, 
they are filled while in motion by a mechanical loader, automatically drawing material 
from bin and measuring proper load. Speed of ropes must be slow enough to permit 
loading without spilling, and maintain a moderate centrifugal force at the curved ends. 
Fig 36, 37 show diagrams of terminals of typical automatic tramways (Interstate Equip¬ 
ment Corp). 

Carriers may be attached to traction rope by grips; by detaching them, loading of 
other than bulk material is facilitated; but this eliminates some automatic features, and 
few lines have been thus designed. By detaching, return cables may be on same level and 
to one side of outgoingjcables; carriers then return right side up, and may be used to haul 
bock freight. 

Towers are open through the center at their tops, and track cables are supported on 
rocking saddles attached to insides of tower posts, the carriers passing through towers and 
between saddles. Traction rope is support^ on wide-faced sheaves, a little below clear- 
gnee line of carriers. 

Horlz angles can be turned by ending cables at ti structure with curved track rails 
on which carriers travel and are hauled by traction rope as in a rope haulage system on the 
ground. After leaving the curve, carriers again run onto the cables. The curve must 
have a radius of 57 ft or more. As curve is horis, the line speed must be tedueed, or rachus 
of eurve must be large enough to prevent szeesaive centrifugal force. 
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Carriers for bulk material are usually shallow' rectangular steel cars, of 10-60 ou ffe 
oapae for different hourly tonnages and weights per cu ft of load. In dumtang, a baflto 
plate cauBM the material to flow instead of being dropped; this prevents br«Utage in case 
of coal. 

Track cables are either locked- or smooth-coil, 0.5-1 t/g in in diam, and are stressed aa 
on bi-cable tramways (Fig 16 and Table 1). On short lines, the stressing devices are at 

Ulna 




Fig 36. Loading Terminal, Automatic Tramway 


one end; on long Hues, the cables are anchored or stressed at intervals of 2 000-3 000 ft, to 
preserve the desired tension. 

Traction ropes are 6 by 10 hoisting rope, their size and grade depending on working 
conditions; 0.5 in to 1 in arc common; safety factor of 6 should be used. The rope is 
made up of lengths equal to spacing of carriers with sockets on both ends of each length; 
sockets are then attached to bottoms of carriers by pins, and tension is applied by equip¬ 
ping an occasional carrier with special splicing devices. The splice carriers are spaoed 
not more than 5 000 ft apart, and have means for holding the traction rope in any position 



Fig 37. Discharge Terminal, Automatic Tramway 


after l ?aiTie stressed to desired tension. When the rope stretches, the slack is taken up at 
a splice. When carriers are attached to traction rope by grips, traction rope ia endlesa 
and rinck can be taken up at a terminal by a sliding tennon sheave. If loads cause very 
heavy tension in traction rope, it may be necessary to divido the tramway into sections, 
each diunping its loads into the bin of tho following section. 

Capacity. Linos havo been built to emry 300 tone coal per hr, using flO^su ft earriwa 
running ou 0,5-in locked-ooil cables. Speed oftrnvol directly infiuonoos oapae: ituuaually 
about 400 ft per min (TaUe 8). 
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T«ble 8. Ree«nt Twln-caUe Iiwtallatioiw 



Haris 

length, 

ft 

Material 

Capao, 
tons 
per hr 

Fall, 

ft 

Car¬ 
riers, 
ou ft 

Speed 

per 

min, ft 

TTacr 

tion 

rope, 

in 

Track cable,* 
type A diam 

Cold Spring Mining 









Co, Cold Spring, Va 
Blue Diamond Co, 

13 000 

Mine run kaolin 

30 

650 

9 

380 

6/8 ■ 

SC 6/8 A 1/2 

Arden, Nev. 

Nephi Plaster A Mfg 

3 600 

Mine run gypsum 

80 

700 

20 

400 

3/4 

SC 1 1/8 A 8/4 

Cq, Nephi, Utah.. 
Keystone Mining Co, 

9 500 

Mins run gypsum 

75 

i 

700 

18 

400 

6/8 

SC n/8A3/4 

East Brady, Pa.., 
Anchor Coal Co, 

2 200 

Coa! 

i 

170 

300 

IB 

400 

6/8 

LC 11/8 A 3/4 

Highcoal, W Va... 
Brule Smokeless Coal 

1 500 

Coal 

ISO 

240 

20 

420 

6/8 

LC 1 1/8 A 3/4 

Co, Otsego, W Va. 

Stowe-FuUer Befract 

4 000 

Coal 

150 

too 

40 

450 

6/8 

SC I 1/8 A 3/4 
Plow steel 

Co, Alexandria, Pa 
Koppers Coal Co, 

5 000 

Crushed stone 

30 

800 

9 

400 

6/8 

SC 3/4 A 1/2 

Kopperston, W Va 

600 

Mine refuse 

100 

300 

Rise 

20 

400 

3/4 

LC 11/8 A 8/4 


*SC — smooth-coil. LC ■■ locked-coil. 


20. REVERSIBLE TRAMWAYS 

These, sometimes called " jig-back ” or " to-and-fro " tramways, consist of: 1. One or 
two track cables. 2. Traction rope for carriers. 3. One carrier on each track cable, 
moved to and fro by traction rope. 4. Station at each end for operating machinery, and 
filling or dumping carriers. 5. Sometimes intermediate towers are used to support 
track cable and traction rope, but are disadvantageous, as they limit speed to 1 000 ft per 
min, while without them carriers may be run at 2 000 ft per min. Carriers dump auto¬ 
matically at discharge terminal; the machinery is then reversed and carrier returns on same 
cable. One man fills the carrier and operates the line. Made by ail tramway builders. 

Limitation. Coat of erection and operation is low, but capac is limited by the recip¬ 
rocating movement. With ordinary construction this limit occurs, with a 2-cable system, 
when product of tonnage per hr mtiltiplied by distance in ft approximates 50 000; that is, 
a tramway 1 000 ft long can handle 60 tons per hr. With special construction much larger 
tonnages are carried. With a single track-cable, capac is a little less than half tlie above. 

Bises of carrier and cable are governed by same conditions as other bi-cable tramways; 
tha load must not cause excessive bending in the cable (Art 6, Ga), but, as loads pass at 
longer intervals than on a continuous tramway and therefore cable receives fewer bends 
per hr, heavier loads may be used, subjecting cable to more bending than on a continuous 
tramway. When loads must be heavy to secure tonnage, carriages may have 4 wheels. 
For a cheap plant, the track cables may be smooth coil, or, for temporary use, standard 
7-wire strand rope. 

Track cables are seldom weighted, but are made taut by turnbuckles or wire-rope 
tackles. The cable tension is judged by deflection of empty cable at center of span. For 
a single span with anchored cable and single heavy load, see discussion at Fig 45, Art 27. 

Carriers, when there are 2 track cables with 1 carrier on each, arc clamped to traction rope so 
that one will be at loading terminid when the other is at discharge terminal; thus one is loading while 
the other is discharging. If there are no intermediate towers, the carrier hangers can be extended 
down from both sides of carriage, thus preventing carriers from jumping off the cable, and permitting 
higher speeds. At each end, in any case, carriers stop just before terminal saddles are reached, 
for loading and discharging. When loads arc descending, the system will often operate by gravity 
like a gravity inclined plane. A reversible tramway may be operated with 1 track cable and 
1 carrier. This is practically half a double system, and always rcqmres power. 

At loading terminal, when there are 2 track cables, they are sometimes brought close 
together, one above the other, so that a carrier on either cable can be loaded from one 
chute. Between the terminals the cables are far enough apart to permit carriers to pass 
each other. They may be brought close together rgiun at the outer end. 

lostidUtions. The principle of reversible tramways can be utilised to transport very 
light loads to,loads of several tons. In general, this tnunvray is the rin^plest and cheapest 
for moderate distances. Tonnage per hr is limitec' by long time interval between loiuii. 
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due to the intermittent action, and bjr else of the load. The time b fixed; etae of load b 
the only variable, and when increaeed, the aee of cable and strength of <xmetruotion must 
be increased abo, and en economic limit is reached if more than 100 tons per hr are carried. 


Table 8a. Tyjdesl InstaUations of Reversible Tramways 


Capae, 
tons per hr 

Material 

s 

Length 

Net load, 
lb 

Loads per hr, 
cap 4- wt 

Tinke inter¬ 
val, tnin 

Loading 
time, min 

Speed, 
ft per mb 

25 

Cori waste 

mfm 

2 500 

20 

3.0 

man 

650 

25 

Coal 


2 700 

18.5 

3.25 


873 

40 

Coal waste 



20 

3.0 


1 056 

75 

Coal waste 

440 

4 200 

35.7 

1.68 


687 


Coal waate 

1 250 


W 

2.0 


1 667 

100 

Coal 

1 600 

6 667 

30 

2.0 


2000 

100 

Coal 

1 600 


25 

2.4 

■im 

1 600 


21. DESIGN OF REVERSIBLE TRAMWAYS 

Fig 38 b a profile of a typical reversible tramway, with cables anchored at both ends; 
1 tower; horis length, 610 ft; fall, 228 ft. Assume line is of double-cable type, to carry 
20 tons per hr, aver 30 loads per hr. This requires a load every 2 min. Allowing 0.5 min 
for loading, running time per load, b 1.5 min. On tite steep grade shown (37.4%), tiie 
inclined length of 651 ft, divided by time of 1.5 min, gives running speed of 434 ft per min, 
which is reasonable for this length of line. Net wt of load is oapac per hr 4- number of loads, 
or 1 333 lb. Assume nearest sixe bucket b 15 ou ft, and ^at it might be loaded with 
1500 lb. Its empty wt (Table 9) b 500 lb. Assume traction rope wei^ 0.75 lb per ft. 



Track cables. Having chosen a load suitable for desired tonnage at a speed practioabto 
for the length of line, the gross load « wt of carrier -f* net load -I- wt of traction rope hang- 
ing on carrier. As these can be closely determined and are not subject to increase, the rise 
of track cable can be baaed on a load of 1 500 lb for each sq in of section for cast steel cabb; 
then IF 4-1 >■ 1 500 4* 34 600 0.0435; thb is 25% more than b allowable for continu¬ 

ous tramways (Art 6, 6a), but thb work is intermittent. Then, gross load 4- 1 500 ~ 
croee^eo of cable; this multiplied by 3.7 «« wt per ft of whatever type of track b used, and 
by Tabb 1, the rise of suitable track b found. If a light-weight rope b desired, one of 
higher grade steel but equri strength may be used. In thb example, load b 2 250 lb; 
hence, 2 250 + 1 500 X 3.7 « 5.55 lb per ft of cabb, which corresponds to 1.5 in C 8 
looked- or It/g in smooth-coil 
cable., 

Path of load must be investi¬ 
gated. When caUe is weighted, 

^e position of loaded (»ble at 
different points b determined Iqr 
Eq 13 or 10, but, when stretched 
fay tumbuckb or tackle, and not 
weii^ted, porition of loadod cable must be determined by method used for caldewaya 
<Art 27, Fig 45), because caUe has fixed length, and tension is neither constant nor fuUy 
known, 

Max straaa in traeffon rope occurs when loaded carrier is on steepest part of liiio, 
wMeh will probritdy be when it b at the top. Its rise b detennined fay: Tenrion ■* (tri 
leddsdeorrMr X tine indination tf table) + wV •{• fv’, which ipF comes from Eq 27, 


Table 8. Weight of Rotating Bucketo for Reversifalo 
Tramways 


Capacity of bucket, eu ft. 

6 to 8 

10 to 15 

18 to 20 

Weight of empty bucket, lb... 

400 

500 

700 


Larger buokets, for coal, weigh about 30 lb per ou ft oapae. 
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and Im) a tenaion due to wt implied to ritding idteare. If theaheavoB are large, tlie wear 
oa rope will be nuiitly on its eurfaoe, and a 7>wiFe atrand rope ia euitaUe; for amaU aheaTee^ 
19'Wn'e atrand ahould be used. 



•faeak from Tonnel Elw.i Wl.> 



Fig 39. Loading Terminal, Double Reversible Tramway 


On gravity lines, relation of operating force to reaiatance must be inveatigated at all 
pointa, with especial attention to conditions at discharge end, for there the slope of cable ia 
flat and little power is generated, while the other carrier is climbing steepest part of its 
track and offers max resistance. Mo¬ 
mentum of carriers may complete the trip 
after loaded carrier has ceased to generate 
power, but this should be counted on 
with caution, as it requires a skillful 
operator to run loaded carrier with suf¬ 
ficient speed to take it into its terminal 
and stop without undue shock. On flat 
jnclinM, or with a heavy carrier and slack 
cable, the lowest point in path of carrier 
may be at a distance from the discharge 
terminal, and momentum of carrier may 
not be sufficient to complete the trip. 

In such circumstances, this type of tram¬ 
way ahould not be installed, or power 
ahould be provided to complete the trip 
ef carriers; or, a large track cable should 
be used, so it can be stressed at higher 
tension and give a track more nearly ap¬ 
proaching the chord. 

Controlling maeUnery may be either 
brakes or a power drive. The drive must 
provide for stopping and for rutming in 
sillfOT Erection. 

Shifting brits are satiafaciory for this revwslng meshanlsm. They wear well, are simyle and 
eaaUy ropi^ted. Band brakes maybe double, with bands amplisdin (WdCsite dkMtioiui.sothatdaiS 



el. Double BevereBile 
ly 
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vin be effii^eati whatever the direetion o( rotation, and tiie moat advantaceona one Wlli be vaed for 
main oontrcd, while the other ia left aet throushont run. Power oaloulationa ait analofoua to :dtaae 
in Alt 14. Fic SB, 40 ahow typical terminala. 


22. REVERSIBLE TWIN-CABLE TRAIkCWATS 

These may hare either a single or a double pair of caUea (Art 10). Twin track eablee 
pennit heavy loads. Carriers for bulk materiid are usually steel cars, with sloping bot¬ 
toms, swinging end doors, and 2 or more wheels on each side, traction rope being attached 
near the wheel line; they dump into a bin at discharge terminal, or are dumped along ibe 
line (Art 25). Use of end doors gives a gradual discharge and avoids the upward snap 
of the cable caused by sudden dropping of the load. 

Lines are in use with carriers to 125 cu ft capac, traveling at ■! 500 ft per min over 
towers on pairs of 1 6 /g-in locked-coil track cables and ^uled by a 0.75-in 6 by 19 plow-steel 
rope (Maker 3, Art 20). 

A heavy twin-cable type of single reversible tramway was built acroea the American River, 
CaUf (13). Span, 2 600 ft, with approx horif chord; four 2-in cablhe, 2 on each side of a cradle, 
carried a etandard-gaae freight car, which loaded with lumber weighed 58 000 tb. The cradle had 
8 wheels on each cable, and was hauled at 1 500 ft per min by an endlesa rope (Maker 1, Art 29). 


23. MONO-CABLE TRAMWAYS 

These are also called ropeways and single-rope tramways. They comprise: (1) a single 
endless rope running around large sheaves at each terminal and over small supporting 
sheaves at towers; (2) carriers suspended at intervals from running rope; (3) terminal 
machinery for driving the rope and loading and unloading carriers. They are of 2 forms: 
(a) carriers permanently attached to running rope by clips; (b) carriers suspended from 
running rope by “box-heads’* (see below) which ride on the rope and are detached at the 
terminals for loading and unloading. 

Clip type. The clip consists either of a thin steel strap encircling the rope, or a steel 
forging inserted in the rope by slightly separating the strands. Due to this permanent 
connection, the carriers must be loaded while in motion; whore they are small, this may be 
done manually with sebop shovels, but usually by a mechahical loader; at discharge end, 
the carrier latch is tripped automatically and load is dropped. One man attends to 
loading, and operates the control, if this is at the loading end. 

The control, by brakes or a power drive, ia attached to a grip-sheave at upper end 
(Fig 28). At lower end, the rope passes around a plain sheave with means for applying 
tension to the rope. These terminal sheaves are horis and usually 8 ft diam; carriers 
passing around them develop centrifugal force, which is kept low by limiting speed to 180 ft 
per min. Towers have a sheave, 24-in diam at each end of top cross timber, on which the 
running rope travels. Where downward press of rope is heavy 2 or more sheaves mounted 
on a rocking beam are used to reduce bending of the running rope. To hold the rope down, 
sheaves can be placed above the running rope, but, as this sdds a lead to the rope, bending 
stresses should be small, and avoided if possible. 

Angles in the line ore made by deflecting the rope around sheaves of the same diam as 
terminal sheaves, but without releasing dips from the rope; the sheaves being arranged so 
that the carrier hanger never comes between it and the rope; the clip projects outward 
from the sheaves at all times. The rope on the convex side of the angle can be deflected 
by a single sheave, but that on the inside requires 2 sheaves; these are placed beyond the 
angle point and at different elevations, so carriers can pass over the other roj^. 

Junctions between 2 tramways, where the running ropes turn around terminal eh^ves. 
are made by the carriers of one line dumping into bins, from which the material is reloaded 
into carriers of the second line, "nie structure has practically 2 terminals, one above the 
other. The 2 lines may be at an angle without materially affecting the coutruetion. 
Fig 41 shows the profile of a short line, and Fig 42, a general standard terminal; with 
slight changes, it can be adapted to nearly all conditions at loading or discharge end of line, 
or at jimotionB. 

Limitaflioxi. These tramways give good service to a capac of IS tons per hr, a length 
of 2 mffes, and a difference in elev of 2 600 ft. For greater capac, leng^, or inclination, 
funning rope becomes heavy and wear is excessive. The limited field for tms type boa 
resulted in its beingdiopped by makers in the U S, although for a light line it is cheapw, 
in botii firaft cost and operation, than any other tramway. They are still made by En g li i Ji 
firms 4, 6 , 6 (Art 29). 
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Box-lMttd typ* of teaiBWttjr. A box-like oaoting, a few inches oquaze and l(hS0 In 
long, rides on the running rope and from it carrier is suspoided. There are 2 demgaa: 
(1) with a lug at each end, having corrugated Vndiaped grooves in thi^ lower ends to 
increase friction wd prevent length-wise slipping (Makers 4 and 6, Art 29}; (2) with a 
grip operated by wt of the carrier; one style (Maker 6) has a tong-jilm action whi<^ closes 
the jaws about the upper two-thirds of the running rope and gives a positive hold. Another 
(Maker 8) has a pair of rollers at each end of the box-head, the axes of which are paridlel 
to the rope; the roliers are grooved to match the strands of ^e rope, each pair being 
contained in a chamber with tapering sides. When the box-head is set on the rope, the 



roliers mesh with the rope strands and the tapered surfaces cause them to grip the rope. 
Both styles are released at terminals, when the side wheels take the load. The box-bbax>, 
of whatever design, has 2 wheels on one side. At a teiminai, an angle or a junction station, 
a shunt rail is placed parallel to the running rope, a few inches from it and at such a grade 
that when the box-head wheels engage the rail, the box-head lifts off the rope and runs 
on the rail. The rail system can be arranged to suit conditions as for bi-cable tramway 
stations, and lead the carriers to loading or discharge points; or it may simply overcome a 
gap where tlte running rope is deflected or interrupted. The rail leads the carrier to the 
point where it is replaced on the running rope, by depressing the rail with respect to the 



Fig 42. Terminals, Mono-cable Tramway, Clip Type 


(4). By grading the rail the carrier coasts to or from its stopping points and miqr 
sometimes attach itself to the running rope automatically. The rail, if long, may be 
replaced by a moving chain, which conveys the carriers at about one-third the rope gpeed 
across the gap to the attac^g point on the running rope (Maker 4, Art 29}. 

CostroUag machinery for the running rope is best locat^ at highest point of the line 
and preferably indudes a grip dieave (Fig 29); to which, for manual control, bnAe wheels 
ars attadred. For power drives or automatic control, the iprip-^eave shaft is geared, or a 
bull gear is bolted to the sheave. See Art 14.18 fbr data on nower machinery apidioabla 
to mono-e»ble tramways >, 
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Towan «ure usually pyramidal, of steel, with a cross bwm at the top to support ths 
dheaves. Few Ugbt lines, 34eBged towers may be used; with 2 legs on a line nonoaal to 
center line of tramway and 1 on the center line. The cross beam for the sheaves is attached 
to the first 2 legs. On moderately heavy lines, 4 shaves in an equalising frame are used 
on the loaded side and 2 on the empty dde. In case of a sharp angle over a summit, the 
tower is replaced by a structure carrying several groups of 4 sheaves each. On light lines, 
2 sheaves may be used on the loaded side and 1 on the empty side. 

Running rope is usually Lang lay, 6 strands of 7 wires and hemp center; a more flexilde 
rope is sometimes used; randy, one with wire-strand core. For severe service, plow-steel 
rope may be needed. Rope siaes are B/s to 1 */g in. Initial safety factor should be 6, so 
that the factor will not fall below 4.5, after rope is worn- Bending stressea are reduced by 
high rope tension, and those due to large angle over a tower bv multiple sheaves. 

Instidlationa. Some of the longest tramways yet built are mono-cable, made up of a 
series of sections operating in tandem (Makers 4 to 8, Art 29). 

Bzanples. H<dlincer Consol Gold Mines, Canada, has a 3.75-nule line, over flat country, 
driven by 100-hp motor; it bolds the capac record for mono-cable, of 190 tons per hr; buokets, 
19 eu it, run at 627 ft per min. During 1934, the tramway averaged over 162 tons per hr while 
operating crew was on duty, including repairs. From 1927, when started, to June 17,1935, it carried 
5786 634 tons. During a representative year, transport cost was (cents): loading burets, 1.23; 
unloading, 1.56; operating (including power and maintenance), 2.1; repairs and replacement of 
cable, 1.6; total, 6.49^ per ton. The running rope, replaced 1938, carried 2.6 million short tons 
(26). Maker 4, Art 29. 

Tilmanstone Colliery, Kent, England, hauls coal to bunkers in Dover harbor (28). Line is over 
7 miles long. Loading terminal is at elev of 198 ft; line rises to 357 ft, and drops to 89 ft. Capac, 
120 tons per hr. From bunkers, ships are loaded by belt conveyers at 1 000 tons per hr. Buckets 
hold 1 4501b coal; running rope, 1.25 in; speed, 390 ft per min; bucket spacing, 138 ft; time inter¬ 
val, 21.4 sec, requiring 60-66 hp. Line is in 2 sections: the fint, 18 090 ft, is straight, from loading 
terminal to a control station at 261 ft elev; the second, to discharge terminal, 20 222 ft, oontaine 
2 anides and passes through twin tunnris about 0.25 mile long. Two divuions were necessary, due 
to wt and length of the line. The control station contains the driving machinery and tension 
mechanism for both divisions. At this station and the 2 angle stations, the bos-hesds leave the 
running rope at incoming points and coast on rails to the outgoing pmnt, taking the rope auto¬ 
matically. Total cost of tramway, about £120 000, or $15 per ft. Started, Feb, 1630. Operating 
cost at full capac, 9.8^ per ton (Maker 4, Art 29). 

Indian Copper Corp, Chota Nagpur, India, has a 31 050-ft tramway, over rolling country, with 
1 horis angle to make a croesing normal to river with span of 976 ft (25) (Maker 4. Art 20). A single 
endless running rope, at light tension, serves entire line. When built in 1928, espso was 40 tons ore 
per hr and areturn freight, delivering KXtloads of 800 lb per hr; bucket spacing, 201 ft; time interval, 
29 sec; running rope, 1 in, 6 by 7 Lang lay; breaking strength, 70 (XX) lb; speed, 420 ft per min. 
Capac was inoresa^ to 70 tons per hr in 1933, with larger rope. First rope carried 743 000 tons; 
second, 712 000 tons; replacement cost, 1.3^ per ton. Operating cost for 1 month in 1931 (after 
line had been running 3 yr, single shifts), for labor, power, stores, repairs and supervision, 5.254 
per ton, for 16 000 tons. Adding 1.34 for replacing first rope, total cost was 6.554 per ton. A later 
company report gives cost of 6.54 for the entire line. Labor, all native at low wagee, was approx 
324 PCc man per day, 13 men and foreman being required. 

Maker No 4 has also built tramways for Central Provincee Manganese Ore Co, India (97 650 ft), 
and Rahman Tin Mines, Malay States (7 600 ft). 

Cost of materialB for a mono-cable tramway, steel construction, fob England, 1038, is 
stated by one engineer as approx: (a) capac, % tons per hr; line material, $1.83 per ft; 
terminal machy and frame, $3 640. (b) capac, 100 tons p«r br; line, $4.40 per ft; 2 
terminals, $6 800. 

Operating cost (stated in general terms by Harrison Roe, So Af Min & Eng’g Jour, 
Aug 22, 1936) for either mono- or bi-cable trsunways, about 2 miles long and carrying 
15-150 tons per hr, is between 2^ and 4^ per ton-mile, at English wages. On short Unes, 
cost is higher, as same labor is required and its cost distributed over fewer miles. On long 
lines, direct cost may be lower, but more obstacles may tend to increase cost. ^ 

General data. Longeat mono-cable tramway yet built in one unbroken line is 31 200 ft 
(nearly 12 milM of running rope); capac, 55 tons per hr. In rugged country, practical 
length of a tramway, or a section, is about 3 miles. Spans to 3 000 ft can be operated 
where capac is moderate and tension in running rope is high, but these favorable conditiona 
seldom occur together. Usually, a span of 1 000 ft causes severe stresses and is near the 
practical linut. In general, spans on bi-cable tramways can be longer than on mono-eal^ 
C^>ao is limited to about 160 tons per hr by size and wt of running rope needed; max siae 
in uae ia about l^/g max speed, 400 ft per min. As heavy loads increase bending of 
running rope, the max is about 1800 lb. Grades of 50% are poaaible, but 40% ia about 
the laiMftii^ Ifanit, 
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24. DESIGN OP BOX-HEAD MONO-GABIS TRAMWAYS 

The economic eise of individual loade. determined bjr exparienoe, ie about 1% of hourly 
tonnage; with' email oapao they may exceed' and with large oapao may be under it. F<x 
Unee carrying 10 tone per hr, loi^s ate 360-400 lb and ratio is nearly 2% of hourly tonnage; 
for 100-160 tone per hr, loade are about 1 800 lb and ratio is 0.8-0.56%. Speed of running 
tope is about ‘MO ft per min; distance traveled per hr divided by number of loads fP'ves the 
esarrier spacing; see Eq 26 (Art 2), which reaches same result by difiFerent anfdysis. 

For a tramway of moderate gradient, over rolling country where towers can be placed 
at short intervals, the running-rope tenmon at highnt point determines nse of rope; fer 
tension due to loading, see Eq 29 (Art 2). As the wt per ft in the equation must include 
that of the running rope, the rope sise is found by assuming a wt, say 1 lb per ft for lines 
carrying 20 tons or less per hr, and 2 lb for heavier tonnage. Tot^ tension equals Ibe 
above, plus half the wt applied to tension sheave at lower end, which may be taken as 
10 000 lb, and a cast-steel rope with a breaking strength 6 times this tension is chosen. 
The actual wt of this rope is then used in Eq 26, giving a closer value for tension. By 
a few trials a suitable rope ie found; if a,rope of cast steel is too large, use a plow-steel rope. 
The tension wt at lower end must be such as to prevent excessive sag; it may be the only 
source of tension in the running rope for some distance from lower end. Here the need for 
large tension can be reduced by making the tower spacing less than at higher parts of the 
line. Tension varies from a max at the highest point to a minimum at the lowest. If 
rope is too small, there may be steep slopes at upper ends of inclined spans, exceeding 
those at which box-heads will hold. These slopes may be reduced by shortening the mans 
and holding the rope nearly up to its chord. Attempts to decrease sag by increasing the 
tension wt at lower terminal sheave adds to rope tension throughout the line, which must 
be considered. On clip tramways, steep slopes offer no difficulties from endwise slipping. 

After the proposed profile has been plotted, the tramway can be laid out by methods 
analogous to those in Art 5, 6. The process is simpler than for a bi-cakle tramway, as the 
running-rope tension is less for the wt carried than that of track cables; hence the rope can 
follow the toiwgraphy more closely. The running rope is supported on each end of top 
beams of towers by 24-in sheaves, and, to limit bending stresses, the deflection over any 
sheave must be moderate. On clip-type mono-cable tramways, where running rope is 
0.625 to 1 in, and tension is low due to light loading, one 24-in sheave is set on each e:^ of 
tower beam; for larger tensions, one 36-in sheave, or a pair of 24-in, may be used on loaded 
side. On box-head tramways, the running rope and its tension are often large, so that the 
rope approximates the curve of siieave, if only one is used, giving high bending stresses. 
Hence a series of 4 to 6 sheavou with equalisers is set on loaded side to distribute bending; 
fewer are needed on empty side. If a tramway makes large vert angles over summit 
towers, 2 series of sheaves may be used; or, in a severe case, a summit structure with sev¬ 
eral dusters of sheaves may be substituted for a tower. Such structures are like Fig 26', 
except that the running rope and sheaves would occupy the top instead of cable and 
saddles. In makin g a large deflection angle over a sheave the rope tends to conform to 
the sheave, causing great bending stresses. But, with a small deflection the rope curve 
has a much larger radius than that of the sheave (sec Sec 12). Thus, in a series of sheaves 
at 36-in centers, and a chord deflection of 2*^ at each, if the rope is assimrd to bend to a 
uniform curve like a solid steel bar, the radius of rope curve will be 86 ft (Fig 12 and 
accompanying discussion). The total deflection angle between tangents to rope on both 
sides of a summit, divided by chord deflection angle between sheaves, gives the number of 
sheaves required. 

Long spans. If the country is rough and a long span is needed to cross a depression, 
the tension required by this span influences the tot^ tension. The tension in this span is 
found transposing Eq 2 (Art 1) thus: t = uw* + 8 fc, in which ta = wt i)er ft of running 
rope, plus the uniformly distributed wt per ft of loads on span (see discussion of Eq 33, 
Art 6). If the long span has a steeply inclined chord, the tension formula must be modified 
as under “ Horis tension,” Art 1. If the long span is near the upper end, its tension may 
not exceed that due to difference in elev between that point and the lower terminal; but, 
if near the lower end, the required tension must be supplied by the tension weight; this 
affects ^e whole line and may need too large a rope. If so, tihe line nmy be in 2 sections, 
one including the long span, the other having a tension due to its gradient and a moderate 
tension weii^t; or, it may be bmt to change to a bi-cable tramway. 

Bxaajpt* iUustratinx design of a mono-oaUe tramway for 160 lt«g tone p<9 hr (4): horie length, 

6 ft; fall, 623 ft; max horia apan, 690 ft; penniasibie aag when loaded, 62 ft; aaeumed position 
ef long epan'h lower end, 4 200 ft horn lower terminal and 300 ft above it; gradient of apan ehord, 

1 la 16; loaded oarriera, 2 464 lb, spaaed 140 ft, giving uniformly dietrUiatedload ci 17.6 lb per ft; 
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iMtttn* 1.3&4& idow-«t«d raniuns rope, et 2.7 lb per ft, breeldng etrength, 115 600 lb; then, total 
lead m 20.3 lb per ft. Theae dsta, eubetituted in Eq 22 <Art 2), give elope of tangent to rope at 
lower end long span, 0.2348, and at upper end, 0.3681, oorreeponding to grades 18” 13' and 
20” IV respectively. The horis tension at any point of a rope curve, from E4 17 transposed, is: 
t i- wsl 4- 85 cos ■, in which a ■■ 3*40' inclination cf chord, and cos « i- 0.9978. Solving, the 
horis tensioi: in long Bi»n is 28 284 lb. Rope tensions at ends of this span, by Eq 4 (Art 1), are: 
lower, 23 900; upper, 24 800 lb. From upper end of span to uppM' terminal, the rise is 277 ft in 
8 235 ft horis; this idves rope tension due to loading (Eq 20, Art 2) of 4 400 lb, which added to 
uppw Bpan>end tension gives max rope tension at upper terminal of 29 200 lb. As the rope's bieak- 
ing strengtlj; is 115 600 lb, the aidety factor is 3.96. For these conditions, the tension wt at lower 
terminal — 2 X (23 900 — 4 400} 89 000 lb. Kota. In this example, of a tramway built in 

1912, the author had to assume some data not given by Blyth (4), but the results are clcee to hie 
final figures. The author believes the conditions ate too severe for a single-rope line, and that a 
bi-caUe, in which max traction-rope stress will not exceed 10 000 lb, would be preferable. 


26. SPECIAL APPLICATIONS OF TRAMWAYS 

In the U S, tramways are chiefly for long distance transport over rough country. In 
Europe, where indiurtrial plants may be cramped for space, aerial transport leaves the 
ground free for other purposes. This fact bos emphasized certain features less common 
elsewhere. The first cost of such installations is secondary to low operating cost, safety 
or effio. 

Indnstrial tramways must provide for loading and discharging at fixed points, which 
often results in angles, steep grades, and automatic loading and discharge. 

Exsmplss. (A) A complioated bi-cablc system was installed at Imperial Chemical Industries. 
Billingfasm, England (29), comprising a main line, feeder tramway and several minor lines. Main 
line oarriw 170 tons per hr, plus 35 tons per hr from the feeder. Locked-coil cables are 2 Vig and 
1.25-in respectively; breaking strengths, 300 000 and 110 000 lb. Traction rope is 14/ie-in, flattened 
strand; braaking strength, 58 000 lb; driven by an 8-ft triple-groove sheave, geared to a 60-bp 
motor. Buckets weigh 1 200 lb and carry 3 500 lb; they rotate for dumping when latch is released 
by tripper, and are righted by a finger on the bottom, contacting with a spiral rail. Carriages 
have 4 wheels; wheel baee, 3 ft 8.5 in (Maker 6, Art 29). At another part of the plant, 104 tons 
on i>er hr are brought from a mine, and dumped at treatment points by a bi-cable tram¬ 
way (Maker 5). Traction rope is driven from loading terminal, and the line contains 2 angle sta¬ 
tions which the buckets pass without detaching. The cables terminate at the plant and the car¬ 
riers travel on rails, though etUl hauled by the traction rope. The rail section ie at an elev of 
60-86 ft, to leave the ground unobetruoted. To%mit the number of etructures, and to protect men 
working below from spill from buckets, the rails are supported by floored bridges of light trusses. 
Buckets dump automatically at a series of bins. (B) At a dynamite i^ant, a complicated tramway 
was installed to deliver explosive “ dope " to any of 3 mixing houses (13). A carrier took the 
aiding at the desired point, aa determined by a " selector ” on its carriage, set by the diapatcher 
at the loading point. As the dope ie highly inflammable, the loads are spaced far apart on the 
rope, to prevent fire from spreading in ease of accident in any one building tMaker 1, Art 29). 

Aerial dumping provides for dumping loads at any point along the line, by continuous 
or reversible tramways. On continuous bi-cablb ukbs, a tripping device, set at any 
desired dumping point, is suspended from the track cable, has a finger to release the 
bucket luljeh and allows the load to drop. If the load is large, the tripper may be a sizeable 
frame, guyed to the ground to prevent the supporting cable from snapping upward when 
the load is suddenly released and so throwing the empty bucket off the line. When the 
tripper is to be shifted to a new position, a man goes out in a bucket, releases its clamps, 
slides it along cable and reclamps it. Maker 5 (Art 29) attaches a small wire rope to the 
frame, for moving it along the cable by a hand winch at one of the towers. On REvamsiBUB 
TBAirwATB, a tripper like the above may be used; or a mechanism in the carriage toips ^e 
latch: (1) when a carrier has traveled a predetermined distance, a slow-moving disk with 
a crank pin pulls the latch, the disk being driven through gearing by a carriage wheel; 
(2) a device on tiie carriage comes into action when direction of travel is reversed, and 
releases the latch (Makers 1,5, Art 29). The device is well adapted to single-rope lines. 
The reversal can be made manually, or automatically by switches controlling tbs current 
driving the motor. When done manually, a load can .be discharged at any point, per¬ 
mitting the material to be stacked in different piles. With double reversible lines, the 
travel of loaded carrier hannouizee with that of the empty; the loaded carrier being at the 
outer end when the empty is at the loading chute. The dumping point be i^t one point 
for a period and then moved (4). Maker 5, Art 29. With the isoNo-CABijB BTwnac, the 
tr^peT’is suspended from a stationary rope stretched above the tramway, between 2 adja- 
«ent towers. The tiipper frame has a supporting sheave to keep the rope and tripper in 
the propuk' lelatimi for dumping. The towers oanying the stationaiy rope are extmided 



26-44 


ABRlAXi TRAMWAYS A29D CABLEWAYS 


upward, and from them the rope goee to dead meu or to a winch; tiie tripper can then be 
moved by shifting the rope. 

Stocking ere. A Scottish iron idant hm a t»-osUe trsme^ (80b 31} (Makar S). On from R R 
eon sees to a hopper, is oonvejred to 2 storage areas, dumped into piles and reloaded by steam shovel 
into oats going to furnaoes. The piles an 85 ft high and 00 ft base diam. One ana is served by 
outgoing cable, the other by the return oaUa From the loading terminal the cables rin steep^ 
to two 45-ft towers. 125 ft apart, a cable going to each duminng area; them they terminate in 8 
angle stations, connected by a croes cabla These stations have large sheavee to deflect the traetiim 
rope, with track rails t<x the buckets, which ore dumped by trippers. Buckets hold 4 000 lb; look* 
coil Week osbles, 2*in: traotion rope, 1-in; oapoe of line, 300 tons per hr. Buokets alo filled and 
pushed into the running-rope attaoher by 2 men; after dumping, they nturn, an detached auto¬ 
matically, and coast to filling chute. 

Doming 0 ( waste material, os for building embankments, rwembles stook-piUng, eacept that 
the pile is constantly growing. If on level ground, guy^ steel towers, slim or mast-like, as high as 
250 ft, have been used. When they are buried in the pile, the line is extended on new towem (32)'. 
As such tramwan usually run up hill, a power drive is needed (Art 14). Duimira TSBBn.aa make 
very high towers unnecessary. A tramway is built to the dumping terminal; the buckets run 
onto rails on a lattice truss trestle, inclined upward at angle of repose of the waste (say 35*). At end 
of trestle is a large retvun sheave for the traotion rope, the buckets dumping as they pass around it. 
l%e tresUe is extended as required (Makers 6 to 8, Art 20). Dumps have thus reached heights 
of 500 ft. For waste disposal, severtd types of tramway are suitable: twin-cable (Art 22), single- 
or double-reversible (for moderate tonnage and distanoe) (Art 20), and mono-cable (Art 23). 

Loading ships with bulk material, li^ere ships can not be docked, tramways an sometimes 
used. The discharge terminal may be built on bins on an island-like wharf, when water is deep 
enough for sfaipa; the interme^ate towers bring on pile foundations. From the bins, the ship is 
load^ by belt conveyer or other means (Makers 1 to 8, Art 29). 

Freight tramways for bulky materials, built as adjuncts to RRs, to carry goods over difficult 
topography, must be designed for necessary clearance over summits. Carriers are buokets, crates, 
tanks, hanging platforms, cw chain slings for barrels, lumber and pipe (Makers 1 to 8, Art 20). 

Passenger tramways. On ordinary tramways, 2 persons an carried in long buckets, sitting 
faring each other. Some Rooky Mtn mines have no other means of transport in winter. 

Special passenger tramways. About 50 have been built from 1012 to 1936 by Makers 7 and 8, 
for various services, chiefly in mountainous regions. Most of them are of double reversible type 
(Art 20), with 1 car suspended from each track cable; cars hold 20-36 persons; grades, up to 50%; 
carriages have 8 or 12 wheels, with equaliaen to distribute the load; speed, 100-300 ft per min. A 
double nversible passenger line of Bleichert design (Maker 1, Art 29), began operation in 1938 on 
Cannon Mtn, N H; horis length, 6 000 ft, with 3 towers; rise, 2 022 ft; oars, hung from 8-wheel 
carriages, hold 27 persons; running time, 5.5 min; locked-coil track cables; terminal sheaves for 
running rope, 13 ft diam; shook absorbers reduce fore and aft oscillation and brakes seise running 
rope in esse of accident. There is an auxiliary Yope and mechanism to land passengers from a 
siAUed car. Similar Bleichert and Pohlig tramways have bean built in the Tyrol and Swiss Alps. 


CABLEWAYS 


26. GENERAL DESCRIPTION (see also Sec 5) 

A daUetvay oompriseg: (a) fixed track cable; (b) carriage running on cable; (c) hdat- 
ing or4all rope, to raise and lower load by tackle suspended from carriage; (d) hauling 
rope to move carriage back and forth; («) 2 towers; (/) hoister at head tower; (g) owrien 
of various tsrpea. I^g 43, 44 show typical designs. 

Track caUea are up to 3 in diam. locked coil, cast-steel, or plow-stedl where load atreas 
is great. At each end is a swivel socket, for turning the esUe to distribute tihe wear from 
carriage wheels. For cables 2 in diam and over, ball-bearing sockets sre used At one 
«iHi, cable is anchored; at other end, a take^p tackle provides tension. 

Caxxiagea for light loads have 3 track wheels; for heavy loads, as many as 8, mounted 
in equahring frames, which also carry tiie head-block sheaves for hoisting and dumping 
tackles, provide ca||u>sctionB for the hauling rope, support the button rope, and carry the 
tow«r l^n for nifpiTrting the fall-rope carriers. On Iwge eaUeways, 3-wheel carriages 
operfite lb tandem, with considerable space between them, one bring rigged vrith the hrist- 
htohle, the other with the dumping tackle; this distributee the load on tiie cable, and 
ohecim tlm swinging of the carriage when brou^t to a stop. 

Hoisting ropes are cast- or plow-steel, 5/^1 in, with 6 strands of 19 wires; wear on 
doe to briiding is kept low by using large tower sheaves. The rope runs from drum to tto 
head-tower riiesves, thence throuidi the fall-rope camera, over the carriage sheavesi 
■rmmd frih-ldock riieaves, and ends at the carriage. The tackle is usually reaved, so that 
4 parts of ^ rope oairy the load. The fall-rope carriers support tibe rope at intnryals, to 
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prsvent undue easging whoi there ie e light load. The ropennipporting ayetem ooneiats of a 
atationary buttoo^ropet on whioh are placed buttona of different diametera, inoreaaing in 
aiae toward the tail tower; the earriera being fitted with ringa of oorreapondingly increas¬ 
ing siaeB, through whioh the button-rope pnaaea. Theae earriera are atored on the horn 
on the tower «id of the carriage, the one having the largeat ring being next to the carriage. 
Aa the carriage travela from the head tower, ^e firat button paasea throui^ all the ringa 
except the outer one, which ia amaller than ^e button; thia puUa the camera off the horn 
one by one and Beta them on the cable. On the return trip, the earriera are picked up by 
the horn, and kept ready for next trip. 

The entire load aometimea hanga from the fall block and ia dumped or detached man¬ 
ually; or, when the akip ia dumped mechanically, the main fall block ia attached to a 
chain biile on the open end of akip, with a aecond block on the rear end, which ia raiaed 

a dumping rope. In the latter caae, the dumping rope goea back to a third drum on 
the hoiater. Druma, ropea, and tacklea for hoiating and dumping are identical, and operate 
in uniaon until a akip ia to be dumped, when the apeed of one line ia alowed by a clutch and 
brake on that drum, and akip ia tilted. The 2 fall blocka permit handling extra heavy 
loada, by attaching both to a single load. 

Hauling rope haa one end linked to near end of carriage, passes to sheave on head 
toe^r, then down to make several turns on a eoncave-faced drum on the hoiater; returns 
to head tower aheave, paaaea above the track cable to top of tail tower, thence around a 
abeave and back to the carnage. The rope ia usually the same size aa the hoiating rope, 
but haa less bending stress, and may be of larger wires, to withstand surface wear due to 
slippage on drum. 

Towers at each end support the entire equipment and must be high enough for loads 
to be hoisted to the dev desired at any point. Stationary towers are often 150 ft and 
movable towers 100 ft high; uaually of steel. Contractors prefer steel, with bolted con¬ 
nections, so the towers can be taken down and re-used. For btationabt Towsas, the 
cables are anchored back of the tower (Fig 43). When the back cable has the same slope 
as the normal main-cable slope, the resultant stresses are nearly vert, and a 4-leg pyramid 
tower is suitable. Sometimes guyed A-frames or masts are sufficient. Movablb towebb 
are used when the cableway must be moved at mtervab, to serve a large area. They 
are usually steel, mounted on platforms on railroad-like trucks, with wheels on multiple 
tracks. As they can have no anchored back stay, the cables terminate at the towers, 
whioh are designed to take the horia tension. This has developed a tower design (34) 
with vert back legs in tension and inclined front legs in compression; a massive weight 
being placed close to the vort legs (Fig 44). Towers are mov^ by a winch in lower parts 
a rope, anchored at both ends, is given a few turns on the winch drum, and the tower pulls 
itself along the rope. For heavy cableways (as at Conchas Dam, with 1 650-ft span) each 
tower has 2 motors, geared to 4 of the supporting wheels. 

Movable cableways are of 2 kinds: (a) both towers travel on straight tracks; (b) 1 
tmNpf ia atationary, the other moving on a circular track, with the stationary tower aa 
canter of arc. When both move their winches are operated in unison by a switch in head 
tower; rate (A travel, 60-150 ft per min. .\t Norris Dam, 2 cableways (spans, 1 026 ft) 
coves ati 01^ ft long in their travel (36). 

Bodetar comprises: (a) hoiating drum, holding the rope in one layer; (5) hauling drum, 
jMVing wide enough face for the rope, with several laps, to travel to and fro across it (for 
ught work; a capstan-like drum is used); (c) dumoing drum; (d) small auxiliary drum for 
moving towers. Roisters are elec-driven; controlled like elec hoisting engines (Sec 12). 

Carriers. Skips are used for excavated material; chain or wire-rope slings for large 
rocks, quarried stone, or heavy equipment; bottom-dump buckets, sometimes as large,aa 
• 8 cu yd, for depositing concrete. 


27. DESIGN OF CABLEWAYS 

Data raquired: 1, plan and cross-sections, or contours, of volume to be excavated, the 
oeotiooa ahpwing profile max depth of excavation; 2, position and elevation of discharge 
points; 8, kind, sixe, and wt per piece, or per cu ft, of material to be handled; 4, quantity 
haadlsA tons per hr; 6, nature oS power to be used. 

W^aClead aonurtimea dependa on aiae of individual pieces or uiuta. In atrippina it is usually 
dntariniiiad by quantity of looas material to be handled par hr, although wt of aingle bloeka of atone 
BMg ba aoatroUina factor. 

UMb'Wtwaqa logda ia tima^o hoist load, tranaport and dump it, return empty ddp to 
sAanga amuieetions to * load^ akip. Speed of hoiating ia uaually 300 ft per ttin. 
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but may be up to 400 ft; lowering time ie usually lees than for hoisting: with regMunrattve 
braking, speed can be one third greater. Mat speed of carriage along cable, 1 800 ft per 
min; usually, 1 200 ft. Max distance hauled is about 80% of span; aver distance, rardy 

n»r.thui(!0%. H«c., Urn. p« had - j*"*^lg* + + 

hoisting speed hauling spewl 

0.6 min, the last item being allowance for changing and dumping. Round trips are often 
made in 2 or 3 min. As cableways are intermittent conveyers, with limited max speed, 
large tonnage can only be handled with large loads. 

Site of cable depends on gross load, .span and allowable deflection. In beg i n ni ng a 
design, assume a deflection of 0.05 of span, when load is at center; if this deflection gives 
towers of reasonable height, it is adop^ and tension in cable is found by solving Eq 14 
(Art 2) for f; but, as both w and t are unknown, see Table 1 for the relation between tlum; 
u> can be expressed in terms of (. For 1.5 to 2-in loeked-coil, cast-steel cables, f 9 SOOw 
(approx): for 2 to 3-in plow-steel, 1^ 12 600tc, when the minimum safety factor used is 
3.5. If the 5% deflection requires undesirably high towers to clear obstacles, the tenrion 
is increased by using: (a) larger track cable; (b) cable of higher grade steel; (c) a smeller 
safety factor, unless the minimum factor of 3.5 has already been used in the trial calcula* 
tion. This factor is small, but sufficient where the max load is definitely known, because, 
the strength of cable is accurately determined and not subject to shock loading. Also, a 
taut cable suffers less from bending under the wheel load than a slack one. On long spans, 
the deflection increases faster than the span, due to wt of cable (see Eq 14), and it is 
often 0.06 or even 0.065 of span; on short spans, it may be less than 0.05, if load is light 
and cable taut. 

Tension tackle for track cable is of wire rope; it must be long enough to connect socket 
on end of cable with the anchorage, when the cable has been drawn near to final position 
with ordinary tackle. At first the tension rope is passed over only part of the tackle 
sheaves; then, as cable becomes tighter, the rope is threaded over the others for the final 
pull, and is clamped; it may be pulled by a winch-head on the hoister, or by a special drum. 


Path of load. Tension is max when load is at lowest point, and decreases as load moves either 
way. This variation is unknown, hence the equations of Art 1 for deflection, which involve tension, 
can not be used for determining deflection with 
load at various points. Path of load may be 
found approx by aasutning that the two supports 
A and B (Fig 45) are the foci of an ellipse. Then 
lines AC + CB equal the major axis, and the 
ellipse can be calculated. If origin O be at center 
of span, and OC be deflection due to wt of cable 
and concentrated load at center, then OC • H 
(Eq 14, Art 2) ~ the semi-minor axis, while 
CB B the semi-major axie of ellipse. The ordi¬ 
nates of any point P are a and y. The equation of an ellipse referred to ite center is: 

0 * 1 /* + 5*x* - 0*5*. or i/* - 6*(oS - **) + a* (39) 

But 6 H and, from Fig 45, n* “ /,* + (s* + 4); hence, by substituting a series of valuesiior S 4 
corresponding values of y can be calculated and path of load determined for a number of poiote.. 
If s be distance of load from end of span, the deflection at the load is v ~ s (an o, which gives slope 
of chord AP when load is near tower, and this is practically the slope of cable. From last expres¬ 
sion, or from path of load, it is seen that the cable becomes so eteep, os load approaches either 
tower, riiat it ie not feasible to run the carriage within 10 % of the span from either tower. 

Thia method of finding path of loaded point assumes that the sum of the 2 chords AP and PB ia 
Constant for all positions of load, which is not quite true. As load approaches tower, the long 
section of cable will sag and raise the load a little higher than poeition indicated by Bq 39. The 
defleetion is further decreased by the pull of houting and hauling ropes, which take a varying part 
of load in holding carriage on the inclined part of cable. These errors are all on eafe side, as path 
of load is usually ascertained to make sure that the load will clear some object. The same proUem. 
occurs with single heavy loads on reversible tramways (Art 21). Bib 10 a treats of cable spaas aPdi 
length of curve when stretch of cable is included. 



'if 


Towsxs on stationary cableways are designed chiefly to resist the vert resultant of ^a 
cable te^ona; thoae for movable cableways have a base, parallel to line of oablswtiy, of. 
approx hiadi the height. Hence, to overcome the pull of the track cable ud other ropsa at 
top of tower, a balance weight of more than twice these tensions is required at rear oftho 
tower to .resist rotation about lower end of inclined front leg. ^ Towors must ilao bt 
designed to remst a moderate aide pull, if caUe system is out Of lioe, and to rardst. adad 
pms acting on the tower and on the half span of cable and I'Ojpaa. For towaraof aemplda' 
eaUawaya. these ride forcaa require additions to the weighta m the baaak. Tliasa wsl^ilhta' 
are ttsuaiiy precast concrete blocks, which can be removed when towers ere die mentt i d * 
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AEBIAL TRAltWATS AKO CABI^BWATB 


BxoiplM «f Mblravyi. AdraaoM in praeUe* bagaa about 1910, witii 8 plants at ClAroir 
Mcaa* Panama Canal: tpana, 800 ft; oablas, 2.254n: load, 6 tons; 66-ft stesl towara on parallel 
tracks; also hoiatars, 180 bp; travelins spaed, 1 800 ft per min; boisUac, 338 ft. U18 ^ctAU 
Sasv, N Max, 8 plants; spans, 1 420 ft; loads, 10-18 tons; aleo bolster, 300 bp. Boffalo filtsb 
plant, N Y, built 1928. Two spans, 900 ft; load, 18 tons; 86*ft towers, on parallel tracks, traveled 
180 ft per min by engines in towera. Madocn Dah jdant. Canal Zone, built 1932, mark^ further 
progress in heavy-duty work; span, 1 268 ft; gross load, 28 tons; buckets for concrete, 8 ou yd, 
20 tons grOM load; rock skips, 10 cu yd; cables, 3-in locked-coil; 2 carriages ran tandem, each on 
0 wheels, with equallaers; 3-drum hoister, driven by 400-hp motor; traveling speed, 1 200 ft per 
ndn; hoistins, 300 ft, Steel towera, movable 410 ft by 100-bp motor, were on 32 wheels, in 4 groups, 
with eQualisers, running on 2 tracks, 80 ft apart, at 66 ft per min (20, 21). All the above installa¬ 
tions were built jointly by Makars 1 and 12 (Art 29). 

From 1932 to 1938/ 9 other plants were built for 2S-ton loads; and 6 for 15 to 20-ton. Largest 
<d these were 2 spans of 2 878 ft for Hoovxn Dau, Aris. Holsters driven by 500-hp motors; 3 tan- 
dpm drums, 83-in by 70-in face. Traveling towers moved at 80 ft per min by a conoave-faoe wineb 
drum in each tower, geared to 100-hp motor, and controlled from head tower to run in unison. 
On upper deck of each tower Were 2 50-cu ft compressors for operating brakes and clutches. Tandem 
0-wheel carriages, 40 ft apart, were used, preventing oscillation of buckets due to the long drop of 
700 ft; faoieting and dumping lines were 7/g>in plow-steel rope, running through a 4-part tackle; 
roller bearings for all tower sheaves and faU blocks. Tiack cable, 8-in locked-coil. had 6% deflec¬ 
tion with load in middle of span; it terminated at tail tower in swivel sockets for turning, to die- 
tribute wear, and waa tautened by a 10-part take-up tackle, with 1.5-in rope. On this dam wwe 3 
other similar cableways, with shorter spans ;.34, 35).^ Noania Dam, Tenn, has twin cableways, 
each for 18-ton load, but can be combined to lift 36 tons; spans, 1928 h; 34n cables; towers mova¬ 
ble (36). BoTn.Dxn Dam, Aria, cableway was designed for 150-ton loads (largest on record). 
Span, 1 286 ft; loaded RR cars can be lowered from canyon rim to the bottom, about 600 ft below 
dam. Track cable comprises 6 super plow steel, 3.8-in Lang lay ropes (6 X 37), with wire centers, 
placed at 18.8 in centers. Carriage has 48 wheels, 24 in diaro, 8 on each cable. Hoisting is done 
by 2 auper plow steel 1 Vg-in ropes, with hemp centers, each reeved through twin fall blocks, to 
make two 8-part tackles to an equalising frame from which load is suspended. Hoisting ropes 
wind on 2 drums, 13 ft diam by 17 ft face, each driven by a 175-hp dc motor, but operating in 
unison. Two hauling ropes, same as hoisting rop^, wind on a third drum, geared to a 40()*do 
motor. Speeds; traversing, 240 ft per min; hoisting, 120 ft for loads under 40 ton and 30 ft for 
heavier. Towers: a 100-ft 4-leg steel tower at one end, with tension take-up; at other end, a steel 
and eonerete eaddle; at both ends, the cable is anchored in concrete, which fills a 60-ft tunnel. 
Cableway is a permanent equipment for the power plant (37). 

All of above installatione were supplied jointly by Makers 1 and 12, Art 29. 


28. OTHER FORMS OF CABLEWAYS 

Light cablgwayg are used for sewers, subways, and similar long, narrow, shallow 
excavations (Fig 40). Towers are single A-bents, 25-40 ft high; whole plant designed for 
portability. After an excavation has been made for length covered by 1 q>an, plant is 
liK>ved ahead for another section. Spans about 300 ft long and fall rope carriers usually 
di^nsed with, as empty bucket keeps hoisting rope taut. But if loads ere hoisted near 
oenter of span and run to tail tower, a single-fall carrier may be run out on track cable and 



by a chain dropped to the ground. It is set where it will not interfere wiU» car- 
fringe, but will hold up center of hoisting rope when carriage is at tail tower. 

Equipment. Machinery for a portable cableway for a net load of 2.5 tons on a 300-ft 
gpan conaigts of: 1.5-in cable, with anchorage and take-up fittings; ^/g-in hoisting and 
hnulingropes; carriage with 12-in wheels and 16-in sheaves; fall block with 16-iir sheave, 
to pve a 2-part tackle; 2 fall rope carriers; 5 1-ou yd self-dumping and self-righting tub^ 
48 m wide by 46 in long by 31 in deep; 30-h p reversible hoister, cylinders 8.25'in diam by 
lO-in stroke, drum 24 in diom by 26 in face, hauling drum 25 ip diam in concave face; 
vwt tulmlv boUer, 424n diam by 90 in high; engine car with 10 by 16-ft tim^ platfortn, 
and mounted on four 16-in wheels; 180 ft of 26-lb T rail; 2 towers of 8 by lO-ih 
timbera, 80 fthii^i with l-ht falvanixed guy ropes. Engine and boiler can be mpbujed, by 
else busker. - „ . 
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Capadt^. These plaota will hoist net load of 2.5 ton at 22S ft per min, and convey it at 
450 ft per min. If tubs ue loaded in a trench, 30-40 loads can be handled pOr hr. 

Opmtisg cost. Labor: 1 engineman, 1 fireman (if 8team«driven), 1 signalman, and 
2 dumpmen, when loading wagons or dumping into a hopper. One man can dump buoketa 
when machine is back-filling rear end of trench. These cableways can be moved in 2 or 3 
days with good organisation, if new anchorages (deadman and slings) are set in advance. 
Force: 6 laborers, 1 bandy man, and part of foreman’s time. 

Semi-permanent caUeways have towen, A-framm, or maata of wood or steel. Traok eah>a«, 

4 by 7 standing rope or locked-ooil cable; anchorage ia weighted with rook or concrete Mooka 
Hauling rope ia 0.6 in or larger, with fall-rope earrien of button type. Carriage may have 8 track 
wheels, and, with fall-block, make a 2 or 8-part tackle. Buoketa are bottom-dump, at akips with 
fcnbck-off at open end; tripped by hand, or mechanically by a clamp on hoisting rope above the 
fall-block, or by an arm on the carriage; either device engagee a lever on the skip and releases the 
load. Boistera are run by steam, oil or elec (Miners 12,13, Art 20). Tbeae inexpensive cablewaya 
are applicable where heavier plant ia not warranted. 

Incited cableways ("Blondins") have a high head tower at discharge end and a low one at other 
end. The carriage » held at loading point by an endless rope, pandng around a Iwake aheave at 
head tower; this rope merely holds the carriage in position. When loaded skip ia hoisted to carriage, 
tite brake on the hdding rope sheave is released and the hoisting rope pulls carriage up the ineliaed 
cable. At discharge point, the carriage is held by a “gate," while the load is dump^ and emp^ 
skip hoisted to the carriage again. On raising the gate, the carriage returns by gravity. As one 
rope does both hoisting and hauling, resistance to hoisting with a 3-part fall must be less than 
bluing resistance; hence, the fall-block stays against the carriage during hauling. This requires 
a grade of about 25% in the cable, and limits this type to short spans and favorable conditions. 

Bxcavating cableways are adapted to eases requiring mechanical excavation before transport. 
Obab-buckxt type (with dam-ehell or orange-peel bucket) operates with regular equipment 
(Art 20), except that an extra hoisting rope and drum are needed, with extra sheaves in towers and 
fall-rope carriers. As resistance to lifting the bucket out of the soil after filling adds to the load, 
heavier cables and operating ropes are needed than when digging strmses are absent (Maker 12, 
Art 29). Another type of grab bucket operated by one fall rope has been adapted to cablewajrs 
having grade of 10*’-15*; fall rope hauls carriage and load up grade, the return being by gravity. 
This outfit ia limited to about 600 ft max span. The carriage ia latched to movable stops, attach^ 
to cable at loading and discharge points and the fall block is hooked to oarriage when fully raked. 
Dumping is automatic. After dumping, the bucket k hokted until fall block hooks to carriage and 
unlatches latter, when it k free to return by gravity, latches to stop which unhook fall block which 
descends for a new load. Carriage thus shuttles between 2 stops, the position of which may be 
altered. 

Stocking and reloading can be done with cableways and grab buoketa. Usually, one man can 
operate the cableway. With stationary towers, a long narrow pile can be stocked; if tail tower 
travels on a curved track, so cableway can take various radial positions from head tower, a tri-. 
angular pile can be made; if both towers travel on parallel tracks, a rectangular pile of any length 
can be stocked. These cableways usually have spans of 500-1 000 ft (Maker 12, Art 29). 

Exkting plants have following features: (a) Span, 420 ft; 3.S-ou yd clam-shell bucket; capao, 
350 ton per day of hard and soft coal; max 1 000 ton; both towers travel. (6) Span, 996 ft; 
3.5-oa yd olam-ehell bucket; capao to 225 ton per hr, when stocking and 175 ton w^n reclaiming; 
max, 2 200 ton coal in 9 hr. Head tower k stationary, and 246 ft high to permit bucket to dear 
obstructions; tail tower, 90 ft high and travek on a curved track. Due to conditions, operator k 
at a dktance from head tower and runs elec hoist by dktant control. During 1924-25, it handled 
283 000 net tone, cost for labor, power and lubrication, 3.5^ per ton. (e) Span, 725 ft; 3.5-cu yd 
dam-ehell bucket; aver capac, 222 net tons per hr. Towers travel on paralld tracks. Total cost 
for hsuidling first 200 000 net tons, 1.77f per ton. 

Stack-line cableways are used to strip orebodies or«oal seams near the surface (Sec 10), 
reclaim mill tailing for retreatment, build earth dams, and dig canala (Sec 3). They 
comprise a track cable, a oarriage from which a skip-like scraper is suspended, hauling 
* rope, high head tower and low tail tower, and a drum on hoistw for rapidly varying the 
- track cable tension. Spans, usually 300-1 000 ft. Towers may be fixed; or ti^ tower 
mcvaUe, for a triangular area; or both towers movable, to serve a rectangular area. 
Speeds: for digging, 100-200 ft per min; hauling, 300-600 ft. Economical loads: i/g eu yd 
for 8(X)-^t span, to 3.6 cu yd for 1 200 ft; digging depth may be 80-100 ft below water line, 
with total lift of 160 ft or more. Some large plants luudle 10 to 16-eu yd loads (38,3S)^. 

In operation, by olackening the cable, the oarriage runt down by gravity until the aeraper 
reaohea the loading point; the hauling rope then puUa aoraper toward head tower, and whan fiUod 
the caUa is tautened to the ecrapor and oimultanaously the hauling rope pulls it to dumptag 
point, where the oarriage engages a stop on the tracik oable. Thua, one opoation digs, oonveys, 
devotes and dumps, a^ at less coat per cu yd, than any other means; oontrdled by 1 sssn 
at head tower (40,4D. Theee cableways are long-distance exeavatote, useful when materiel ki to 
bs delivered at a high point, nw which a drag-line (See 27) k not applieabio. By adding aa onto-' 
haul rope, t^ oaa work vdth s fiat span, tha load being duniisd near till towsr. » 
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AERUL TRAMWAYS AND CABLEWAYS 


29. MAKERS OF TRAMWAYS AND CABLEWAYS . 

I, Amariwa Steel A Wire Co, S50 nfth Are, Mew York; bi-oeble tramwejm, paaeeitcer trenwafii 
wire Top9, treek oeblee 

S. mUet Trunwejr Co, W 29 Mein Are, Spoken^ Weeh: bi>eeble tremweye 
8> bdtentete Equipment Co, 18 W Jweey St, Elisabeth, N J: twin-osUe tramwaya (Lewaon type), 
bi>oable tramways (suoceaaor of Broderick A Bascom) 

4. Ropewaya, Ltd, 152 Great Portland St, London, England; Roe mono-eable tramwaya, bi>oabla 
tramways, oablewayt 

8. Britiah Ropeway Engineering Co, 14 High Holbom, London; bi-oable tramwaya (Bleldbert 

typa), mono-cable tramways, cablewaya (taut- and slack-line) 

0. R. White A Sons, Widnes, Lancashire, England; waste disposal planta, mono-cable tramwaya, 
bi-cable tramways, movable dumping trestles 

7. Bimehert Transportanlagen, Leipsig, Germany; bi-cable, monw-cable and passenger tramways, 
cableways (taut- and alaek>line) 

8b J. Pohlig Aktiengesellacbaft, Kdln, Germany: bi-oable, mono-cable and passengar tramwaya, 
cableways 

9. Ceretti A Tanfanisa. Milan, Italy: tramways and cableway (in use, but present manfg activity 

uncertain) 

10. John A. Roebling’a Sons Co, Trenton, M J: tramways and cableways designed for qieolfio 

projects, wire rope 

11, Moat wire rape makers build occasional tramways or cableways of moderate capac 

13. lidgerwood Manfg Co, 775 Lidgerwood Ave, Ehsabeth, N J: taut-line cablewaya, faoiaters 
18, Sauerman Bros, 438 S Clinton ot, Chicago: slack-line and taut-line cablewaya, noisters 
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tJNDERGROUND MECHANICAL LOADING, 
CONVEYING AND HANDLING* 

1. INTRODUCTION 


Mcohanimiitm of work formerly done by hand hae greatly increased the effio of mine 
labor, thus reducing production costs to meet the long downward trend of the all-commodity 
price index (1). Me^anisation has also tended to offset the pressure of depletion. The 
U S Bur of Mines began investigation of mechanical loading in metal mines in 1919 (2). 
Output figures for mechanisation in coal mines were first compiled by the Bureau in 1928, 
but the data by type of units employed were not available until 1926 (8). For a more 
detailed statement, see Bib (4). 

Isrljr loading machines b metal mines followed the design of surface plant for handling 
earth and rook, as scrapers, belt conveyers and HR shovels. The initial design of coal- 
loading wns/^hiTnw incorporated more original ideas, to meet the relatively simple mining 
conditions in fiat seams. In both fields, the first attempts to design loading machines for 
operating within the prescribed spaces for minimum clearances resulted in many construc¬ 
tion weaknesses and failures. These have been largely overcome, so that the present-day 
loaders are flexible, economically priced, of low heights and narrow widths, and have speeds 
mnH oapso far in advance of current mining requirements. 

Metal-mine loaders comprise scrapers, shovels and conveyers, operated by compressed 
air or elec; coal machines are mobile-loaders, scraper-loaders, pit-car loaders, and other 
oonveyers; most of them having elec drives. All machines of shovel type involve the 
prindplea of dig gin g, lifting, swmging or backward trander, for loading cars; also “crowd¬ 
ing** uid g«.tlnw in g broken material by rotating arms or blades onto a self-discharging 
conveyer; aorspers have the same cycle of loading, transferring to dumping point and dis¬ 
charging, by use of ropes, actuated by a separate power unit. Sometimes scrapers axe used 
for conveying over long distances. 

iBgortnace of mechanization. Primarily, increased wage rates are respondble for 
moohaniaation in mines. In coap minbs, the influence of wage rates on mechanization haa 
been mnmplified in Ill, Ind and the Rocky Mountain regions, which early adopted median- 
ioal loading to reduce costs and maintaiu their competitive position, usually against 
hand-loading mines having lower wage scales. Further evidence of the wage influence is 
famished by rapid increase in mechanizalion in Eastern and Southern coal fields, following 
the upward trend ot wages beginning with the bituminous code. The industty-wide protn 
lem of reducing costs to combat the tkse of oil or elec is another factor in recent progress of 
meehanisation (4). In mxtal hinds, the period once 1879 has been marked by progressive 
delation, which in some fields has largely offset the discovery of new deposits (5); the 
neossslty for cost reduction in utilizing lower-grade ore has been shown by the adoption of 
inschaniaation in the iron mines of Minn and Mich, and lead mines of S E Mo and the Tri- 
State sine area. Faced with increased wages, shortor working hours and highw taxes, all 
branches of mining are realizing the need of further savings in cost. 

Trends in mineral technology are best measured in terns of output per man; from 1880 
to 19M, iron mines recorded an increase from 284 to 2 £60 ton; coal (anthracite and bitu¬ 
minous), 422 to 980 ton; coppw, 9 290 to 44 9<X) lb of metal; phosphate rook, 90 to 1 SM ton 
(0). 'Utough iron, lead and zinc mines have long experimented succearfully with mechan¬ 
ical hMufling and loading, machines have not been adopted as widely as in coal wiieieg, gad 
these are no statistics to show the number of units in use, or tinmage produced. 

Ihr coal, statistics are available from 1926 to date, showing that mechaidcally loaded 
eoal increased from 1879 000 ton in 60 mines in 1928, to 47177 000 ton in 317 mioes in 
198S (6). In 1935, 13.5% of the underground production of bituminous coal and 21.2% 
of anttndte was loaded mechanically. In 1936, the combined coal production mechanie- 
ally loaded or mined by stiipping was 112 309 958 ton, or 22.76% of total output of both 
classes of eoal (7). Table 1 shows trends m mechanical loading, conveying and handling, 
in tSHM of aalM ot equipment in 1987, compared with number of machinea in preceding 
srean 0). A survey baaed upon reports from II makers of shovels and 8 makers of scrapers 
and attaper hoists, shows 3 rearly number sold for use underground in metal and non- 
mstaSie asiuea, as given in Table 2 (1). Many earlier ^rpes were installed bef(»e 1928. 

* Due to the crest ehanges in equipnwat sinw the Second Bditiim of the book was published, 
ttact of this Seenon has been rewritten by Mr. Dike. Incorporated in the Section are data on 
tiat SiAiaots hitherto oontained in Article 03 of Seetion 10. Artiriee 9 to IS herein, originally 
wntti^cr the Fiiet and Seoood Bditions far linooln de Q. Moss, ere included in this rerialon. 
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TftU« 1. BalM of llocboaised Loodlng EqolpiBoiit la IMT. Coaipaiod with RaailMr of 

Maehinoii la Um la Procodlag Toan 


Numbw ol muhiaM in um, u rworted by min* opmton 


1929 

1930 

1931 

1932 

1933 

1934 

1935 

488 

545 

583 

548 

523 

534 

657 

126 

150 

146 

128 

93 

119 

78 

2 521 

2 876 

3 426 

3 112 

2 453 

2 286 

2 098 

99 

140 

165 

159 

132 

157 

179 

(1) 

(1) 

(1) 

(1) 

525 

574 

670 

350 

584 

5 

457 

II 

479 

18 

455 

14 

517 

1 

507 

.... 

.... 

28 

24 

19 

25 

22 

355 

421 

I 

17 

12 

13 

30 


.... 

547 

818 

940 

1 338 

1 563 


I9M 


w * '■ 

I9S7 


■old.io- 
portod by 
26 aukm 


BUuminotu mintt; 

Mobil* loftdm... 

Berapen. 

Fit*ew loallan. 

Conv«yw equip, duok* 
Mile aud other aelf* 

loadMB. 

HaacMoaded conveyen 
Ant^adU Minet (Penn): 

Middle loaden.1 

Ser^ten.} 

Pit-oar loadere. 

Conveyer equip, duok- 
bille and other eelf- 

loaden. 

Hand-loaded conveyen 


980 
I0« 
I 851 


234 

935 


}{» 


483(3) 


I 679(3) 


292 

13 

32 


835 

16 

260(2) 


(1) Number of unite not reported in theee yean. (2) Reported ae face conveyen (hand-loaded) 
ehaker drivea, and duckbills. Sales in 1937 are not exactly comparable with number in um in 1980, 
due to uncertaintiea in definins what constitutea a conveyer. (3) Penn Dept of MinM, 

Table S. 


Sales of Hadergnmad Shovela aad Scrapera la Metal 
aad lfon*aietalllc Miaea 

Pigurea show Mica in continental U S. not including exports to contrac¬ 
tors on construction projects (subject to revision) 


Aa effected by geo¬ 
graphical diatribution of 
mecbaniosl loading, 
equipment differences, 
woge rates and phyucal 
eonditione, the coal areas 
where mechanisation 
advanced farthest to 
1936 were the northern 
Hooky Mountain statea. 

Ill, and Ind, where seam 
conditions were favOT- 
aUe and wage rates, 
from 1923 to 1933, ctnn- 
pued with tiie eouthem 
and eastern fields, were 
relatively high. In 1936, 

92% of the deep-minsd output of Wyo was mechanically loaded; in Mont, 83.2%; in 
Ind, 66.6%; and in Ill, 63.6%. In 1936, the proportion of the W Va output mechani¬ 
cally lo^ed was 2.1%, and in 1936, 7.4%, while Ey records 1A% in 1936. Recently, 
market conditions (ad higher wages have stimulated mechanisation in the Appalachian 
region, and a luge part of the equipment sales reported by makers in 1937 went to the 
bituminous fields of the east and south. The largest installations of mechanical loading 
equipment seem to have been in W Va in 1936 and 1937. Types of mechanieed equitp- 
ment sold from 1933 to 1937 are shown in Table 3 (8). 

Table 8. Mechanised Equipment Sold to Coal Mines, 1933 to 1937 (a) 


Year 

Scraper loaden 
(hoist* or 
oomplate units) 

Shovel 

loaden 

Year 

Sor^)er loaden 
(hoiata or 
eompista dnlts) 

ShoTtl 

loadan 

1923 

254 

57 

1931 

126 

2 

1924 

341 

18 

1952 

104 

14 

1925 

373 

15 

1933 

62 

12 

1926 

284 

56 

1934 

67 

23 

1927 

414 

39 

1935 

135 

44 

1928 

363 

32 

1936 

249 

70 

1929 

645 

35 




1930 

335 

22 

Totals 

3 752 

419 



1933 

1934 

1935 

1936 

1937 

Pensant ineraaM (+) 
or dacraaM (—} 

1937 over 1936 

1.937 onr 1935 

Mobile loadan. 

4.1 

55 

IIS 

344 

292 

- 15.1 

+.153.9 

Scrai^ (6). 

65 

34 

22 

28 

29 

+ 3.6 

+ Ji.a 

Convayan (e). 

396 

610 

681 

994 

1095 

+ 10.2 

+ 60.8 

Plboar loedm. 

.. Ji- 

26 

28 

11 

32 

-f-190.9 

+ 14.3 


^ As^jreported by 29 makan, 28. of whom were, canvjaaad each 3 raar frpic 198 8 te 1988 . 


9) j|ejM>4" —. "wapw bwilem and botttBi 


duelmSs ana etbar 
loadfaui artuihliww. 


ing ba^. A number of Umm, in 1086-1987, were used 


(e) laduto baaddoada^^gmni^g. 




































Main Fnune ttanlfoM -Jib Frame Manifold 
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2. TYPES OF MECHANIZED 
COAL MINING EQUIPMENT 

Thouc^ many types have beea in¬ 
vented since the introduction of the 
Stanley Header from En||land in 1888, 
progress has been measured in terms of 
evolution or elimination, and only the 
major units now being used commerckdly 
are herein described. 

Mobile Loaders 

Mobile loaders are those using: 
(a) shovels; (&) gathering devices. The 
Myera-Whaley and others of class (a) 
force the shovel forward to enter the 
broken coal; then the loading head is 
tilted, and discharges backwards onto a 
receiving plate and into the conveyer. 
Machines of class (b), as the Jeffrey, 
Clarkson and Goodman, have a con¬ 
tinuous chain on each side of a conveyer; 
the chains moving in opposite direc¬ 
tions, and carrying “flights” running 
horiz on the floor to undermine the face 
and gather broken coal into the con¬ 
veyer. Joy machines have 2 gathering 
arms on opposite sides of the loading 
head, which pull down and sweep the 
standing coal into the conveyer, for de¬ 
livering to cars. Myers-Whaley, Jeffrey, 
Clarkson, Goodman and Umeco ma¬ 
chines are track-mounted; the Joy, 
caterpillarmounted. Mobileloaderscom- 
prise scrapers, self-loading conveyers, 
pit-car loaders, and types within each 
class, and are described here in chrono¬ 
logical order of their development. 

Myers-Whaley shoveling and loading 
machine (Myers-Whaley Co, Knoxville. 
Tenn). The first was installed 1908, by 
IVindrock Coal and Coke Co, Tenn. An 
automatic shovel (Fig 1) is mounted on 
a swinging jib, pivoted on rear end of 
main frame, llie jib carries a conveyer, 
delivering from the shovel to a second 
conveyer on a rear frame, also pivoted 
for lateral movement. The truck wheels 
are driven by a reversing clutch, worm 
and chain drive, for moving forward or 
backward. The shovel itself is wide and 
short, supported in inclined guides at 
the rear and moved by driving rods; .it 
has side pieces, connected to the rods 
for tilting. The two sets of driving rods 
are synchronized, so that the shovel 
travels in an orbit, its rear end traveling 
in a plane inclined to the horia. Whttt 
front end is lifted, the material Shdps 
onto a receiving idate. below and be¬ 
tween the guides, and thence to ^ 
convey«t. The machine » driven'h# a 
hydraulic motor on the chassis; hsrwB 
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oontrol file major movemetita, <Hie for forward uid backward movement of the entire ma^ 
obinep another operating the motor which awinga the jib aection, a third raiaea or the 

rear conveyer and the fourth adjuata height of the dioveL By lateral adjuatmeut^tha rear 
conveyer, the material ia loaded directly behind, or into oara atanding on aide tracka. Them* 
m a chine a are of 2 typea: (o) for rock work (Fig 1); (b) the “Automat," for car loading in 
coal mines. The No 3 Automat ia designed for 4-ft headroom, from top of rail to roof, and 
46-in traveling clearance; the No 4 for 6-ft headroom and 4.5-ft clearance. Both have' 
permisaible (inclosed) motors, for use in gaseous mines (Table 4), 


Table 4. Whaley Automats 



No } 

No 4 

Weight, lb..... 

17 500 

19 500 

Length (approx to suit mine car), ft. 

29 

30 

Width (overall track gage to suit), in... 

68.5 

68.5 

Height (paraUd lift, rear conveyer), in. 

44 

53 

Reach of shovel (ea^ side center line of track), ft. 

II 

12 

Width of shovel, in. 

44 

36 

Power consumption (approx). 

1/4 kw-hr per ton loaded 

7 ton per rain total time 

3 ton per rain actual loading time 

Motor (continuous rating). 

Aver loading rate. 


Joy loaders (Joy Mfg Co, Franklin, Pa). An experimental loader was installed in 
Sommers No 2 mine, Pittsburgh Coal Co, Pa, in 1916. The successful forerunner of present 
types was installed in same mine, 1917. The loader is mounted on a self-propelling chassis, 
and comprises: (o) gathering head with rotating arms, actuated through multiple-diak 
clutches set to slip at overloads, which sweep the coal into a conveyer delivering to mine 
cars; (6) csterpillia' traction, having gaged lugs to act as wheel flanges for moving about on 
mine trcusk, and allowing free movement off-track, when loading from floor at working 
faces. These loaders have 2 kinds of conveyers: types 8 BU, 7 BU and 11 BU have a 
single-strand flexible conveyer from gathering head to end of discharge boom, which 
swings through an arc of 45° on each side of center line; and types 6 BU and 10 BU, 
2 douUe-strand conveyers, one from gathering-head to a discharge helper, which is a part 
of the second conveyer and is mounted on a boom swinging through an ar<> of 90° on each 
side. The gathering head moves vertically, and discharging conveyer is adjustable vert 
and huriz by hydraulic pressure, controlled through a multiple-acting valve, placed close 
to clutch levers and motor starter. All the above loaders have a single motor for tramming, 
loading and conveying, and are operated by 1 man. The Joy Junior, built especially for 
thin seams and conveyer transport behind the machine, has 2 motors in tandem, one for 
the hydraulic system and one for each caterpillar, for locomotion and steering. Its total 
height is 26 in. A few models are made with uninclosed elec equipment, but are approved 
by U S Bur of Mines. For lowering through mine shafts of small section, the loaders may 
be disassembled into 3 parts: gathering head, chassis and discharge conveyer. Typical 
units are shown in Fig 2, 3; specifications, for thickness of coal seam from 30 in up, are 
ipven in Table 6. 

Table 6. Specifications of Joy Loaders 



Joy Jr 

8BU 1 

7BU 

5BU 

10 BU 

II BU 

Mpnjt, tftn per min. 

8/4 

11/2 

8 000 

11/2 

21/2 

9 500 

2 

2 

4 

4 

fcon pCT Dlin. 

31/2 
14 500 

31/2 
15 600 

61/2 

61/2 

Total wt, Ib. 

19 000 

19 000 

** hflight, in. 

26 

35 

40 

53 

54 

54 

“ width.'.. 

4'4" 

4'6" 

6' 0" 

6' 0" 

7' 0" 

7' 0" 


17' 9" 

20' 5" 

2y 9" 

24' 6" 

25' 0" 

25' 0" 


40 

55 

yi 

37 

54 

54 

flpa^ nf eAtorpillnr^ Tnin. 

120 

170 

114 

114 

178 

178 


170 

167 

175 

191 

220 

264 

Speed rear conveyer, ft per rain. 

Speed of gathering arms, strokes per min.. 

Maw nf wfkfhmnw Apmn. . 

35 

4' 10" 

42 
y 4" 

37 

6' 8" 

258 

38 

6' 8" 

240 

37 

7' 4" 

”37 

7' 4" 


5 

1 

1 

1 

1 

1 


20 

20 

35 

35 

50 

50 

Crwak-idn digging fmve. lb..... 

3 300 

4 200 

5 750 

5 750 

7 900 

7 900 


JafiMT loadsra (Jeffry Mfg Co, Cdumbus, Ohio). TbU Co, one of the first in the 
fialdt aow offm 2 typea. of mobile loaders: the 44 class, C, CC, D, DD, £ and ££, w'as 
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tocMii^ out in 1029. In the edfi^ropelling. treck-mounted 44>DD end 44>£E mncihhm 
(ng 4), the gathering oonveyer hie • jib with ocmtinuoue ehain "fliid^ta'' running pertly 
on mine floM'to iweep the ooel upward, tiuough a troui^, into the diBchargeoonTeyer. The 
bitter ie raieed or ewung right or left for load^ by rope druxna, which aleo feed it into the 


enuy |o itewg zejg 
-- 


menunfPT 

irntMA 



ooaL The ehamifl carriee the controls for all moTementa. Them era 2 motors, in bofli lioar* 
and govemment-approved types, one in gathering head and one m the cha se i i i 
STaoKiiMM are in 3 siaea, Mgh, studard and low (Fig 4), for rated loading capaci ties of 1 to 
2tottparmin. Mas heights above rails, 43-40 in; ovendl tengtha, 87A-47A ft. 







TTFBS OF MKCHAI7IZED COAL MININO XQTTIPBfEMT 117-07 

A 

TIm tnak-moontod L>400 awdiin*. ntcd M avor of 8 ton par ain (mox 0 too in kMM <Mm1) b 
■iiMdS'iBotand: liaicht, 40 in nbova raik. Tiio gnthorins hood eunriw « douUo-shain on Bi y fy a , on* 
ohnln running elookwia*; the other, oonnter-oloekwiae, on which era nounted **0ighta” aeatine to 
focn en upwardrdng eonveyer. Ilighte run htnia nt level of nine floor to undannine eUadlng 



end v(h« it vritii ndnimom erowding notion. Dbohnrge eonveyer b flexilile rinidbwtraadU 
•dinetelile botin threnib 40* on enah aide of center line, end 18 in vert nbove end betour aenMl 
level line «< the boMa,whiob la pivoted on main ahnaaia. The dheaaia earriae the awtor nad powar 
telB»ietf far all Bovementa, and aupporta gatharing and diaoharga conveyara at the eaaw pivot 
Bydimidit ayliadtn on tite ehaaaia guide aoveineata of both oonvoyaca, with a eantial 


























27-08 VMBBBGBOTnn) MBCHAKICAL LOADDTO 


■tartar aad *‘fiacar-toaoh*' ooatrol, for ona inaa'oparation. The L 400 haa 3 tramming apaada, alow 
*'aomidiig’' and faat travaUag, an automatia oablMaal, troUay pda tMing iqptioaal. 

Ctarkaoii toadar (Clarkaon Mfg Co, NaahviUe, 111) ia trsck-aunwted with 8 main uoita: 
gathariag head, main frame and diacha^ oonveyer (Fig 5). The gathering head, of 244n 




























Elg 5. Clarkion Lowkr 
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telooMS and carry th 0 coal upward to the belt oonv^wiatlw I-beam trough^ Tbegather- 
iuf head ia adjoatable 1^ hydraulic jacks, and is moved medumieally to dtiier side of the 
li ne.^ M ain frame ia supported by heavy axles in a 4-wheel tn»A, a front bumper act- 
ins * swing support for the gathering head, and a rear bumper’as a special support for the 

rear oonvoyer.^ The 35-hp motor is in the main frame, with one-man controls tor all move¬ 
ments. The d i s ch a r ge conveyer, having a 22-in belt and driven by a separate 5-hp motor, 
is adjustable both horis and vert; wt, 18 500 lb; length, 13 ft; width, M in; heiidit, 48 in; 
eapac, 2 ton par min. 

Goodman loader (Goodman Mfg Co; Chicago) installed their first shovel for coal load¬ 
ing in 1924 and in 1933 the first track-mounted conveyer unit was operated in III and Ind 
mines. Type 260 loader (Fig 6) has a gathering bead and front and discl^rge conveyers. 




The head carries 2 chains running in opposite directions, with 4 digging arms and 4 snub¬ 
bing arms, equally spaced end altema^ on each chain; is adjusted vert from 20 in 
below to 38 in above the track, and can swing 45° on each side of center line. Gathering 
medranisms are mounted on each side of the main drsg-fiiiht conveyer, all protected from 
excessive shodcs by a ihpHdutch sprocket geared to main motor. The chassis, supported at 
4 points by floating axles, carries the transmission gearing for low and hifh tramming 
spee^ the 50-hp main motor, and the discharge-conveyer elevating motor, with all otm- 
trols for one-man operation. The discharge conveyer, driven by a separate motm, is else 
of the drag-flight type, and is adjustable vwt from II in above to 37 in bdow the level line; 
of the boom, whuh swings 16° on each side of center line. This machine hue>»»e»dean-ut> 
width of 24 ft, and can work in coal seams to 60-in thickness. Wt, 13 ton; beiilht, 64 in. A 
new Goodman 860 loader, similar in general to type 260, and dsdgned for seams as tj^ is 
4A ft. appeared ia Jan, 1988, 
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UaiMo iMidM (Utility Mine Equipment Co, St Louis) instsUed thrir first mobile 
louder in 1988. Tbe latest type, placed in the St Louis and O'lUkn Coal Go's miaa, lU, 
in 1986. is traoknaaounted. with 2 eontinuous-ohain gathering msohanisms. one cm each aide 
oi the conveyer. Asms extending ahead of the gathering apron sweep the ooid upitard and 
into a drag*flight conveyar. delivering to the disofaarge conveyer, pivoted at rear of tiie 
ch s ssi s, The loading he^ is adjuataUe 64 in vert and swings through an arc of 90*; the 
rear conveyer has a vert adjustment of 24 in and swinge throuid^ 60*. A 15*hp motor drives 
the ^thering head, a 10>hp the ohassiB, and a 5-hp motor the rear conveyer. Height above 
rails, 33 in; overall length, about 30 ft; width, 6ft; approx wt, 11 ton; loading o^;>ao, 4 ton 
per min. 

Scraper Loaders (See also Sec 3) 

The first snthrseite sorspers were used by Lehigh Valley Cool Co In 1014 (10). In 1916, the 
Evens sorsper (Ooodinan Mfg Co) end others were installed by the Hudson Co^ Co, Seranton. 
Evans and Goodman sorapers were first used in bituminous fielth by th* Peniia Cool and Coke Co 
in 1917. Hie Goodman 2S-B eoraper woe the forerunner of several types end sises by tibat Co. 
The number of sereper loaders in cool min« deoUned from 1030 to 1037, eooordlng to makecs' reports 
(11), due to the facts that effie scraper operation demands vary favorable mining conditions, ode- 
quato roof span and roof control (12); and bocause improvements in mobile loaders and eonveyers 
have widened their fields of use since 1034. 

Table 6. Spedfleationg of Goodman Scraper Hoists 



Type 

Motor 

hp 

Anongc- 
ment of 
druuw. 
Fig 6 

Rope speed and pull 

Rope apoo of caoh drum 

Wt with motor, 
but no rope 

Mez 

speed, 

ft 

Min 

pull, 

lb 

Min 

speed, 

ft 

Mez 

pull. 

lb 

1/8" 

W 

S/8" 

»/4" 

7/8" 

A-c 



M36 

mm 

(a) 

300 

825 

125 

1975 

700 

400 





1 825 


IM 

16 

300 

1100 

125 

2 650 

700 

400 




1920 

1 880 



IB 

M 

300 

1 650 

125 

3950 

700 

400 




2070 

2025 


33frA 

19 

(W 

300 

1650 

155 

3 200 

725 

435 

275 



2410 

2363 




46 

300 

2200 

155 

4250 

725 

435 

275 



2520 

2 455 



25 

46 

300 

2750 

155 


725 

435 

275 



2610 

2 455 

1 

336^ 

15 

(a) 

300 

1650 

142 

Mm 

1 100 

650 

425 



2335 

2 290 

■S 


20 

16 

300 

2200 

142 

4650 

I 100 


425 



2445 

2380 

g 


25 

•6 

300 

2750 

142 

5800 

1 100 

650 

425 



2535 

2380 


936 

15 

Tandem 

?n 

825 

325 

1525 

ITTil 

1 150 

775 

520 


3175 

3300 



25 

46 

© 

1375 

325 

2525 

n!x!i 

1 150 

775 

520 


3 225 

3590 



35 

44 

2 

1925 

325 

3550 

2000 

1 150 

775 

520 


3275 

3 650 



45 

46 

2 

2500 

325 

4575 

2000 

1 150 

775 

520 


3 425 

3 908 



Ea 

44 

2 

2750 

325 

5 050 

2000 

1150 

775 

320 


3450 

3950 


36 

El 

Tandem 

S 

3300 

250 

6600 

.... 

m 

850 

m 

. 

4200 

4500 


736^ 

15 

(a) 

300 

1650 

175 

2 825 

El 

500 

325 

215 


3075 

3200 



25 

46 

300 

2 750 

175 

4700 

El 

500 

325 

215 


3 200 

3700 

1 


35 

16 

300 

3650 

175 

6225 


500 

325 

215 


3250 

3 823 

•i 

636 


Tandem 


3 300 


5500 


1300 


Em 

. 

5700 

6000 

I 


75 

46 


5000 

gol 

8250 


1300 

850 



6500 

6780 


536 

75 

k) 


6200 

325 

7600 



IrTMi 

esc 

520 

12 ISO 

13000 


436 

125 

(e) 

EiuE 

13750 

300 

13750 



2600 

m 

1275 

22800 

23 TOO 


Scrapers are primarily for use on long faces, though sometimes applied to entry and 
room loading. The equipment comprieea a movable hoist, driven by compreeaed air or elec; 
ranging from 6 to 126 hp, with 2 or 3 drums, independently controlled, which carry the 
l an gtba of wire rope for travendng the working face. One rope fills and hauls the scraper to 
discharge point; another, attached to the back of scraper and threaded through a dieave 
anohoied at far end of the face, puUa tbe scraper for re*loading. Scrapers are usually “hoe" 
and “boxHihaped" (Fig 7,8); or modified “Hoe" type (fig 9) and are bottomless. TaUe7 
shows their capacities (13). They sometimes have teeth, to dislodge standing coal when 
pulM along the face, l^e to their shuttle-like movements, scrapers ace well suited to very 
than —mw, where coot of removing enough roof or floor material to permit use of mol^ 
loaders would be {uohilative. However, the horis deoranoe needed for soraperg to pam 
between face and prope prevents their use except under favoraUe mining conditions, or 
wl^ Ibagwall mining gan be adopted. In coal mmes, the scrapeti usually dfeoharge into 
» fsedw or elevati^ conveyer to the mine can; for devdopmeat wcNrk, utiliM a oar- 
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loading riide. Depondingupon Mom tiiiekneM, faee length, opnmting speed of soraper, and 
overall effio and coordination of work, soraper4oading outi^ut ranges from 2S to 800 ton 
per shift. Ck»al weighs 80-78 lb per ou ft. Fot wt of soila and other sabetances, see Sec 3. 
M iimhwr of men per crow depends upon above factors, plus variables in oeam eharaoteris* 
tics, wbioh mi^ or may not denial heavy timbering and other ntm-productive work. 
Computation of mucking capao of a scraper involves: (a) nae of body; (8) aver rope apeed; 

(c) distance; (d) overall effic. The ration of 

. ,, C»+ Ta+Ar+R 

these factors u expressed by- .— 

■■ cu ft handled, whore C is scraper capao, 
ou ft; T, gross time, min; S, aver rope sp^. 



ft per min; 
scraped, ft. 

Table 7. 




E, overall effio; J>, distance 


Widths and Capacities of 
Scraper Bodies 


Width, 

in 

Approx eapae, on ft 

Hoe 

Hoe-box 

Box 

Scraper body, 20 in high 

30 


6 

7 

32 


61/2 

7Vt 

34 

6 

7V2 

8V2 

36 

61/2 

8 

9VX 

38 

71/2 

9 

11 

40 

8 

10 

12 

42 

9 

II 

13 

44 

10 

121/a 

14 Va 

46 

II 

13 Va 

16 


Soraper body, 22 in high 

48 

13 

161/2 

19 

50 

14 

18 

20 

52 

151/2 

19 

22 

54 

17 

21 

24 

56 

18 

22 

26 

58 

19 

24 

28 

60 

211/2 

26 

30 

62 

22 

271/a 

32 

64 

231/2 

29 

34 

66 

25 

31 

36 

68 

261/2 

33 

38 

70 

28 

35 

40 

72 

291/2 

37 

43 

74 

31 

39 

451/2 

76 

321/2 

41 

48 

78 

34 

43 

501/2 

80 

36 

451/2 

53 

82 

38 

48 

55 Va 

84 

40 

50 Va 

581/2 

66 

42 

53 

61 

88 

44 

55 Va 

64 

90 

46 

58 

67 


Self-loading duckbill conveyers (Goodman Mfg Co) have a flat, funnel*ehaped load¬ 
ing head which moves upon the floor and to which is attached one or more trougbed pans, 
forming a continuous conveyer from face to point of discharge. The pans, mounted on 
rollers in cradles, and linked together are actuated by a compressed-air or elec motor, 
geared eccentrically to give a slow forward-thrusting motion and quick-lifting return to the 
conveyer. Loading-head is a telescoping double-trough, swiveled at its connection with 
wfaitk, conveyer to allow movement along the face, and has a manually controUed ratcheting 
device to extend the duckbill into the prepared coal, <»* to retract it after the face has been 
oles^ to deptii of cut; a wnveyer section is then added to continue woric on a hephiijr ^ 
prepared face. 

8eif4aadlag eonveyen have flmitad spidleatiob, due to increased matntenanae setts if 

the mtat distsnee for which thv are deeigned is exceeded. They operate beet in flat wotkiap, or 
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idwN cn^tatte an idlglitly in faror dl hwd. Handlad bgr 2 or mom mao; tonaacaa per diift vaay 
widdy oith diflenat eeua oondiUona.^ 

Band-le«d«d ceimiyen, moat need for ooal, eompriae: eiiakmg, dudn-«iid-ffiglit, and 
belt eonv« 3 rer 8 . All are portable and have a' ooupteBeed-air or elec motdr, to which i« 
attached a eeriea of atandardiaed conveyer Bections as the face is advanced. In length, the 
lections usually conform to the aver depth to which coal cutters work, extensions being 
Added as lace advances. In room loading, conveyers are moved into pocdtion aftw the 



undercut is finished, and the shot-holes are drilled and fired; hand shovelers load the ooal 
on to the conveyer. 

Face Gonveyers discharge into the room conveyer, which is placed along either room« 
rib, and extended as work advances. The room conveyer delivers direct to mine can, or, 
in mutt^to-oanveyer workings, to a cross conveyer and cars at a centenl loading pointi 
or to a mainline conveyer belt, for transport to shaft-bottom or to surface. Thouid^ tiie 
w<srk of loading onto 'conveyers is less than for hand loading cars, the conveyer method is 
pTaaiipd hn medhinical loading only insofar as it reduces the heiid^t of dioveling, |md pro- 
yidea oontimioua tnnpport, thweby increasing production per num. Bnt, its effect in 
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initial ooat raduotion ovar hand loading into «ara ia alwa^ wortih oonaidaration, adkla fraia 
ita tendency towanls later lejdaoement by ocanplete mechaniaation. Tbe aaTii^ aboira by 
aver band-loaded oonv^w inatallationa ia reduction in amount of manual Into, or ooat 
aaving due to incrtaaed «ffie of working cyclea and improved tranaport fadlitiea. 



IVnv typea of Goodman ahaker oonveyera ate ahown in Fig 10; their dime nai o na bi 
TaUa 8. 1^ 11 ahowa a Jeffrey ebain-and-^ldit room conveyer, for elevating coal from 
room to mina eara. Weighta: head end, 480 lb; tall end, 220 lb; atandard aactkm, l83 lb 
(an lean power unit and diain); 10 Im motor, 1060 Ibe; c h a i n and ffitfhta per ft, 6JI ih< Kg 
12 ahowa a tsrpieal Joy main-haulage belt oonveyw; Table 8 giving we^ta of pam 
Nearly aU handdoaded oonveywa now have larger power unite, greater widthe and hig^ 
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■peeda lor coordination with high* 4 pMd ear loading maehinea; or, in aome flat annin minw. 
for diaeharging at tha aurface (16). 

**S«blMr4lrad haidagb” ia a raoent davelopment; a eombinatioa of mobile loader and etorage' 
batteiy traotor, with traitor traveling on the mine floor from loader to oonv^or, whidt diaohaigea 
into mine can. 

Pit-car leaden, deaigned to deoreaae height of lift in hand-loading, were fliat Introduoed by 
Jeffrey Mfg Coin 1916, though it waa not until 1928 that large-eoale pit-car loaden were inatalled 
in HI and Ind minea. They are low convene, on which the coal ia ahoveled at almoat floor level, 
for devation and delivery to a car (Fig 12), From 2.to 4 men pick down and ahovel the ooal on to 
the loader, which ia moi^ from face to face aa required. Output per man averagee 20-24 ton, in 
8- to 64t aeansa. 



Fig 12. Joy Main-haulage Bdt Conveyer 



Table 8. Spedlieationa of Goodman Conveyer Drivea 


G-121/2 


Heii^t, drive arma up... 23 S/s in 241/4 in 

Height, drive arma down.... 17 in IS in 

Width without motor. 38 in 38 in 

iWth. 67 in 67 in 

Siae of troud>. 0 0-1 

'*C(mve 3 ring capao. l5-20tonperbr 21—38tonperbr 

VLen^ of tro^ line. Up to 350 ft Up to 350 ft 

Weight, without motor. 1 850 lb 2 150 lb 

Strdrea per «»ip . 70, 74 or 82 75-79-84 

l,ength of atroke.. 4 7/g or 71/g in 7 l/g-4 Vg in 


* For level gradea and aver oonditiona. 


72 in 
0-1-2-3 
18-47 ton per hr 
Up to 330 ft 
2 420 lb 
74-82 
8-5 1/4 in 


30 in 
23 in 
44 in 
94 Vs ia 
0-1-2-3 
19-70 ton par hr 
Up to 350 ft 
4 5001b 
70-77 
9-65/uin 


Table 8. Joy Troughed Belt Conveyefi 


24-24dn bdt conveyer Wt, lb 


Drive unit, including 204n diive puller, 

12-in anub poltoy, 15-hp motor. 3800 

Pap aeae^mhly. 259 

l>oughlng1«fler aaieinbly, Induding 2 idler 
braeketa, 2wad and I center idler..... 34 

Rdomrcller.....^... 28 

Cradle a«mid>ly..-. 47 

Take-up nnit. I 300 


304n belt conveyer Wt, lb 


Drive unit, including SOnn drive pulley, 

baee, 4(!^p motw and oonirollcr. 4 130 

Pan aaeembly. 340 

Troughing idler aaaembly, including 2 
idler braeketa, 2endand I eenterroltor. 58 

Return rdtor. 32 

Cradle aaaembbr. 48 

Eneloaed t«I end..I 500 
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8. VARIABLE FACTORS AFFECTING TYPE OF INSTAIIATIOir 

Local eraditioils muat be atudied carefully, profit realiaed depeudiag tqxm: (a) oisutal 
attitude of management and men towarda machiaea and knowledge by mmw foremen tiw 
prindplea, and the aeleotion of erewa who will endeavor to modify old praotioea to fit the 
maohinea; (b) for coal, the minimum, aver and max thiekneaa, and pitch of the aeam, deter* 
mine aiae and power of equipment for given co^tiona, and to han^e loada at top apeed on 
adverae gradienta; (e) character and texture of coal affect mode of drilling and blaating 
and manner of preparing faces to load out; (d) dae and shape of undercut block, imd aiaea 
of coal desired, affect the choice of loader capac per min and power required; (e) deptib of 
cover overlying the aeam and oluffacter of roof limit the width of working places, and 
determine the method of mining; (/} character of floor. Soft fireclay may absorb enou^ 
moisture to bog down machines and track, or scale off and mix with the coal while being 
loaded; hard floors reduce the grade on which caterpillar machines can maneuver, and 
increase the ooat of maintaining rails for track-mounted machines. Use of mechanical 
loaders ia not much affected by timbering, aa ayateme now employed, even under adverse 
conditiona, afford protection, while aaauring enough dearance for losing and moving; Cf) 
types of loaders suitable for advancing or retreating pillar and long-wall methods are 
important; the mechanical gathering of coal can be slow or rapid, with consequent high 
or low cost per ton. Changing from hand to complete meoh^sation requires an aver 
increase of 1-kw hr of power per ton of production. 

Kinds of equipment for mechanised handling of coal from working face to surface 
preparation plant must be compared for different outputs, to determine loader output and 
cost per ton. Also, a proper balance is necessary between the capacities of coal cutters and 
loading machines, to avoid overtime labor rates. Bottom-, center- and top-cutting methods 
affect results of drilling and blasting, as well as of mechanical loading. An added cost of 
removing banded impurities by careful cutting may reduce the cost of surface picking or 
cleaning plants. Mechanical loading profit depends on net reduction in total costs, not in 
reducing certain phases of operation. For example, while "overshooting” may reduce face¬ 
loading costs, the resulting increase in fine sixes of coal lowers the sales receipts, and miidit 
mean a net loss on mechanised operation, sm compared with hand loading. Tonnage per 
working face and concentration of working places determine the most economical capac, 
sise and type of mechanical loader. Development in wide workings can be done by idl 
loaders, but it is as impractical to apply slow-speed, low-capac units under favorable thick 
seam conditions, as to use high-speed, heavy-duty macUnes for thin seams or other 
adverse conditiona. Thus, a loader of given capac can not be applied as economically to 
double-entry development in a thin seam, where shooting on the shift is prohibited, os in 
6 parallel headings where blasting is permitted at any time. Small toimage from isolated 
parts of a mine can be profitably loaded mechanically if the sise of crew, plus the added 
productive capac of loading machines, is balanced against all limiting phj^cal conditions. 
This is also true where adverse conditiona impose more deadwork cycles, which, in turn, 
curtail available loading time. Tonnage produced per total employes, not the tonnage per 
machine-loader shift, determines the percentage reduction of mining costs. Also, the 
dimensiona and aver capac of cars serving the loader, or the peak capac of conveyers from 
machines to central loading points, or to the surface, affect the aver tonnage per shift 
Track arrangonents for quick ear changes behind loading machinal, and the type of <xm- 
veyers used, relative to the time for adding or taking off sections at conveyer also i^eot 
tonnage per sMft. The number of ears in relation to length of haul, the roimd trips per 
shift and the effic of dispatching loads and distributing empties, are often factors in eco¬ 
nomical mechanisation. Conveyer transport, from working face to a central loading pdnt, 
has largely replaced small-oapac cars; and multiple conveyers, for continuous movement 
of coal fr<»n face to surface, have reduced the investment for transpcnt in new mines. 
Tipple and preparation capac also affect the decision as to introducing mechanisation. 

In changing tmm hand to mechanical loading, where the seam has banded impurities, the 
waste may be separated underground or the entire product delivered to the tipple, thus 
requiring more pickers; in either case, this cost must be deducted from the savings due to 
mechanisation. The saving by mechanical loaders also depends upon contract tmmage and 
day-wage rates, relative to output per man. Aa labor approximates 60% of total mine 
Costs, an amUysis of all operating conditions is necessary in comparing hand loading with 
expected results ftom mechanisation. Since most of the variations are in devriopment and 
tonnage production, all handling costs should be segregated, fwm to main-line trana- 
port, and thence to preparation plant; supi^tomented by cost of mine maintenance, pcqpa- 
ratlon, enipaeering, management, overhead thargee, supplies and power. Table 10 cooitihur 
an itemised list of tiieae variable^ 
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T«dI« 10. Maelwaintioii VariaUM 


1. Attitude of man and manacament towards 

meehanUation 

2. Oparating organisation affio 

3. Kind of mine: shaft, slops or drift 

A Thieknass of saam, minimum and max 
3. Charaoter and taxture of ooal 
A Pitidi of seam 
7. Wet or dry operation 
A Character of floor and roof 
9. Seam impurities, banded or inherent 
to. Depth of cover 

11. System of mining 

12. Panel dimensions 

13. Width of entries and rooms 

14. Longiaee or longwall 

15. Timbering systems 


1A Pillar extraction, advancing or retreating 

17. Surface cleaning 

IS. Power and distribution system 

19. Hoisting and transport 

20. Rail weights, gage and condition of track 

21. Conveyers and their oapao 

22. Aver length of main haulage and tonnage par 

trip 

23. Type, number and eapae of ears 

24. Dispatching system and ef&e 

25. Cutting methods and costs 

26. Drilling and blasting costs 

27. Loading methods and costs 

28. Yardage and deadwork costs * 

29. Contract and day>wage rates 


4 . COMPARISON OF MECHANIZED COAD-MINING METHODS 


Mobile loaders. Their application, to multiple^ntry development (see Sec 10, Coal' 
Mining Methods), where break-throughs and room necks are turned at right angles, 
oauaes difficulty In laying track on curves of a radius permitting easy access of large 
machines. The difficulty may 


be met by driving these open¬ 
ings at angles leas than 90^; or 
increa8ir.g the number of entries 
to 3 or i, with tracks through 
erosscutii for flexible car trans¬ 
port. I'he multiple-entry sys¬ 



tems simplify movements of Fig 13, Conveyer Setup for Driving Haulageway and Air¬ 
cutting and loading machines, coureo Bimultaneeuily 


give more working places, cause 

less interference with mining, timbering, track extension and loader operation, and increase 


production. 

Conveyers may be used in development work for advancing a haulageway and air 
courses alternately, or driving both eimultaneously (Fig 13). Although the latter plan 



Fig 14. toaper Loading in Rooms on tha Retreat System 

Innreeiwi egiiirmnpt cost, it gives fw^ development, probable lower operating eoet, end 
better timing of the warUng cyde. 
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Senpwi, with inclined dide fear loading can in a single hnding, and nwins mined cm 

the retreat by a V-systein, may be used in development 

B (l!ig 14). Borapor loading js also used for bloek and 

longwall work. 

Modified systems of mechanical loading, reoulting 
in greater concentration of work, and more flexible 
trackage for oars behind the loader, are diown in Fig 
15-18. Tlie layouts in Fig 16,17 are adapted to weak 
roofs close to the face. The “funnel system” of tim> 
bering uses 3 or more steel rails or H-beams, on tem¬ 
porary props, set to allow working clearance for the 
loader and which are moved forward after each out, 
permanent timbering being set behind (Fig 17). Where 
roof is strong enough to allow driving wide rooms, the 
props may be centered, with a curved track along the 
face, for loading into several cars while moving past 
the machine (Fig 18). In the thick coal eeams of Ill, 
- a modified room-and-pillar system has triple main and 
Fix 16. Mechanical Loading for douW® P“«>i entries, aU break-throughs and room-necks 
Room-and-PiUar being at 45°. Two mobile loaders, 2 coal cutters and 


Fig 16. MoUle Loader with 
Portable Track 




Fig 17. Loading with “Tunnel 
Timbering’’ and Steel Beams for 
Weak Boof 



Ifg 18. loading on CireuUr 
Tn^ 
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2 drilling cr«ws rotate work in 9 rooms on each aide of panel enIrieB, one devdopment 
loader, double-duft, keeping pace with 4 room loaders on sinde i^ft. 

Room prodoction hy conveyera (Fig 19). A twin-room set-up. with one loading point, 
requires m oroas conveyer to the car loading boom. Fig 20 shows oomlnnatkai Joy ehain> 



Fig 20. Joy Chnin-and-flight and Trough Fig 21. Doable>traoked Room 

Belt CoDveyera in Thick Indiana Coal Beam 


and-flight conveyer, with trough-belt for transport to surface (first installed in Goose Creek 
mine, Ky, in 1937). In the thick coal seams of Ind, the advancing rooms are double-tracked 
and break-throui^B cut half through the pillars on both sides to give more faces for con¬ 
centrated loading (Fig 21). High-tonnage production is made by mobile loaders in 6A-ft 





8tumi« I and J and chain pllUn K and L ara 
loaded out bjr hand, dutblc-ablfi bail*. Stumpa 
M and N alia are loaded ont hr hand, ilafl* 
■hin. ReeoTerr<>{theitttinpi and chain pillan 
li tccompllihid hr man celaiMd tram all but 
on* ineebanIcaHoadinK nnit on each iblft. 

- The latter erewi are amplorad la advanelnt 
|H roomi C and P with the loadiar machlnef, th* 
crewi alternatiae betwren the two placei. 
When ttumpi and ebaln pUlan ar« reeoforod. 
Bonul operation biglai la roomi E,P,a and H 


‘ Fig 22. Pillar Extraction by Mobile Loader and Band Conveyers 


sesims in Ind and n<vthm« West Va; and oomplete pillar extraction by mobile loader and 
ecinveyeg in a 42-in seam, southmn West Va (Fig 22). Idesl face preparation for mechanical 
load^ yeqaixes m oomplst^ kwaened facet without excessive breakage of oosL 
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6. TRANSPORT FOR MSCHANIZSD MINING 


Bo(2i locomotive hsula^ and machine loaders require heavy raila, up to 70 or even 
00 lb on entriM, instead of the former 30-40 lb. Cara alao are larger; in 1938, an Ill mine 
introduced a 10-ton car (14-ton capao with aideboarde). In room-aixd-pillar rwiniiig vith 


Sooma, 280 ft deep 




Mode of Bridging OonTeyer 






Joy Elerattng 
ConTeyer 




Bridge '^Mother chain conveyer, 

for 8 rooms and pillars 
Boom conveyer to bo used 
to retreat this chain pillar 



Fig 23.' Chain Conveyer System, Pittsburgh Seam 

mobile loaders, ideal car servicing requires trackage for continuous trips of empties pulled 
past the loader. Rocmt conveyer transport behind loaders permits continuous movement 
of coal from face to car-loading point or to surface. Typical mobile-loader ina tallittion, with 

conveyer transport is shown in Fig 23. Fig 24 
shows hand loading onto multiple conveyers, 
discharging into a main-line unit delivering 
to cars at the entry, with one loading machine 
for the panel. Rubber-tired haulugB recently 
installed, comprises tractor-trailer units run¬ 
ning from loading machine to a central dump¬ 
ing point, for delivery to surface. For 
already having mechwical loaders, this equip¬ 
ment affords flexibility of lia ulgge at rela¬ 
tively small capital cost. The added equip¬ 
ment cost at a mine of Ingle Coal Co, Ind, in 
a 6-ft seam, was about $23 000, of which 
$10 750 was for 6 tractors, $3 410 for 5 trail 



i RaqnlrM: 

11 GftCberIng ConveyM 
14 Bmib Canv«y*r» 

14 Fae* Oaovayan 

QUADRUPLE ROOM SETUP 
WITH SINGLE LOADING POINT 


Fig 24, Quadruple Room Setup for Hand- 000 for dvmp hopper-feeder-conveyer, 

load^ Conveyera, with One Macniae Loading W 440 for 2 transfer trucks, $1 200 for 30-^kw 

battory-charginggenerator, and sundries $900. 


Point 


Already in use were 2 cutting machines,-2 
loaders. 2 eleo drills and the tractor batteries. With this equipment a force of 23 men 
delivered 900-1 000 ton of mine-run (720-800 ton clean coal) to the slope bottom every 
7 hr. Max product per shift, 1035 ton of mine run (830 ton clean coal); aver, July 1938 
750 ton prepared coal. * 


6. COORDINATION OF MEN AND EQUIPMENT 

Operating cydee are: (o) face preparation, cutting, drilling and blasting; (5) 
and transport; (c) elean4up, timbering, track or conveyer extension. Loader crews are 
12-18 men for large madunes in thick seams, to 5 or 6 men for small units in thin seams* 
oorreot number depends on character of seam, mining method, and Htid of auxiliary equip^ 

Profit possibilities. The following example u based on emulitions in certain twit... 
of Missiaaippi Bivm, and aver wage rates. The assumed type mine has favoraUe opmeting 
conditions, induding good roof and a 6-ft coal seam; output, on deciding to Abpwgff Smin 
hand to machine loading, 2 600 ton per shift. Development'{dan, rocan-end-pillar r— 
with trijde mein entries, was continued with mediaaieel loadmg. To 
hage, 2 loadera were used in narrow work; 4 lor wide work. Table 11,12 durw am 
wages for delivering output to tiie nuun^iBe parting. Based on avw time distribution ibr 
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TaU* 11. Crew Makevp; IMaa for 
S Loaders 


Narrow work 

Number 
of men 

Total cost 
per day 

Foreman (48.00 per day)... 
Catting and drilling men 

1/2 

44.00 

(46.66). 

4 

27.44 

Shotfirer (46.86). 

1/2 

3,43 

Loader operator (46.86).... 

I 

6.86 

Loader helper ($6.00). 

1 

6.00 

Motorman (46.16). 

I 

6.16 

Brakeiuan (46.00). 

1 

6.00 

Track and timber men X46.00) 

2 

12.00 

Face laborer (43.76). 

1 

5.76 

Totol. 

12 

$77 65 


Table it. Crew Hakeap; 1 Maa for 
a Loaders 


Wide work 

Numbw 
of men 

Total oost 
per day 

Foreman (48 per day). 

1/2 

Bsa 

Cutters (46.86). 

2 

HSiZl 

Driller (46.16). 

I* 

■ns 

Shotfirer (46.86). 

1 

6.86 

l.oader operator (46.86).... 

I 

6.86 

Loader helper ($6.00). 

1 

6.00 

Motormen ($6.16). 

2 

12.32 

Brakemen ($6.00). 

2 

12.00 

lielay motorman ($6.16)... 

1/2 

3.08 

Trackmen ($6.Cli). 

2 

12.00 

Timbermen ($6 00). 

2 

12.00 

Faecnien (43.76). 

2 

11.32 

Total. 

17 

4106.32 


* Pro rata shoco of total drillers. 


Table 13. Loading Rates 


Narrow work 

Minutes 

Shift 
time, % 

Loading, 1,5 ton per min... 

193 

45.95 

Car changing, 1.5 min per car 
Moving loader, 5 min per 

90 

21.43 

move. 

60 

14.29 

Safety factor, delays. 

77 

16.33 

Total shift time. 

420 

100.00 


Table 14. Loading Rates 


Wide work 

Minutes 

Shift 
time, % 

Loading, 2.5 tun per win.... 

192 

45,72 

Car changuig, 1 min per car.. 

100 

23.81 

Moving loader, 4 min per 
move. 

40 

9.52 

Safety factor, delays... 

88 

20.95 

Total shift time. 

420 

100.00 


Table 16. Time Study after Installation 


Operation 

Minutes 

Percent 

Direct 

cost 

Loading. 

172 

40.95 

443.62 

Car change. 

156 

37.14 

39.56 

Moving loader. 

35 

8.34 

8.88 

Car shortage. 

27 

6.43 

6.85 

Late start. 

30 

7.14 

7.61 

Totals... 

420 

100.00 

$106.52 


Aver shift, started, Sam; aver shift, finished, 
3 pm; aver ton per car, 4.4; aver oars loaded per 
shift, 78; aver ton per shift, 343. 


Table 16. Loader on Development 


Operation 

Minutes 

Percent 

Direct 

cost 

Loading. 

155 

36.90 

428.66 

Car change. 

96 

22.86 

17.75 

Moving loader. 

45 

10.71 


Cor shortage. 

84 

20.00 

15.53 


40 

9.53 


Total. 

420 

100.00 

477.65 


Aver time shift started, 8.10 a m; aver time 
shift finished, 3 p ni; aver tons per car, 4.5; aver 
cars loaded per shift, 48; aver tons per shift, 217. 


the loaders after partial coordination was effected, optimum estimates were made of load- 
ingrates and time factors for delays (Tables 13.14). With 23.2% (580 ton) of total product 
from 2 crews on development, and 76.8% (1 920 ton) from 4 crews on room faces, an aver 
output of about 27.25 ton per man-ehift, at cost of 23.23^ pier ton, was expected. Two weeks 
after installation, time studies on one wide-work machine for 4 shifts, showed (Table 15) 
that 86.43% of time, or $02.06 in wages, went to loading, car changing and moving machine 
from face to face, and 13.57% ($14.46) to time lost waiting for empties, and late starts at 
face. Output was 8 tons less per unit crew, and labor cost 9f! more per ton than forecast. It 
might seem that, if lost time could be saved, 57 min would be gained for loading, car and 
machine moves, or about 13.5 more tons loaded per shift than in Table 14. But, total pos¬ 
sible output would still be 124 ton below original estimate; and further study shows actuid 
loading rate is 2 ton per min (not 2.6); that car-change time is double the estimate, and 
that the loader moves take 20% more time than warranted by distance covered. Also, it 
was found that the cutting machine men were not making the cuts for best blasting results 
rapid loading. The shot-holes were not drilled horis as planned, and the breaker, rib 
top shots not placed high enou|^. Excessive time for car changing and moving thp 
loader was x^^^rtly due to lack of crew experience, and to the f sict that at first only alternate 
svQSBeutb were tracked. 

'Table 16 shows aver of 3 consecutive-shift studies of 1 loader, which moved from face to 
fa«is as peir estimate. Eiw preparation gave loading rate 1.4 ton per min, only 0.1 ton 











































































27-22 
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TaU* it. Rendti of 108 ^nmo Stadieo 


Qpsntlon 

Minutes 

Pereeat 

Diree# 

cost 

Loading. 

181.5 

43.17 

$43.98 

Car change... 

86.7 

20.64 

21.98 

Moving machine.... 

43.3 

10.30 

10.98 

Faess not inepared (a) 

25.1 

5.98 

6.37 

Transport (6). 

42.8 

10.19 

10.86 

Power (e). 

11.2 

2.67 

2.84 

Supplies (d). 

7.0 

1.67 

1.78 

Maintenoaee (•). 

22.6 

5.38 

5.73 

Total. 

420.0 

100.00 

$106.52 


Aver time ehift eterted, 7.30 ■ m; ever time 
•hilt esdedi 3.00 pm: ever tons per oer, 4.802: 
ever eers landed per shift, 06.312; ever tons per 
shift, 462.6. Delevs, due to: (a) cutting, drilling, 
UH«hg, tireokena timbering; (b) wrecks, derail¬ 
ments end leek of cars; (e) no power, low voltage, 
cable end other repairs; (d) lack of supplies at 
feees end distributing system; (e) mechanical 
failures of all equipment. 


TaUo 18. Aroldeblo Delays, Referring to 
Table 19 



Looses indicated per shift, 
by 108 time studies 

dBMlQOBtiOn 

Minutes 

Percent 

Direct 

cost 

Faoei not prepared. 

Tranaport. 

Power. 

Supplies. 

Maintenance.. 

25. 1 
42.8 
11.2 
7.0 
22.6 

5.98 
10.19 

2.67 

1.67 
5.38 

$6.37 

10.86 

2.84 

1.78 

5,73 

Total. 

108.7 

25.89 

$27.58 


Aver delays per shift 

Operating delays nsrpct 

Minutes Percent 


Preparation: 


cutters. 

2 1 

drillers_ ..... 

4.6 

shotfirers. 

13.0 

trackmen. 

4.3 

timbermen. 

1.1 

Tranaport: 


main-line wrecks. 

4.7 

derailmenta. 

16.0 

no empties. 

16.2 

blocked loads.... 

5.9 

Power! 


power off. 

1.3 


low voltage. < 
loader cable. 


locomotive cable.. 

6.8 

.0162 

1.72 

Supplies: 




laek of timber- 

1.2 

.0029 

0.31 

lack of rails. 

3.0 

.0071 

0.76 

lack of ties. 

2.0 

.0048 

0.51 

ledc of lubricant.. 


.0019 

0.20 

Maintenance: 




eutterfadure. 

2.5 

.0060 

0.63 


drlB failure. 

loader failure. 

vefaihire 


108.7 1 0:2S89 


0.18 

0.23 

4.69 


827.58 


lees than estimated, but ear-change bhhmd 
the loader was 26% alower, due to li^t 
locomotive used, requiring 3 two-ear teipe 
to load out 1 cut; heaviw locomotiTe eav^ 
a third of the time. Faulty diepatching of 
empty care called for more storage partings 
near working places. Idle time of devetop- 
ment crew, due to car shortage, coat $46.50, 
or 20% of wage charge. Records covering- 
narrow- and wide-work machines for tihe 
first 6 montilm of mechanical loading are in 
Table 17. These machines loaded about 
74% of daily output in 6% less time than 
estimated; total tonnage, about 4% less. 
But avoidable delays showed a correspond¬ 
ing increase, totaling 109 min. TaUe 18 
classifies avoidable delays, and, using the 
direct cost factor for each operation, the 
dollar losses for the 108 shifts in Table 17 
were: faces not prepared, $687.96; trans¬ 
port, $1 172.88; power, $306.72; supplies,, 
$192.24; maintenance, $618.^; total, 
$2 978.64. The 25.89% avoidable lost time 
for 1 loader is $11 914.56 for the 4 wide- 
work loaders. About 78% of room prepara¬ 
tion losses were due to delays by cutters, 
drillers and shotfirers, and 22% to incom¬ 
plete tracklaying and timbering; hence, it 
was decided that cutting and blasting, and 
distribution of supplies bo done on night 
shift, track and timbermen on day shift to 
follow the loading cleanup of wide faces; 
also, because transport losses accounted for 
more avoidaUe delays than other opera¬ 
tions, all main and secondary trackage was 
realined, regaged, ballasted, and curve radii 
lengthened and banked for higher speed. 
With an indicated loss of $5.25 per machine 
shift for wrecks and derailments, about 
$2 168 could thus be saved in labor cost. 
As maintenance losses were about $2 475 
for the 6 months, all equipment was tested 
daily. Table 19, 102 time studies for first 
6 months of mechanical loading, shows a 
nearly perfect production cycle, only 3.86% 
of time being lost by delays. This high affiu 
is due to concentration of working places 

Table 19. Development-machine 
Performance 


Operation Minutes Pracent 



laek of haulage eoardination. (b) Driaysduste 
power, meShaniesl faflurse, elo. 

Aver tims stsrtsd, 7.80 a m; avw time 
shift finished. Spin; aver teat par esr,4.7l aver 
sars loaded per shift, 89.149; torn permit, 38^ 


50.48 139.19 

26.33 20.45 















































COOBDINATION OF MEN AND EQtTlFMENT 27*23 


ia the triple-entry esrstem, where 3 heedinga and at leaet 2 crosacut faeea are always avail¬ 
able for the machine loaders on the advance, and 2 headings. 2 crosscuts dud 2 room-necki 
in panel devebpment. Loss in the period, $712 for the 2 loaders (20). 


Examples of Medianized Coal Miniiifi' 

Knox Consol Coal Co, Bicknell, Ind, operating in 2 v^na about ft thick; the output of 7 
mobile loaduu, 3 car loaders, and hand loading (149 machine-men working 1 030 hr), was 3 250 ton 
(Table 20). 


Table 20. Xnoz Consol Coal Co, Average Daily Peifonnance, by Joy Loaders 


Day work: 

Machine-men. 

Helpers. 

Drillers. 

Helpers. 

Loader operators. 

Helpers. 

Clean-up men (a). 

Tracklayers. 

Timbcrmen. 

Gathering motormen. 

Trip-riders. 

Loading-unit bosses. 

Cagers. 

Couplers. 

Car greasers. 

Main-line trackmen. 

“ motormen. 

“ trip-ridere. 

Relay motormen. 

“ trip-ridere. 

Electricians. 

Helpers, repairmen. 

Wiremen. 

Pumpers... 

Firebosses. 

Night work: 

Blasting. 

Loading spilled coal. 

Recovering steel. 

Supply men... 

Road cleaners. 

Repairmen... 

Greasers on machines. 

, Total. 

Tons produced by mobile loaders per day 
Total tons produced per day. 


Wage 

per 

shift 

No 1 mine 
(4 Joy loaden) 

No 2 mine 
<3 Joy loaden) 

Men 

employed 

Hours 

work 

Men 

employed 

Hours 

work 

$6.75 


4 

28 

3 

21 

6.75 


4 

28 

3 

21 

6.15 


4 

28 

3 

21 

6.15 


4 


3 

21 

6.75 


4 

28 

3 

21 

6.75 


4 


3 

21 

4.57 

Vi 

4 

28 

3 

21 

4.57 

Vi 

4 

28 

3 

21 

4.57 

Vi 

4 


y 

21 

5.14 


4 

28 

3 

21 

4.69 



28 

3 

21 

6.75 


4 

28 

3 

21 

4.57 

Vi 

1 

7 

1 

7 

4.57 

Vi 

1 

7 

1 

7 

4.57 

Vi 

1 

7 

1 

3V» 

4.57 

Vi 

1 

7 

1 

7 

5.14 


2 

14 

2 

14 

4.69 


2 

14 


. . 

5.14 


2 

14 

2 

i4 

4.69 


2 

14 

2 

14 

5.64 


1 

7 

1 

14 

5.64 


3 

21 

2 

14 

4.57 

Vi 

2 

14 

2 

14 

4.57 

Vi 

1 

7 

1 

7 

5.50 


3 

21 

2 

14 

6.15 


4(6) 

28 

5(6) 

21 

6.75 


2 

14 

2 

14 

4.57 

Vi 

2 

14 

2 

14 

5.14 


1 


I 

7 

5.14 


2 


1 

7 

4.69 



HN^H 


7 

5.64 


1 


1 

7 

5.64 


1 

■H 

1 

7 

. 

83 

581 j 

66 

465.5 


1 325 

2 000 (e) 

I 100 

1 250 


(a) Prepare places tor cutting, 
hand-loading. 


(6) Blasting for all loading units. 


(e) Including 675 ton by 


Kathleen mine. Union Colliery Co, Dowell, 
Ill. In 1935, daily output of 4 600-4 700 ton 
was by 16 matinee, in a 7.6-8-f t seam. Roome, 
26-28 ft wide, on 46-ft centers; depth, 250- 
300 ft (23). 

Roblneen Run mine (24), Chrietopher 
Mining Co, West Va, in a 6.6-S^ft aeam, pro- 
dnoed 15.6 ton per mannhift by mobile loaders 
on piUar work (Table 21). 

TnUeydnle mine, Snow Hill Coal Co. Ind, 
in IBM instiled 7‘mMbiM loaden in a 5-6.5- 
ft senm. Product in one day wm 2 268 ton, 
by 144 amn underground (Tible 22). 


Table 31. Robinson Run Mine, One Month’s 
Work, 1936 


Number of loading machines. 2 

Character of work. Pillar 

Tons shipped. 31 MS'* 

Number of loading-machine riiifte.... ‘60 

Man-ehifte undiTground. 2 014 

Tons per raan-ehift underground. 13,6 

Number of cars dumped. 6 716 

Places cleaned up. I 268 

Tons per place. 24.7 


* ShipatentB were approx 90% of eu^mt 


































































87-24 I7NDBBGBOUKD MECHANICAL LOADING 


P«mb«rtoa Coal Co. Waot Vo. howl loading onto oonveyen in a 32-40 in aeam vtn ovar ou^t 
of 10.6 ton per tnan. delivered to naitn haulage, for 10 months in 1035 (Table 23). 

Jewel Kidge Coal Co, Va, b:f triple ehifting of 8 hand-loaded face oonvejren (2 bp eadb), 6 room 
eonvoyen (10 fap each), and one 1 600-ft belt conveyer (28 hp), product was 18 000 ton per month, 
from a 88-in seam, with 33 l/g men per day; shift tonnage per loader, 8.7S. 

Buroka Coal Co, Paris, Ark, working a 18-24 in seam, the normal product from about 1400 ft 
of longwall (ace, with 4 conveyer units, was 345 ton per 7-hr shift. 


Table BS. Talleydnlo Mine, Underground Employes and Output, Sept 11,19S6; 
Seven Loading Machines Operated 


Occupation 

Loading 
crews. 
No of 
men 

General crew 

Total 

Occupation 

Loading 
crews, 
No of 
men 

General crew 

Total 

Day 

shift 

Night 

shift 

Day 

shift 

Night 

shift 

Mine foreman.... 


I 


1 

Couplers. 


2 


2 

Night foreman,.. 



2 

2 

Trarklayert.... 

is 

, , 

2 

20 

Face foreman.... 

4 



4 

Timbermen. 

19 


2 

21 

Loading machine. 

16 



16 

Pumpmen. 


1 

, , 

1 

Coal cutters . 

12 



12 

Firebosses. 


1 

I 

1 


7 



7 

Brattioemen. 


1 


t 


7 

1 


7 

Seals... 


3 


3 




1 4 

4 

Dead work. 



6 

6 

MotnrmAn. 

7 

4 

3 

14 

Electricians. 




10 


7 

4 

1 

11 

1 






Cagers. 


1 


Total. 

97 

18 

19 

144 


Mine oars loaded, 477; tons washed cool loaded, 2 268. Washed coal represents approx 85% 
of material hoisted. 


Table 23. Pemberton Coal Co, Equipment for Conveyer Units 



No 



Intermediate section 

Total 


Motor 

Tons 


per 

Make 

Type 



length. 

rating, 

per 




make 


unit 



height 

Length 

ft 

hp 

Slin 

Face eoDveyers. 

4 

Jeffrey 

61-HG 

6 b/ie ia(a) 

5 ft 

n 

5 

W 

1 

Room oonveyers. 

4 

Jeffrey 

6i-AM 

9 in. 

6 ft 1 8/4 in 


10 

W 

a/4 

Gathering oonveyers.. 

1 

Jeffrey 

61-W 

10 1/4 in 

6 ft 1 in 


15 

W 

1.2 

Elevating conveyers.. 

1 

Jeffrey 

61-EW 

1 A-7, l-man, 


.... 

15(6) 

5 

w 

.... 

Drilla. 

4 

Jeffrey 

{ permiasible, 

138-lb 

.... 

.... 


IV2 

.... 

.... 

Blowfin . 

4 

Jeffrey 

Brownie 

12-in 

.... 

.... 

.... 

1 1/4 

R-M 

. . . 

Houta. 

1 

HKC 


.... 


5 



Coal cutting machines 

4 


12-AA 


.... 

.... 

SO 

.... 

.... 


(a) Height without sideboard, (b) Used without intermediate section, thus reducing length to 
lift. W, Westinghouse; R-M, Robins 4 Myers. 


Due to varying costs, mining conditions, and fluctuation in coordination of manpower 
and equipment, no general formula for savings by mechanization is possible: but some' 
light is obtained f-om Table 24, from statistics of National Bituminous Coal Comm, cover¬ 
ing mines producing more than 60 ton a day in 111 and Ind. 


Table 24. Costs of Mechanized Mining in Bituminoue Coal Mines 


Mine classifieation 

District No 10, Ill 

9 mos, ended Dec, 1937 

Dietriet No It, Ind 

9 mos, ended Dec, 1937 

Tonnage 

Av cost 
per ton 

Tonnage 

Av Coat 
per ton 

Strippings. 

Mechanical loading, underground. 

Band loading, underground. 

Total, commercial mines. 

Total, captive mines.... 

Total, deep mining.. 

7 979 4i4 

16 742 458 

6 747 216 

28 044 423 

3 424 675 

23 489 674 

$1.4319 

1.7457 
2.1793 
1.7574 
1,8612 
1.8703 

4 998 417 

4 600 134 
910 217 

10 417 029 

91 739 

5 510 351 

11.4631 

1.7636 

1.9572 

1.6326 

2.17« 

1.7962 
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27*»'26 UNDSBGBOUND MECHANICAL LOADING 


7. TYPES OP MECHANIZED METAL-MININO^ BQUIPBfENT 

XJ&dwground iii 0 tal-iniiie loaders wav at first of the steamndiovel requiriiig lar0S 
elearanoes; latterly, more oompaet deaigiis have beus evolved, as the Armatronc, Myere- 



Fi| 27. Slide for Soraper-loadinc of Can 


Whaley, Nordberg-Butler, Cooway, Hoar, Eimco-Finlay, Gardner-Denver. and Sullivan. 
Meanwhile, scraper (sluaber) loadinc was developing in several districts in U S and Can* 
ada, and is now common in the Lake Superior iron and copper mines, iron mines of the 

south, Tri-State lead and sine districts. 



Fig 28. InstaQetions of Underground Shovel 
London (U B Bur Mines, from reports of 11 
maton) (28) 


copper deposits of Aris, Utah and 
NeArada, and wherever workings are 
too flat for gravity loading. The history 
of mechanical loading to 1023 in mines 
other than coal was published jointly in 
1924 by the U 8 Bur of Minos and the 
Missouri School of Mines (27). 

Scraper loaders were first used in 
the Mich copper mines and iron ranges 
from 1015 to 1017, and in the Tri-State 
area in 1910, and proved their possi¬ 
bilities when shortage of manpower and 
rising wages made labor-saving devices 
necessary; and, following the war, de¬ 
clining prices of metals further stimu¬ 
lated cost reduction. Ftom 1923 to 1920 
sales of scraper equipment were lar^e 
(ftg 25), but dropp^ during the depres¬ 
sion, with some recovery since 1933. 
From 1929 to 1933, scraper sales to 
metal and nonmetallie mines totaled 


3 762 hoists or complete units, made fay: 
Mach’y Co, Gardner-Denvo' Co, Lake Shore Engine Works, Goodman Mfg Go, 
YWeirn Iron Works Co (Denver), Vulcan Iron Works (V^lkes-fiarre), lidgerwood MIB Co, 
Sauerman Bros. Banging in motor siae fri^nn 7A to 160 hp, smapor and sludier 
luwdars and hoitta of double-dnun type, have rope oapadtiea of 000 ft per dn^n; 













TYPES OF MECHANIZED METAL-MINING EQUIPMENT 27-27 

vwghta, 1 450*10 315 lb. Fig 26 shows tjrpes of sorAp«ra, as used witii siiulMr hoists; a 
typical slide to scrapu', loading (rf oars is in Fig 27. 

Jf oMlst. loaders. The earliest of these were the Marion. Thaw, Hoar. Osgood, Nord* 
berg-Butliv, C<mway, Hamisdbfegsr and Myers-Whaley, followed by the smaller Gardner* 



Fig 30. Nordberg-Butler ShoYsl 


Denver. Eimco*Flnlay and Sullivan. These 11 makers furnished the data in Table 2 and 
Fig 28. From 1623 to 1631 mobile loaders were designed chiefly for open stopes; nnee )932. 
sknjidlemnits, for h—Htwg s (h> tunnels, have predominated. Unlike the gathering machines 
used ift ooal a^iiaea'{Jby. Jeffrey. Clarkson, Goodman and Umeco). loaders to mStal muI 
mhua employ shovtd movement only. This principle, embodying crowding. 
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lifting wad disdau-ging, it used in aU macbinet, from the Marion and Thaw ahovc^ to flie 
aroewing loading head of the Myera-Whaley and Conway (which ditehargs on to conr 
veyert deliveri^ to ears), and the smaller latra Eimoo>I1nlay, Gardner-Denver and 

Sudivaa machines, in whioh the 
bucket ie swung eompUrtely over, 
for discharge into the mine car. The 
larger ntachinesare generally powered 
by elec motors; the smaller are air* 
driven (Fig 28). 

Baamples. MraBB-WHAnsiT 
diovel, for rock and tunnel work, 
has some resemblance in the ohaaeiB 
design to thecoal-loading“Automat’' 
of the same makers (Art 2), but em¬ 
bodies dipper movonents similar to 
those shown in Fig 29. Comwat 
shovel, sold by the St Louis Power Co, 
and built by the Goodman Mfg Co, 
has a dipper on a swinging boom, 
discharging on to a belt, and thence 
to the car. The digging mechanism 
is swung horis, and raised and lowwred 
by a hoist at front end of m a c h in e. 
Fig 31. Eimoo-Finlay Loader and is driven through 2 planetaries, 

each with a drum and hoist chain. 
The propelling unit is similarly actuated. Made in 8 wees. Dipper capac of the 60-A 
dhovel, 13.5 ou ft; 5 loading cycles per min; belt widths, 28 in; hp, 60; wt, 15 ton. 
Nobobiibo-Butu!b shovel (Fig 80). llie dipper is operated by 2 pistons of a direct-thrust 
air cylinder, for taking its load, raising to the revolving position and dumping ahead, to 
the nde, or to the rear; 
revolving power is from 
a 2.5-hp air motor. Speed 
of work, 3-3.5 dippers per 
min. Shovel is moved by 
band, and will operate in 
a tunnel 5.5 ft wide. Do¬ 
mestic shipping wt, about 
5 170 lb. Gabonbb-Den- 
VBB loader is a small ma¬ 
chine for tunneling and 
mining, using about the 
same volume of air, at 45- 
00 lb, as an ordinary rock 
drill; wt, 4 000 lb; over¬ 
all width, 33.5 in; length, 

60 in; height, with bucket 
lowered, 52.75 in; mini¬ 
mum headroom, 76 in; 
dean-up width, 96 in. 

Emoo-FiKLAY loader is in 
2 rises, wrighing 3 950 and 
5 900 lb; operated by 2 
special IngersoU-Rond air 
motors, one for propelling and crowding, the other for digging, lifting and dumping. Tfie 
patented rocker arm action in its different positions is in Fig 31. SuiiLivan loadbb, for 
narrow headings, has a rocker-arm action similar to the Eimco, but with a positive 
centering device for dumping into middle of car when on a curve (Fig 32). 




a COMPARISON OF MECHANIZED METAL-MINING METHODS 

The same mine may profitably employ mechanical loading in one section and ipavil^ or 
ad loading in another (28). But, although most ore ud oounriy rook will prolmUy eon* 
rime to be handled by gravity systema, the improivameuta in derign and ette of ipechaidcal 
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loaden pcwi to their wider uae m w»t6 rates tend to rise. In general, loading machines and 
serapers are reocHnmended for devdopmoit headings, haulai^ays and flat workings, for 
delivery to mine cars, ore pockets, or to conveyers; scraper baulors, for inclined shafts or 
winses, of stopes up to 30°, to conveyers or cars (35). 



Car setvking for tfaek-mounted loaders jwesents more problems in metal mining than 
in eosA; aditi and dtUts are genmally narrow, double-traek openings being driven cmly 
wham hunhaaed effie of loa^ng mactoe will warrant added cost. Simplest “mde switeh” 
lor Ui^t emn bdbind a ]^)adar in narrow headings is a Timn annsr, the empty being *‘kidnd 
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off" the tettok mito the plete to allow the loaded oar to paae. Cars are also ehauftsd in uv- 
row worldncs bsr the "osbAbt Piona," a movable frame carrying an air hoist, which raises 
an empty from the track, to allow the loaded oar to pull away from the loader. Kmo oxn- 
PAaaBK (Fig 33), is a steel frame about 130 ft long, traveling on rails on eadh ndh of main¬ 
line toaok, with a hinged ramp at each end operated by an air hoist. Track is laid up the 
ramps and along the deck, for cars to pass to the loader. Botii ramps are raised when k^ed 
mur is to be pulled out (36)'. Dixon oonvbtbb (Fig 34) has a long Mt on a frame like thatof 
the King. A hopper-like hinged trough at front cmd receives material from the loader, and 


transfers it to the conveyer which loads car 
at the rear (36). Caufobnu. switch, widely 
adaptable for car changing behind loading 
machines, condsts of a portable combination 
of dding and switch superimposed on the mun 
track, with tapered end rails and a spring 





Fig 85. Scraper Loading from Stope; 2 Tail 
Hopes 


Fig 36. 3-drum Hoist for Mucking a 
Large Area 


switch at each end, for cars to pass on either side from the permanent track. The empties 
are pulled from one dding to the loader by a small hoist, the loaded ears being pulled away 
on the other track. The entire dding is moved forward, as a unit, by the loader or the loco¬ 
motive (36). 

dcraper loading by S-dmm hoists. Fig 33 shows setup, with 2 tailrojiea, in a large flat 
stope; Fig 36, a setup for mucking horis cut-and-fiU stopes, and spreading the waste where 
ore passes are obstacles to free spreading. Work in eut-and-ffll stopes can be done by placing 
the mucking hoist in one panel, the filling hoist in another (13). 


Examples of Mechanized Metal Mining 

Colorado River Aqueduct (36), B1 miles of 16-f t tunnel, wwe driven intb machine loaders at aver 
epeed pw heading of 18 ft per day of three 8-hr ehifte; aver ooet per ou yd of ezoavation, 83.90. 
Crews wsrs from 18^20 men; skilled wagec, 85-86; unskilled, 83.20-toA0. 

United Statee nine (U S Smelting, Ref and Min Co, Bingham, Utah). Coat of hand mucking. 
85.8^ per ton; with Eimoo-FinJay loadeis. 28.7^; a saving of 20% (38). 

Boyoe Coaaol Mining Co (Philipidnes) drove a 12 by 12-ft tunnd 9 450 ft. Speed with hand 
mucking averaged 250 ft per month; afterward, with a Conway ahovel, 1 327 ft in 1 month at eoat 
of 814.74-817.73 per ft <39). 

Butte fldlaee, Mont. Mechanical loading can replace band work and effect a saving in 7 by 8-ft 
drifta or larger (40). The email machines are fast, effic and rugged in oonstruotiou. From 1938 to 
1938, machine loading increased from 6 700 to about 500 000 tons, some 50 small loaden now bang 
used. Aver loading time, 4 min per 4-ton oar. Track arrangementa for ear servicing are shown 
in Fig 87. 

Scnpsr loading on the Mich ikon bangbb showed a marked increase of output per miner 
per day, fimn 2.9 ton in 1923 to 3.06 ton in 1929; distances scraped, 20-l(X} ft (13). 
RAXHum NO 1 MiNB, Birminghain, Ala (Republic Steel Corp) uses both hand and scraper 
loading (41). Double-drum elec hoists, carrying 500 ft of rope, are drivra by S5-bp moiom,. 
Box sprapera. weighing 1900 lb, oapao 1-1.5 ton, handle 109-130 ton per S-hr ahift in 
headingwork. At the PABK-l7TAHStnna(42), aerapers baiw been used to atpiatweetatopea, 
handling 2 000 ton to 1 montli with 4 men on each of 3 abifta,. the asftup betocon the ttoiber- 
tog. La Rvb kinb, MeaaU Range (42), uasa both underground and aurface emiveyeto. for 
«tra dipping about 15*. Belt hauUga with dec diovels, fltat toataUed for mtoi^ torga 
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RKnna. tran abandonad, aa tite roof nw too traaeharoiui for the 164t apan. raqoirad for tlM 
idkovalfl. BorapersaitdatoehoMtaw«iunruaedforto|HdiaincandaaUavd.aavtakg. Sorapwa 
of 1 ou yd ara hauled frmn (be face by 2(Mip hoista, for delivery to a 1.5^ yd aeraper aad 
do-bp bout, vrhioh in turn delivera to a mirfaoe conveyer 1^ whiob the ore goea to RR eata 
or to atock pile. This eyatem, involving uae of 4 440 ft of 304n belt conveyer/of which 2 135 
ft aio underflnround and 2 305 ft on auifaoe, handle up to 400 long tona per 



Oviwicilii two hoidtaci, u olaMnl aad a entMvt 


Fig 37. Car Servioing for Small Maohina Loaden ta Butta Minaa 

Within the past decade, mechanical handling of ores and rock has embraced all forma 
of loading equipment. In general, as shown by the preceding examples, the saving in cost 
over hand loading ranges from 10 to 50%, and furnishes ample incentive to study prob¬ 
lem for every set of local conditions. 

Details of Conveyers and Elevators (L. de G. Moss) 

These find their widest application m coal mines, but some are used in metal and non- 
metallic mines (30, 31, 32). 


9. CHAIN AND BUCKET CONVEYERS 

Buckets or pans bolted to chain Imks form a continuous moving trough, ddivering at 
the head sprockets by inverting (Fig 38). The kind of 
material determines the shape of buckets. The ends 
must be Shaped to permit buckets to pass around 
sprockets: for sticky materials, all udes are sloped. For 
intermediate delivery the buckets are hinged at one 
eml, with guide wheels at the other, which drop on a 
depressed curved track to spill the load (Fig 39). The 
dumping ends must be open, and, owing to shock of 
dumping, speed is reduced to about 60 ft per min; with 
fixed pans, speed may be 80-100 ft per min. Roller 

chains with closed and bushed bearings axe best. Ca- pi- wo Bucket or Pan C<mv«ysr 
padties reach 10(X) tons of stone per hr. Power re¬ 
quired, 2 to 4 hp per hr per ton-mile on level track. Clean tracks and well lulMrieated 




Fig 89. Mode of Dmnplng 
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roU«n MW Mwnti*}. Conmym cm ttMp upgradeiAue uneoonoinifliilt bviirim «IwsB part 
of dead wt puUa cm the liaad<ahaft bearinga. Gradea may ba up to 30*. Inclinaa do not 
eauae daora^ in capacity, aa in flight oimvaswra. 


10. CHAIN AND BUCKET BIBVATOBS 



Fig 40. 


Centrifugal-diaobU'ga 

Elevator 


Typaa. CnNTBiruoAt-nncHAnan elevator haa 1 or 2 atranda of chain with outaland'* 
ing buckets (Fig 40). IJnear speed of buckets — speed of chain, except whan ttiroing oter . 
sprockets. For proper relations of chain speed and head sprockets, see F!^l.^ For very 

gritty material, one atraad of chain can used, driven 
by a toothless traction wheel. They may run vertically. 
Faults of centrifugal elevators: hi^ veloo cd disohaige 
breaks up lumps which should be kept intact;* cMute 
lining wears rapidly; high speed reduces life. It idthe 
cheapest form of elevator. Pbrfxct-dibcbabob devatbr 
(Fig 42) runs between 80 and 200 ft per min. The ohauns 
are deflected inward by 2 cholm or snub sprockets, to 
secure better delivery. This principle can not be applied 
to single-strand elevators, nor to belt and bucket eleva¬ 
tors. CoNTuraoTja-DucaAROX elevators (Fig 43) run 60 
to 80 ft per min, and are preferred for stone, sand, and 
minerals. The buckets, with no spaces between them, 
have lips to serve as small chutes. Gbavtit mbobabob 
(Fig 44) gives a clean delivery by using 48* V buckets, bolted to chain, with a horis run 
at top. Roller chains are ne^ed, owing to horis portion of delivery track and chute. 

Buckets are commonly of sheet steel. No 8-16 gage. A better design has C-1 eiuls, with 
renewable steel body. Malle- 
able-iron buckets are most 
durable. Standard elevators 
have not sret been made so 
that the bodies of the buckets 
form the links, as in dredging 
elevators, with obvious ad¬ 
vantages for large units. 

Chains. Short-pitch chains 
give the more uniform speed; 
long-pitch causes swaying due 
to rhythmic variations in 
speed Large conveyers should 
have enclosed pins with bush¬ 
ings. The Eweut detachaUe- 
hook chain is satisfactory for 
temporary or light service. SnscK must be prevented by screw-geared take-ups, having a 
gape of more than length of 1 link. They should be placed at the foot of the elevator, where 
all slack accumulates. It is sometimes necessary to put them under the head-shaft brarings, 
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rsaking them Strong enough to carry the concentrated pull of the entire conveyer. Unless 
very strrmgly built, trouble will follow from vilxration and loosening of bolts. It is dsAimbIs 
to oroao-ooimeot the 2 take^p eetewa, to rotate together and keep shafts psrsUd; SprooketS 
and ch ai n ore chai^per than bevel gears and shafts for this purpose. 
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.BELT AND BUCKET ELEVATORS 

■ 'f' / 

Boeti aurterial on ride of chain. They can not be uwd for stuff 

harder than oeh^ azcepting fine granular material. Timber boots, lined with sheet steel, 
are not so gocriaalhbse made of C-1 rides' and sheet-steel body. In this case the takenips are 
built into tK^%oot.' For ore and stone, the arrang^ent in Fig 4fi works well.. The elevator 
ia.INMetrably inclined at 60° from horis. The delivery is high enough to keep one empty 
bUhli^ below the chute to catch fines and lessen cleaning up. This design is cheap, and will 
i^dog, jam, or fleese. There should be plenty of room around boot or loading chute for 
in repairing, and for safety. 

Delivery Autea should not have their bottom line extended higher than the heed shaft; 
4-6 in lower u better for a clean delivery. If closed on top, the upper sheets should be 
binged for quick access in case of a jam. Generous spacing of buckets (pitch) is desirable. 
Anthracite, if clean, will slide on a 15° polished chute. 

A littte dirt, or worse, dry snow, necessitates 30°-35°; 
bi||mmous requires 45°. If the chute is hoppered, the 
conper angles of a 45° hopper will be flatter than 45°, 
afia material will hang there. Some dirty and sticky 
ores require 60°. Bottom sheets should be bolted for 
easy renewal. Channel sections for sides are frequently 
^ the' most economical, giving minimum of shop work 
With economy in metal. The cheapest and most durable 
chute bottoms are of hard tank plates. 

Frames and casing. Modem construction, and 
because of fire risk of flames rapidly climbing, as in a 
flue, is justified. Good bracing is essential, but tension 
rods are undesirable. All braces should be angles. 

Drive supports should be proportioned for deflection 
and stiffness, regardless of unit stresses. Covering, if 
of black sheets, must be kept well painted; galvanized Fig 4S. Bucket Elevator 
muck-bar iron is better. Panels on one side should 

be bolted for access, and lead washers under bolt heads will prevent mating at holes. OuiOB 
WBBELS on the rising side should be set 5-7 ft apart, depending on size of elevator and its 
angle; short vert elevators require no guides. Number of guides on slack side depends 
on path of the chain, wbiclr approximates a parabola; 10 ft centers is close enough. 

Power required is 2 to 3 times the net work of lifting the unbalanced load; or, motor 
hp ■> ton per hr X ft lift -r- 990 X 2 or 3. Large capac, low speed, and short lift tend to 
ecotdjbny. In estimating power, assume all buckets to be filled; but, in estimating capae 
of buckets, consider them not more than 2/s fuU for ordinary conditions of feeding. Ele¬ 
vators have been built for 120-ft lift. Exceptional care in unit stresses and loads is needed 
for all high-lift elevators. 

11. BELT AND BUCKET ELEVATORS 

Buckets (Art 10) are bolted to *^>6^ with Bi)ecial flai-head bolts. 

Belts are canvas and rubber, 4 to 12 ply. Canvas should be 32'OZ duck. For the beet 
belts, the adhesion of the rubber covering, for a strip 1 in wide, should bo 16 to 20 lb; 10-14 
lb is good. Thickness of rubber is i/g-l /4 in. Splices are best made with metal hooks. Pierce 
all holes first with an awl, instead of driving the hooks through the solid belt. Width of belt 
should be 2 in more than width of buckets; width of drums, 2 in more than belt. Working , 
stress on belt, per in width per ply, should not exceed 22 lb for high-grade belts having 30 to 
32-ob duck plies. Reduce stress to 20 lb for 28-oz duck. 

Drums. Coeff of friction is ordinarily 0.2 to 0.3 for a finished C-I pulley. Rubber-belt 
lagging, bolted on, will i aisc the coeff to 0 35 or 0.4. Certain kinds of dust raise the coeff, 
others lower it; sulphur dust is the worst. Oil and grease must bo kept away from belt, as 
they dissolve rubber. The great advantages of belt and bucket elevators are that they are 
simple to install and maintain, and have no chain and sprocket troubles in gritty materials. 
They usually cost a little more than chain elevators. Arc of contact between dmm and 
belt is 160°—180°, depending on angle to horiz. Slack side is permitted to hang in an eaqr 
parabolic curve, w'hich is modified by the tension of lower take-up screws. IS^Tien laying out, 
give ample clearance in the boot for the slack side, which at times may also oscillate a foot. 
The actual curve is more line a parabola than a catenary. 

Frame should be well braced for transverse stiffness; but may be more flexible under 
beam load. As a column, 90 (1 4- r) is a safe limit. Besides the dead load, the live load 
on head shaft and pillow blocks is the sum of the taut and slack tensions of the belt. The 
alaok tension is ususJily 0.3 the taut tension, and may be 0.5 with take-upe set up. Put 
ovina muBBS under taut aide of belt, 5-7 ft apart; none under alack ride. 
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Ratio of drutt diain to bolt thidmooi io impoiteit as affootbit Hie of belt, the moot 
axpenaive item in total coat. It is beet etated in terme of belt pUm; 5 in per ply of 
belt io advisable for permanent plants. Tendency is to use a smaller, cheaper drum. wUch 
revolves faster and requires less gear reduction. As drums and gears do not wear out in the 
life of an elevatin' and belts do; real economy lies with the high ratios. Lower drum is usu¬ 
ally smaller than driver, because driving tensioii^ in belt is almost nil vb that point, with 
only bending tension remaining. Guide idlers are often too small, do hot turn eaoi^, and 
drag on the belt. 

For chain*bucket and other elevators for excavating earth, trenching, etc, see Sec 3; 
for gold dredging, see Sec 10; for tailing "sand-wheels” and ore concentrators, see Taggart, 
Handbook of Ore Dressing. 

12. HELICAL CONVEYERS 

Characteristics : low Hrst cost, compactness, small capacity, large consumption of power 
for useful work done. To friction loss of load sliding through the trough, must be added 
the friction of screw turning within the mass. Low capacity is due to the need of keeping 
load line below the shaft center and bearings. For grain, a 3&-in screw can deliver 100 tons 
100 ft per hr, with 40 hp. This is about 20 hp per ton-mile, or 20 times as much power 
as for a belt conveyer. The disparity increases with wt of materials, or higher coeff of fric¬ 
tion: for bituminous coal, about 25 hp-br per ton-mile; ground cement, 30 hp; for rock and 
ore (with clean, lightly loaded trough), 25 to 50 hp per ton-mile. When finely-ground stuff 
is to be carried up an inclined belt (100 mesh, or less, like cement), a short length of screw 
eonv^er is required as a feeder, to expel air and compact the material. Hot material is 
sometimes cooled in a screw conveyer. Conversely, some substances arc heated in transit; 
or the screw may be cut into paddles for mixing heavy materials. Ordinary grades of con¬ 
crete can be cheaply mixed; first-class concrete requires^ batch mixer. Shafts are prefer¬ 
ably tubular, for transverse stiffness due to large diam. Bearings should be babbitt lined, 
with grease cups. Spacing depends on wt of material and lateral bending of shaft, and may 
vary from 7 to 15 ft. Conveyers in series, if in line, should have flexible couplings; other¬ 
wise, angle or bevel gears. Gates are plain slides. Screws are usually of heavy sheet steel; 
for minerals, concrete, cement, and ashes, smoothly molded C I is more durable. Troughs 
are of sheet steel, curved to conform to screw. Generous clearance between screw and 
trough permits accumulation of a layer of fines, which protect^'the bottom from wear. Plank 
boxes, of rectangular section, lined with sheet steel, are not so good as half-round steel 
troughs. Careful lining up, and stiff supports are essential. Thrust bearings are ^laiu 
shoulders on end of shaft, with C-I bearings; they require constant lubrication and are 
generally too small for long life. Long screw conveyers are apt to get out of line on timber 
supports, where beam loads cause changing deflections, just as this condition affects the 
good running qualities of long overhead line shafts. 

13. FEEDERS, GRIZZLIES, GATES AND CHUTES 

Feeders for continuous conveyers are essential when delivery is intermittent, aa from 
ears, skips, and buckets. They act as equalisers, to smooth out the peak loads, and are also 
advantageous in feeding crushers and trommels, to prevent clogging, steady the motor load, 
and reduce size of motors. Types: (a) reciprocating troughs, inclined and level; (6) swing¬ 
ing plates, single and double; (e) plungers, with stationary troughs; (d) continuous aprons; 




(e) automatic timed gates; (/) rotary plates; (g) revolving grizzlies; (h) roll feeders. 
Smpui iNOUNBD TROUOH, inclined suspended by 4 adjustable rods, is apt to sway 

in an oval orbit and strain itself. Link-belt feeder obviates this by placing a reciprocat¬ 
ing flat or inclined chute on 4 wheels (Fig 46). If inclined 15^, it con bo made to empty 
Itself. C. K. Baldwin feeder has 2 rear wheels, with adjustable rods at front. It is always 
jfiiJined to insure self-cleaning (Fig 47). In all of these, there is conriderable vibrgtion, 
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requiriiMr stiff supports. Crank shaft should nofrotate more than 80 r p m. All bearincs 
should have bronze bushings. Long connecting rods are desirable; tost made of |»pe 
with forged «ida. Throw is usually 12 in. Crank disks can be tapped for 3 radii of crank 
pin, to vary stroke. Stresses on moving mechanism and crank-shaft bearings are doubled 



Fig48. Duplex, Balanced Feeder (L. de G. Moss) 


Fig 49. Dempcey's Plunger Feeder 


Fig .>1. Action of 
Plate Feeder 


for impact. Counterbalances in crank disks lessen ^^bration. Gear teeth may l)e cut on 
rims of disks to keep torsion out of crank shaft and save 1 gear wheel. Single and double 
sw'inging plates have been used by the writer, to reduce vibration of large massi*s. Fig 48 
shows a duplex balanced form for a track hopper. Horiz chc.tes should l>c os short as pos¬ 
sible, just 80 that material will not fall beyond angle of repose; speed, 100 r p m. Dempc*t’b 
plunger feeder (Fig 49) ma> ?yC 

horiz or inclined. It can be ^ n 'X 

made duplex under a largo j- \ 'S—p \ 

hopper. Plunger is hollow, pro- Jr . ' v. - 1 icm v I 

ferably of C I, and slides on ^ / /l 

rails, which should be easily re- (o\ c:^ —^ * 

placed, as they lie unprotected ~ 

in the material; speed, 100 ^ 

r p m. The throw of feeders Fig 50. Apron Feeder Fig 51. Action of 

can be varied while running, 
by a vibrating link-arm with 

constant throw, using a shifting slide on link to vary travel of reciprocating pan. 

Capacity can be calculated by displacement, main factor iMung breadth. Reciprocating 
feeders, if made as shown with a back plate, are really stationary pusher feeders. The 
incline docs not increase capacity, but lessens work 

Apron feeders make an excellent gate for ore CVt'eUman-Seaver-Morgan Co) and may be 
# power-driven (Fig 50). No skirt-boards are used. Rotary 

plates, as in the Challenge feeder and Trump mixer, 
/ V consist of circular plates, level or slightly incliiu'd, with 

/ a plow. They will not sweep off the theoretical volume, 

yT owing to slip backwards on the plate (Fig 51). 

Revolving grizzlies were introduced by E. V. Slock- 
well, chief engr, Braden Copper Co (Fig 52). A single 
]\ set or a series of rolls may be used. The C-1 plates ore 
yy\ tapered to prevent wedging of lumps, and loosely fitted 

* square shaft to aid in freeing lumps. With sticky 
^ materials, stationary finger bars lietween disks will clear 

nr M iJTs them. The spaces drop out the fines to a by-pass chute. 

' These grizzlies now made by Robins Conveying Belt Co. 
RoU-feedera, introduced by Hoover & Mason for 
H r ore and limestone, have a single hollow roller with C-I 
spiders and plate barrel (Fig 53); they also serve as 
u gates. They feed too unsteadily for conveyers, but are 

good for filling cars. Variable-throw feeders axe also 
used. 

»—S—» » «—fe—J Gates of the undercut type arc occasionally used 

for feeders; driven by shafting and cranks or ecxientrica. 
Cranks are preferable, giving less trouble and using leas 
power. 

Fig 52. Stockwell Feeder Gates of sliding tj'pe, though cheap, are often 

troublesome. They rust, jam with fines, and freeze 
tight in w'inter, often requiring a sledge to open them. Their length i^ould be at least 
1.5 X width. The single undercut gate is very satisfactory in sizes less than 20 in diam 
(Fig 54). Duplex undercut gates work well with fine materiai, but, for ore, should have 
offset jaws (Fig 55) to avoid jamming. The Briggs folding flap neither jams nor freezes, and 
is easily moved. Clearance between flap and sides must be small to avoid lodgment of spalls. 








Fig 52. Stockwell Feeder 
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The flap may be extomai, ae in Fig 56. Eig 57 is a combined gate «md ehate for large stone, 
subject to much freesing. Stationary grisslies in chutes, for by-pi^ng fines, are beat made 
of tapped bars now in the market, hogging at lower end of bare by gradual aeeumuiation 



of spalls is avoided by curving the ends downward. C-I slotted spacing bars are preferred 
by many to through bars and washers, which offer more obstruction. Chutes and hoppers, 
subject to heavy faUs of ore or rock, last well if lined with old rails instead of plate. 




Fig 57. Combined Gate and Chute 


Tons per hr 


Tons per hr 


Reciprocating feeders require 1 hp for 15-20 
Plunger and push-plate “ 1 *‘ “ 20-30 
Rotary plates •’ 1 " " 10-15 


Roller grisslies require 1 hp for 15-20 
Apron feeders (short) " 1 " *' 12-20 
Roll-feeders 1 " “ 25-35 
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BREAKING, CRUSHING, AND SORTING 

OF ORES 


Ore is crushed at the mine to aid subsequent transport to the mill, or because a certain 
amount of fall is available, or to facilitate hand sorting. For some one of a variety of 
reasons, it may be desirable to perform these preliminary operations at the mine rather 
than at the treatment plant. 

The usual crushing plant, Tvhcther located at mine or mill, is designed to produce feed 
to the grinding mills. As such it comprises jaw and gyratory crushers, class^ as break* 
BBS; and reduction gyratories, cone crushers, and rolls, called intermediate crushers. 
Steam stamps are used only in the Lake Superior native-copper plants, as intermediate 
crushers; gravity stamps arc found in many gold mills. It is unlikely that steam stamps 
will ever be generally used, and the gravity stomp is approaching obsolescence. 

Size reduction, except in the smallest plants, involves two or more stages. Aver 
reduction in max size of lump in primary breakers is 4 : 1, in cones 5-6 : 1 and in rolls 
4 : 1 in closed circuit and 2 : 1 in open circuit. Hence, to reduce 24-in run-of-mine ore 
to minus 1 in ball-mill feed, a primary breaker with 24-in effective gape followed by a 
cone with 6-in effective gape would serve; if minus lO-mesh (0.065 in) ball-mill feed were 
demanded, 3 or 4 stages would be necessary, for example, primary crusher to 6 in, standard 
cone to 1 in, short-head cone to 0.25 in, and rolls in closed-circuit with vibrating screens 
0.25-0.066 in. 


1. BREAKING BY HAND HAMMERS (24) 

Hand sledges, 10-lb for soft rock and work at high altitudes, 12-lb for aver serviM, 16-lb 
for hard rock, are used to break ore through grizzlies in the mine and on ore-bins small 
enough to pass through chutes and gates; also to break large lumps so that they can 
be nipped by the primary breakers when these are too small for their service. Cafacitt 
figures are unreliable; but it is certain that sledging is almost always uneconomical, and 
that ore should either be broken smaller at the face, or that gates, chutes and primary 
crushers be made large enough to take the run-of-mine. 


2. JAW CRUSHERS (24) 

Jaw crushers. Best known type is the Blake, with movable jaw pivoted at top. 
The Dodge, with movable jaw pivoted at bottom, has relatively small capac. Single¬ 
toggle crushers with conventional plane jaw plates, or with either the swing-jaw plate 
or both jaw plates convex outward, are coming into use, principally as secondary crushers. 
Primary jaw crushers are usually of the Blake type. Table 1 gives essential data respect¬ 
ing Blake crushers (from makers' catalogs). For many sizes the figures have been checked 
Bgunst operating data, and found to be conservative. 

Main frame, swing jaw and flywheels are of oast iron, semi-steel or cost steel; pitman, oast sted; 
toggles, cast steel with chilled ends, or alloy steels (life, 90 days to several yr); toggle seats, Ugh- 
oarbon steel or alloy steels (life, 90 dasrs to several yr); shaft, high-carbon or alloy steel forgings, - 
heat-treated, tempered, turned and polished; jaw plates, chilled iron or manganese steel (con¬ 
sumption of manganese steel 0.01-0.06 lb per ton crushed; of chilled iron, 0.1 lb per ton aver); 
obeek plates of same metal as jaw plates (consumption of manganese steel, about 0.01 lb per ton; 
of chilled iron, 2-3 times as much for same service). Modern trends are toward lighter onisheta 
made of high-strength alloys. Too light a crusher shake to pieces either itself or its foundation. 

Reduction ratio in crushing is ratio between size of feed and of product; in ooarae 
crushing max sizes should be considered. Nip anoib is the angle between jaw faces. 
Aver reduction ratio for jaw crushers of all sizes in Table 1, with miifimam setting, is about 
4.5, estimated on the basis of max feed size of about 85% of gape, and max product sise 
1.7-2 times open setting; for max setting, 2-2.5. Larger ratios are fdlowable in the smaller 
crushers, because the corresponding nip angle is snaller. Max nip angle for atova ratios 
is less than 24^ In mills, the aver ratio for 20 crushers, ranging from 6 by 20-in to 66 by 
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844ii rise, wm about 8.7; 
max, 9; mia, 1.5. Corr&. 
•ponding nip angles, 18-23* 
(max angle in largest 
crusher). 

Capae of Blake-type 
crushers depends primaiily 
upon character of ore, sise 
of feed, and discharge open¬ 
ing; it is affected also by 
throw, speed and angularity 
of jaws, and shape and 
character of surface of jaw 
plates. Table 1 gives aver¬ 
age capacities (from mak¬ 
ers’ catalogs) based on rock 
like limestone, easy to 
crush. But, capac figures 
are generally given in terms 
of a feed, none of which will 
pass through the crusher 
without breaking, whereas 
ordinary crusher feed con¬ 
tains much material that 
requires no breaking, but 
passes directly throuid^. 

Quartz, quartzose ores 
and firm brittle ores can 
usually be crushed at a rate 
equal to catalog figures. 
Tough ores, as basic sili¬ 
cates, traps and diorites, 
crush less readily. Hersam 
(1) shows that if the capac 
of a crusher on quartz is 
taken as 100, its capac on 
a granite such as he tested 
would be 89.5 and on trap, 
83; mfrs usually drop these 
figures to 80-85 and 75 
respectively. Minerals of 
low ep gr, as coal, fibrous 
minerals like asbestos, and 
clayey materials, can be 
crushed only at rates much 
below catalog figures. 
Choking by clayey mate¬ 
rials may be lemened by a 
trickle of water run into the 
crusher with the feed; this 
lubricates the crushing 
faces, so that the com- 
. pressed material slides for¬ 
ward as the jaw recedes, 
and thus works through the 
crusher. Wilh slate, which 
cleaves easily and tends to 
pass through the crusher in 
dabs much larger in one or 
two dimensions than tbe 
jaw opening, the capacity 
. may be much reduced, due 
to tlm measures necessary 
to prevent such discharge. 
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CruBher eapac inereases progrearivebr with decrease in reduction ratio, and with increase 
in speed to a certain limit, although not proportionately. Increase in nip angle decreases 
eapac somewhat, but the effect is small for angles near those common in practice. With 
granite, Hersam (1) found that greater tonnage could be crushed with smooth than with 
medium or rough jaw faces, tonnage with medium faces being greater than with roui^. 
Increase in jaw throw causes marked increase in capac, if same minimum openkig be 
maintained. Curved jaw plates tend to permit crushed material to spread out in the 
fine-crushing sone, which decreases tendency to choke and increases capac. 

Empirical formula for capac, relatively accurate for all except smallest and largest 
crushers, is T ■■ 0.6 A + JB >- 0.6 LS; where T -> ton per hr; A ■> area of receiving 
opening, sq in; ii » reduction ratio; L length of receiving opening, in, and S width 
of discharge opening (sbt), in. For small crushers the result will be high; for large 
crushers, low. 

Power consumption per ton crushed is considerably greater in small crushers than in 
large. Tons per hp-hr ranges from 0.7 in smaller sizes to 1.0 in crushers with 30-in width 
of receiving opening (gaps). For 36-60-in gape, tuns per hp-hr increases to about 1.3-1.8. 
For 66-in gape, 2.5 tons per hp-hr is fairly conservative. These figures are all based on 
reduction ratio of 6 : 1 and on a continuously busy crusher. For smaller reduction, tons 
per hp-hr increase, roughly in inverse ratio. Reduction tons per hr ■■ hourly tonnage 
X by max-particle reduction ratio. Reduction tons per hp-hr for crushers in Table 1 
range from 2 for 7-in gape to 10 for 66-in gape. Practice shows variations of about 60% 
on both sides of these aver figures. 

Fall through crusher itself is about twice the gape; to which must be added the drop 
necessary to get feed to the crusher and product away from it. 

Lost time in mills, due to causes chargcaLle to the crushers, as repairs, renewals, clog¬ 
ging and its attendant diilicuItieH, is less than 1%. Renewing jaw and cheek plates and 
re-babbitting bearings are chief causes of lost time. When crusher is planned to run 
only 1 or 2 shifts per day, as in a majority of mills, renewals and repairs are done in off 
shifts; in which case practically no delay is chargeable to the crushers. 

Attendance. Usual practice is 1 man per crusher; rarely, 1 man to 2 crushers. Princi¬ 
pal duly of attendant is to regulate feed and pick out powder, steel and waste. When 
crusher is fed by dumping car- or skip-loads directly into the jaws, no picking is possible, 
but attendant must see that the ore does not bridge, and break up such jams as occur. 

Feeding. Jaw crushers should he fed regularly and up to capac, if possible. But they 
should not be “ buried,” since bridging at the mouth often occurs and necessitates digging 
out to start the flow of ore again. A power-actuated hook, or similar device, for removing 
lumps from crusher jaws is an economy. Ample provision should be made to prevent pieces 
of ore from dropping into the actuating mechanism. 

’ Breaking points are provided in most coarse crushers, to take care of excessive loads oaiued by 
entrance 6f steel or other foreign material. In Blake crushers the usual breaking point is a toggle. 
Without this provision, the usual effect of stoppage under full working load with power on is to 
crush the pitman babbitt, or throw off the belt, or both. If the belt does not throw off, and there 
is no satisfactory overload circuit breaker on the driving motor, the motor will burn out. 

Size of product. With straight jaw plates, product will all pass a square-mesh testing 
sieve having aperture equal to 1.7-2 times open setting; 65-85% will pass an aperture 
equal to open setting, the lower percentage for tough or slabby rock, the higher for rela¬ 
tively friable rook that breaks granularly; 25-40% will pass an aperture equal hsdf the 
open setting, the lower percentage with sized feed, the higher with run-of-mine rock. 
The aise Growing max wt is usually at or near the open setting. With curved plates and 
higher speeds, apply the above percentages to the mean of the open and closed settings. 

Cost of jaw crushers (1938) was 10.5-12f‘ per lb for small machines; 0 - 10 ^. for large, 
when fitt^ with chilled-iron; add 10-20% if fitted with manganese steel. Operating 
eoBT is best estimated from data given on power consumption, attendance and wear; 
these items making about 00% of total cost. For rough estimates, 8 -lOjj per ton for 
small crushers, to 2-3f( for large, are outside figures. 

3. GYRATORY CRUSHERS (24) 

Gyratory crusher consists of a fixed crushing surface, in form of a finistum of an inverted 
cone, around the axis of which gyrates a movable cruf^ing surface, having the shape of a 
conical frustum in erect position. The feed passes into the downwardly converging 
annular space between the crushing surfaces, and is crushed when the surfaces approach; 
falling through when they recede. There are 3 types; suspended-spindle, support^- 
apindle, and fixed-spindle type. The first is most used; the second is fast diBa;^>earing. 

third is the newest form, and has been satisfactorily installed as k primary or secondary 
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ooarae crusher in many plants. Its relatively small height lends itself to rugged construe- 
tion and the short spindle reduces the clear height above the crusher required for con¬ 
venience in repair work. The fact that the length of stroke is the same for both large and 
small pieces of ore is advantageous for crushing soft, tough ore, but this is tuineoemaiy 
and may be disadvantageous for bard and brittle materials.. 

Sizes are'indicated by the gape of receiving opening, in inches. Ix^ngth of receiving 
opening is the circumference of the outer edge of receiving optming (between adjacent 
faces of the spider arms) X number of spider arms. This length is approx 8 times the 
gape in lever-type crushers in sises below 18-in, and 7 times the gape in larger sixes. 

Details. Shxu. is of C I; high-test iron or cast steel; spider, C I in small crushers'and high- 
test iron or oast steel in large; spindle, hammered open-hearth steel, heat-treated, turned and 
polished; bttbfension bearing varies in detail, the principle being to bring the suspending surface 
as near the point of no-movement as possible; eccentric sleeve should be large and lubricated 
by forced fe^; gears, cast high-carbon steel, or forged steel with cut teeth; countersuaft rear¬ 
ing, long and rigid; outboard bearing, ball-and-aoeket; drive pulley, of such site os to transmit 
1 h p per in width, at 600-750 ft per min; concaves and mantles are usually manganese sted 
(life 00 days-2 years). Modern practice inclines toward rolle: bearings and tex-rope drives. 

Adjustments: (a) Width of discharge opening is changed by raising or lowering 
the breaking head. Range of this adjustment is limited, because the nip angle is markedly . 
increased by wear of the breaking head. This increase in nip angle causes great decrease 
in discharge capac. If more than a small adjustment is required, it must be got by making 
the concaves and breaking head thicker and shorter. Throw, less than in jaw crushers, 
is adjustable only by changing eccentric sleeves. It should be greater in large crushers 
than in small; greater for restively soft and tough ores than for hard and brittle ores. 
Speed may be varied between wide limits. Increased speed does not cause the marked 
increase in vibration and shock that occurs in jaw crushers. Lowest speed compatible 
with required capac is most economical within certain operating limits. A tendency to 
clog when crushing sticky ores may often be overcome by increase in speed, thus increasing 
the sharpness with which the head recedes from the concaves. 

Speed, throw, capac, reduction ratio, and power consumption are closely related. 
Reduction ratio increases when crusher is working near max capac. Crusher speed must 
be increased to keep up capac; this being accompanied by considerable increase in power 
consumption. If the crusher is sufficiently over-motored, so that the change brings no 
perceptible strain on the driving equipment, it is well to xvatch for heating of the eccentric, 
as any marked increase in speed and capacity over the figures recommended by the 
makers is likely to cause burned-out liearings. Increase in reduction ratio, without 
mechanical troubles, should be accompanied, with straight liners, by decrease in speed 
and decrease in amount of material in the crushing zone. With curved liners, ratio may 


Table 2. Catalog Data on Suspended-spindle Gyratory Crushers (short-shaft type) 
_ _Fitted with Standard Heads and Concaves (c)_ 


Receiving 
opening, 
gape X approx 
total length, 
in (o) 

Approx capac, ton per hr, with 
open setting stated, in (d) 

Approx wt, lb 

Rpm 

Hp(c) 

Fall, 
ft and 
in (6) 

Mini¬ 

mum 

setting 

Tons 

Max 

setting 

Tons 

/ 

2V2X 28 

>/8 

1/2 

■ppH 

«/4 

550 

700 

4 

1-9 

8 

X 70 

1 

14 


47 

16 000-20 000 

450 

15-25 

3-6 

40 

X 80 

18/4 

39 


93 

30 000 

400 

25-40 

6-9 

12 

X 90 

2 

39-63 

31/2 

128 

28 500-45 000 

375 

45-75 

{ 6-9 
( 8-2 

14 

XHO 

21/4 

60 

3V2 

95 

39 500 

335 

75 

7-7 

16 

XI20 

21/2 

too 

41/2 

200 

60 000 

350 

60-100 

8-9 

20 

XI48 

3 

150 

5 


94 000-104 000 

330 

75-150 

10-6 

26 

X200 

31/2 

225 

6 

400 

160 000 

320 

200 

13-0 

30 

x;io 

4 

235 

61/2 

450 

175 000 

325 

125-175 

13-6 

36 

X262 

41/2 

370 

7 

600 

260 000 

300 

175-250 

15-3 

42 

X284 

5 

410 

71/2 

700 

285 000 

300 

200-275 

16-6 

48 

X332 

51/2 

1 100 

9 

1 890 

520 000 

250 

350 

19-6 

54 

X360 

61/4 

875 

91/2 

2 100 

625 000 

225-250 

225-400 

26-6 

60 

X400 

61/4 

990 

10 

2 400 

725 000-1 000 000 

200-250 

225-500 

31-0 

72 

X484 

9 

2 500 

12 

3 400 

i 400 000 

175 

500 

1 32-0 


a Crusher sise is demgnated by gape, b Top of hopper to lip of disdharge chute, e Usual gear 
ratio ie approx 1:2.5. d Run of mine rock, e Convexly-curved eoneaves and a eoncaveiy- 
curved mantle can be fitted to any of the eruahers liated, and have (1638) been used on atsee to 
424a gapei with eapae inereaeee from 25% to 60%, acoording to makm* cuMma. 
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be inereaaed without decreaee of speed; in fact, speed and capae may both be increased 
somewhat without corresponding increase in power consumption, due to non-choking 
characteristics of curved liners. 

Reduction ratio, based on max sixes of feed and product, ranges, according to makers' 
ratinga from a minimum of 1.5 to max of about 4; general aver, 2.5-3. A greater ratio is 
recommended for large crushers than for small. These are just about the range and aver 
for reported practice. 

Angle of nip in gyratory crushers is 21‘’-23°; aver very near 22°. 

Capacity depends primarily upon character of ore, sise of feed, and discharge setting. 
Throw, ajpeed, angularity of jaws, and shape and character of crushing surfaces have 
material effect. Table 2 gives capacities for different sizes, according to makers’ catalogs. 
8 ee Art 2 for discussion of applicability of these figures to different ores. 

The discussion (Art 2) of effect of various factors upon capac of jaw crushers holds also 
for gyratories. No simple formula expresses results of gyratory crushing, as does that 
given for jaw crushing. Capacities in makers’ tables are often far exceeded in mills, 
although the excess capac usually results from feeding material much smaller than the 
max that the crusher will take, with consequent freedom from bridging and clogging, or 
from the use of curved liners, or both. 

Power consumption. Reduction tons per hp-hr range from 1 for smallest machine to 
28 for a 42-in machine, according to makers’ ratings; reported field performances tend to 
run 10-20% below these figures. 

Fall through crusher proper is about 10 times the gape, up to 12-in gape; for larger 
crushers, the fall decreases with increase in gape from 8 to 6. 

Lost time in mills, due to causes chargeable to the crushers, as repairs and renewals, 
clogging and its attendant delays, averages less than 1%. Renewal of mantles, concaves, 
and chute liners, and re-babUtting the eccentric bearing are the chief causes stated. 
Most of the crushers reported were planned to work 1 or 2 shifts per 24 hr, thus leaving 1 
shift free for minor repairs. With good planning and ample supply of repair parts, such 
operation practically eliminates lost time. 

Attendance. Usual practice, 1 man per crusher to 2 or 3 crushers per man. Where 
the gyratory is the primary crusher, there should be 1 man for each to remove waste; 
where it is secondary, little or no attendance, apart from oiling and watching for trouble, 
is necessary. 

Feeding should be regular, and as nearly as possible up to capac. If feed contains 
pieces near the largest the crusher will receive, it is wise not to bury the crusher, as bridging 
easily occurs and may require laborious digging out. But bridging is much less likely to 
occur in gyratories than in jaw crushers, and many gsrratories are fed so as to be buried. 
At most plants crushers are fed by chutes or over stationary griszlies; belt or pan con¬ 
veyers, drum feeders and shaking grizzlies are also used. Pan conveyers are probably 
bist for feeding initial crushers. Chain feeders are useful to prevent " bounding ” with 
bouldery feed from bins. Chute-fed crushers mostly occupy a secondary position in the 
miUs, taking feed from primary crushers. 

Breaking points are usually omitted in modem gyratories. Large gyratories will pass 
almost any piece of steel that enters, without stalling or breakage; small ones will generally 
slip a belt before breaking, and, if motor is properly safeguarded against overload, this is 
fairly satisfactory. For direct-connected crushers, overload circuit-breakers ore probably 
beat for providing against damage. 

Size of product. For primary crushers with straight liners, all the product will pass a 
square-mesh testing sieve of aperture equal 1.7-2.2 times the open setting; 70-90% will 
pass on aperture equal the open setting; and 30-50% will pass an aperture equal half the 
open setting; the Ugher percentage in both cases corresponding to relatively friable run- 
of-miUe rocks that break granularly. The size showing max wt is at or slightly above the 
open setting. For curved liners in primary service, substitute the mean of open and dosed 
settings for the open setting in the above text. 

Cost of gyratories in 1938 was 8.5^ per lb for a 42-in machine; 10.5^ for a 16-in, and 
16^ for an 8-in. These prices are for crushers chilled-iron fitted; add 10-20% for man¬ 
ganese-steel fitting. Over 90% of ofbiiatinq cost is for power, labor, and wearing parts. 
If erudiers are run to oapao, cost should range below 6-8|i per ton for small crushen and 
1.5-2.5fi for luge. 

4 . COMPARISON OF JAW AND GYRATORY CRUSHERS 

Table 3 oompotes crushers of the two types of cme maker. It shows that, when 
wcMrked ^ pnee of a gyratory is 27-77% that of a jaw crusher capaUe nme 

reducnilkxh ii partide sise; also, that in some ciroumstanoes, the gyratory will crush 



Table 3. CompariBon of Jaw and Gyratory Croahers 
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1.7~4.3 times as much as the jaw crusher per installed h p. But, when the quantity of 
rock to be crushed per hr is witUn capac of 1 jaw crusher of proper gape, price of a gyratory 
for same work is 1.3-2.5 timm that of a jaw crusher. Power for a jaw crusher when idling 
is about 50% of that at full load, and full-load consumption is alx>ut 50% of installed 
h p; corresponding percentages for the gyratory are 80 and 60%. Applying these figures 
to Table 3, it appears that for machines crushing to 4 in or less, power consumption per 
ton is less in the jaw cruslier. In coarser crushing to 5-12 in, power per ton crushed is 
less for gyratory than for jaw crusher. Repairs, cost of installation, and loss of head are 
all greater for gyratory than jaw crushers for all sizes. Hence, it may be concluded that, 
for quantities that can l>e handled by 1 jaw cruslier, the jaw crusher is the more economical 
on all counts; also that, fur coarse crushing, the gyratory consumes less power per ton. 
but costs more to buy, install and keep in repair, and for elevating the material. The 
gyratory is advantageous in allowing expansion in capac, it can be set higher than a jaw 
crusher, due to absence of vibration, and can be fed from all sides. But, if the rock is 
clhyey or fibrous or does not break freely, it is more likely to clog. The shape of the 
gyratory’s crushing zone prevents discharge of large unbroken slabs, such as can pass 
through a jaw crusher; hence gyratory product is more uniform than that of a jaw crusher. 

Following empirical relation, based on analysis of good practice, indicates roughly the 
proper crusher to use, considering tonnage and size only: if hourly tonnage to be crushed, 
divided by the square of the gaiie in. inches, yields a quotient less than 0.115, use a jaw 
cniaher; otherwise, a gyratory. 

6. GRIZZLIES (24) 

Grizzly bars are best of taper section, to prevent choking; sometimes of special 
croBO-sec, such that when worn out there will be minimum waste. Bars are threaded on 
rods and distanced by thimbios. Their slope must exceed the angle of friction (usually 
greater than 32°); when less than 40°, tlie ore must sometimes be helped forward by hand. 
They are gonorolly used for separating fines from breaker feed. Grizzly dimensions are 
determined more by mode ef feeding and using, than by tonnage treated; capac should 
greatly exceed demands. An aver figure for capac is 125 ton per sq ft per 24 hr per inch 
of aperture, with proportionately greater (or less) capac with greater (or less) bar spacing. 

Heavy, coarse woven-wire screen or punched plate is often used instead of bars; espe¬ 
cially for fiat, shaking grizzlies. Roller grizzlies, consisting of a number of spaced circular 
disks on a horiz revolving shaft, or rings on a cylindrical cage; and traveling grizzlies, 
composed of parallel l>ars, spaced between corresponding links of parallel chains, making 
B continuous apron running over head and tail sprockets, are also used as combined feeders 
and screens aliead of coarse crushers. 


6. REDUCTION GYRATORY. CONE CRUSHER 

Reduction gyratory, a new tj’pe, for intermediate crushing, is made both in the 
suspended-spindle and the pillar-shaft (fixed spindle) types. The latter is similar to the 
pillar-shaft breaker, except that the fiare of the breaking head is greater in the reduction 
gyratory, and the concaves fiare downward, instead of converging, to maintain the 
required nip angle. Suspended-spindle machines are fitted with convexed bowl liners 
(concaves) having chords vertical or flared downwardly. Head has straight surface 
elements, or is concaved near bottom (bell-head). Speeds are higher than for primary 
machines. Combination of high speed, long discharge opening and substantially parallel- 
sided fine-crushing zone tends to eliminate choking and to size the discharge nearer to 
closed setting of crusher. Machine are rated according to the bottom diam of crushiiig 
head. Performance data, as estimated by mfrs, are given in Table 4. Structural materials 
correspond to those described for primary gyratories. 

Size of product. Machines in typical fine-reduction service (fine bowls, closed settings 
of 0.5-in or less and small throws of 0.25-0.38-in), make products all of which will pass a 
square-raesh screen of 2-3 times the closed setting; 50-65% is finer than closed setting and 
25-35% finer than half the closed setting. This construction has advantage of giving a 
large discharge area for a given set of the crusher, and consequently a larger capac. Usual 
sitoB are 4-, 6- and 10-in gape. Capac of this new machine is not established; as given by 
one maker, it ranges from 24 ton per hr to 0.75 in, to 48 ton to 1.5 in, for a 6 -in crusher, 
and from 80 ton per hr to 1.5 in to 135 ton to 2.5 in for a 10-in crusher. 

Cone-type crusher is of the fiaring-bowl gorratory-type of intermediate crusher. The 
crushing head, flat-conicid or hemispherical in idiape, is supported oh a large bearing of 
special design (hemispherical, roUer, etc) and is ^ated by a long, ball-supported eccentric, 
(hiven by bevd gearing. The stationary crushing surface (bowl) is attached to the main 
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frame bolta a 9 tiitg againet a nest of 
springs, which compress and allow the head 
to lift when an uncnishable body enters. 
Set may be adjusted while running, by loosen¬ 
ing lock nuts and revolving the bowl. Sises, 
capao and power consumption, as stated by 
one maker, are given in Table 4. 

Reduction ratio, based on max sises of 
feed and product, ranges, on some 20 field 
reports, from 3 to 18, with the aver between 
6 and 6. High reduction ratios are possible 
only with coarse and medium bowls, annu- 
larly corrugated near mouth; short-head 
machines work at lower ratios in open circuit, 
but can be pushed to 8 or 10 by closed cir¬ 
cuiting, in which ceae circulating loads may 
bo upwards of 100% and new-feed capao will 
be somewhat reduced. 

Angle of nip at mouth in short-head ma- 
fshines is about 10° or less, and decreases in 
fine-crushing sone; in the standard machine, 
the coarse bowl apparent angle in coarse- 
crushing sone is about 35°, but this is 
decreased to between 25 and 30 by annular 
corrugation of bowl. 

Capacity is a function of area of discharge 
opening and of crushing surface. A rela¬ 
tionship, reasonably safe for purposes of esti¬ 
mate for standard crushers taking primary 
crusher discharge with a max particle sise 
75-85% of crusher gape, is 

^ . /5 - 0.06\ « 

^ ^ + V“().Trv ^ 

in which C = ton per hr, S = set, in and 
d = rated size of crusher (d^am of head at 
bottom in ft). With sized feeds, sualler 
reduction ratios (max feed particle about 
50% of gape), and setting of 0.5 in and under 
(usual shorl^head practice) add 25-60% to 
formula capacities, the larger figure for the 
larger crushers. Nordberg Mfg Co call 
attention to the fact that cone-crudier capoc 
on a given ore may vary 60%, according to 
moisture and clay content, and the like, and 
they therefore do not approve the use of a 
formula for their machine. 

Power consumption. Reduction tons per 
hp-hr range from about 2.5 for 2-ft cones 
with fine bowls to 8 for 7-ft cones with coarse 
bowls, or rou^y a little more than the cone- 
size rating in ft. 

Size of product. In open-circuit crushing 
the product will all pass a square-mesh screen 
of aperture 1.8-2.2 times the closed setting of 
the crusher; 20-25%, on the aver, is coarser 
than the closed setting; range is 10-65, teing 
greater, in general, with coarser settings; 
about 36-40% is finer than half the clo^ 
Ktting. These figures arc based on sizing 
testa from some 20 random field perform¬ 
ances. In closed-circuit work the limiting 
sise may be mibstantially equal to the closed 
setting, with upwards of 60% of the product 
finer ♦ha" half the ckMed setting. 
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Feedi^ ibould be regalw. an^ fl^e|rly as inMble up io -eapac at l£ie qpeed at which 
{he machine ia operated. ’^ReduM|h bf tpeed, from catalog figures, will save some power 
in connstratly underloaded crulirerB. jti^jonons cone hgs a circular feed plate, mounted 
on a l^estal on top of crushing head, from which plate the material spills off evelkly all 
around, if feed stream is brought to it vertically-and near the center. Side-directed entry 
of feed stream overloads one side and underloads other; much oversise is discharged on 
underloaded side. If bridging does uot occur, due to slabby oversise, cone-type cruriiers 
may be buried, but this practice involves much digging after emergency shut-downs. 

Wear on bead mantles and bowl liners ia remarkably uniform; as a result manganese- 
steel fittings may sometimes be run down to 0.5 or 0.38 in before scrapping, ihe residue 
then cqpprising only 20-25% of the original wt. Reported lives of Mn-steel fittings 
range from 60 000 to 850 000 ton; steel consumption, 0.005-0.05 lb per ton aushed, aver 
near 0.02 lb per ton. 

. Attendance. Si>ecial attendance, such as is required for primary crushers, ia not 
needed. In general, one attendent can take care of the secondary-crushing section of a 
plant of any size, except where screens require constant attention due to moisture, or to an 
excess of wood chips or other fibrous waste. 


7. ROLLS (24) 

Rolls are of two general types, rigid and spring. Riain nonns, the older, are now 
rarely used. Their bearings are rigidly fixed on the frame, so that the rolls must stall, 
or their shafts bend or break when an uncrushable particle enters. 

Spring rolls. Table 5, generalised from catalogs of the principal makers, gives sizes, 
weights, speed and power consumption of standard rolls. Weight of a given size of roll, 
as offered by different makers, varies widely. The lighter rolls should be chosen only'for 
small tonnage, or very easy crushing, or where first cost is paramount. Heavy rolls for 
heavy service repay the greater first cost in a short time, in lower repair costs and con¬ 
tinuity of operation. 

Shells are of high-carbon steel, rolled like locomotive tires; of forged chrome-steel, 
rolled or bored to size and taper; or of manganese-steel, ground to proper shape. For light 
service, rolled high-carbon shells arc excellent; it is claimed that, because the surfaces are 
not extremely hard, their nip is more assured than with harder shells; also, cracking less 
readily, they can be worn very thin before replacing. 

Life of shells is in general 20 000-50 000 tons crushed fqp small (less than 36-in) fine- 
orushing roUs, of chrome or high-carbon steel, and 300 000-1 000 000 tons for large rolls 
in coarse crushing, tonnage in both cases including circulating loads. Manganese and 
high-carbon steel are best for coarse crushing. Thickness of new shells is 2.5-4 in for rolls 
to 36-in diam, and 3.5-6 in for larger; thickness when discarded is generally 0.5-1.5 in. 
Shells are rarely worn as thin as 3/g in, which can bo done only in fine crushing and with 
very tough stool. Consumption of shells, including waste, is 0.01-0.1 lb per ton. 

In a mill whore rolls crush to different sizes, partly worn shells from fine rolls may be 
transferred to coarse rolls, if of the same size, since the loss of eifio in coarse rolls, due to 
slight pitting, is much leas than in fine. Flanging and pitting of shells are prevented or 
materially lessened by proper attention to lateral adjustment. Emery bricks held con¬ 
stantly against the back of the rolls diminish corrugation. At Van Roi mill (3), use of 
emery bricJrs tripled life of fine-roll shells. In S E Missouri, flanged shells are taken off 
unii ground or turned down in a lathe, according to whether they are manganese or rolled 
steel. A 54- by 20-in shell can be turned down in 20-30 hr, dependent upon extent of 
corrugation (4). 

Adjustments possible in well designed rolls are: (a) distance between roll faces (set); 
(b) lateral adjustment of one or both roll shafts. Roll setting is done by pinning the 
nuts at one end of tension rods, and so arranging the nuts at other end that th^ are both 
moved equally and dependently by the adjusting mechanism. This mechanism also 
provides for backing the movable roll away from the fixed roll, to free them in case of 
clogging. Latbbal adjustment. To prevent flanoino, the range of this adjustment 
must be such that either edge of both roils can be made to run, a part of the time, on the 
face of the other roll. To prevent cobbugation, rolls diould be shifted about 0.6 the 
diu m of largest jiarticles in feed. Lateral adjustment is manual or automatic. Objection 
to twanua-l adjustment is that it may be forgotten or purposely neglected by roll operator; 
a short period of neglect may ruin the surface of the shdls. The objection to automatic 
adjustment is the difiioulty of making a simple, durable and certain shifting mechanism. 

Angla of nip is angle formed by tangents to roll faces, at their points of contact with 
PATtidsB to be crushed; it rarely exceeds 25^ The range in a number of mills was 5* 36' 
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to 86* 30'; mronksioc 38* 31' for feeds ^oeteer ihpn 13* 86' for feeds of 1-3 in, 14* 38* 
for feeds ^ 0.6-1 ia and 11* 25' for s&eUer than 0.6 in^. 'Hie'vsiiatioa is due to use of 
large roib witli small feeds for gating eapaoity, gskd this snglea with ooane feeds asy be 
taken as a safe aver. 

Table 6. Summary of Catolog Date Coaeemiiig Crosbiag Rofls 


Sise, 
diun X 
face, 

. ia 

No 

of 

makers 

(e) 

Wt,lb 

fipMd 
recom¬ 
mended, 
r p m 

H p 
recom> 
mended 

Approx overall 
dimeneions, ia 

e. 

Min 

(6) 

Max 

(6) 

Min 

<e) 

Max 

(c) 

Min 

(d) 

Msx 

(d> 

Length 

n 

Hdd>t 
to top 
of 

hopper 

12 X12 
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mmm 
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6 

mm 
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18X10 
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6 500 
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71 
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90 
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90 
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11 

82 

78 

36 
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3 
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90 

160 
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11 

M HI 
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75 
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HHH 


27X14 

1 

10 800 


125 
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66 
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10 
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10 
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94 
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75 
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15 
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46 
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3 
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50 
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12 

18 
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3 
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51 
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54 
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1 
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50 

175 

13 

25 
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SO 
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33 
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33 
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23 

60 

176 

135 

74 

48X2Q 

3 

50 OOO 

80 000 

33 
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5 
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103 000 

28 
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70 
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85 
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90 
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91 
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1 
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65 

85 
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9t 
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4 
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40 
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90 
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72X24 

4 

133 000 

230 000 

40 
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III 

72X30 

2 

205 000 

235 000 

50 

75 
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III 

78X20 
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242 000 
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• - ■ > . 
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(a) CstslosB of £ prineipd makers are summarised. This edumn ^ves the number of these 
oaakera who manufacture a mven sise. (b) lightest and heaviest of the sue listed, (e) Not usually 
by same maker. Low soeM usually correspond to Ikht-weigbt rolls, (d) The lower figure < 
responds to light rdls at low speed and vice versa. («) Two motors. 

Angle of nip varies with diam of roUst diam of particle and aet of rolls. For large par* 
tides, large diam roUa must be used, or tbe reduction ratio muet be small. When feed of 
given lise ia not being nipped, it is usual to install larger rolls or increase dietanoe betwem 
them* and oonaequently the sise of product. An expedient at one jdant is to cut a tnuns* 
jmrmi groove in one ehall; whmh, of course, incrMses tl^ia uip amide at that point. At 
Ameriean Graphite Go, mnooth dielle would not nip; overcome by drilling 8 sets of four 
iJMn Adse at equal angular dietaneee around the faces (5). Sludla with bansveree oor* 
' rugationa are aotmitimec used for eoane cruahing, but the practice ia itot well eetablished. 
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Dkm of rodb (TaUo fl). Lw«Mt ooaunordid roli io 78 ia dloai; db aoilor 
244a an ran exoapt in labotatoriaa. 

Spoad jdunild ba kmar for luud, tcaicb reek thui for aoft and brittle rook, Ian for dry 
than for wet feed, lew for ooarae feed than for fine, and law for a laroa reduction ratio 
for a amall, nip being the oontroUing factor in ea^ eaae. 

Reported qpeada an from 382 ft per min 
Table C. Diameter of RoUa for Different ^ ^ 060 ft for 72-tn. Mon <a 

Sixeb of Feed independently of the other faetora, prac¬ 

tice tenda to keep below 900 ft per min for 
rolls to 36 in diam, below 1 000 ft for 42-in, 
and not above 1 600 ft for 66- and 72-in; 
higher epeeds an dangerous to apringa, ahafta, 
frames and foundations. At Miami Copper 
mine, 56-in rolls taking —3.5-in feed run 100 
rpm; same siae with —2-in feed, at 115 rpm. 

Capacity of rolla is, theoretically, the wt 
of a riblxm of on, the length of whic^ is the 
peripheral travel per unit of time; breadth, 
the width of face; thickness, the set, or 
distance between roll faces. With open set¬ 
ting. actual capac never reaches the wt of 
“ theoretical ribbon; *’ which is more newly 
approached the smaller the set. 

For rolls set cowser than 1 in, about 6% 
of theoretical ribbon is to be expected; for 
sets between 0.25 and 1 in, aver performance 
is 15-20% of theoretical; for sets lew than 
0.25 in, aver is 20-30% of theoretical, with 
free feeding. With choke feeding, in closed 
circuit with a screen, from 100 to 250% of 
theoretical ribbon is to be expected, the set 
bwng assumed as the screen aperture X 0.3. Rolls may be in actual contact, or with a 
small space between faces; mean cross-eec of ribbon is, of course, greater than the set, 
sinM the rolls recede e^inst the spring pressure at short, irregulw intervals. Percentage 
of theoretical ribbon that can be om^ed is about 50% greater for soft, easily crushed 
rock than for hwd, tough rock. 

Reduction ratio, baaed on max sises, in open-circuit crushing averages about 2; when 
circuit is dosed with screens, ratio may run as high as 12, but averages new 4. Circu¬ 
lating load with high ratios may run to 300-400%, against 50-100% with aver ratio; 
in general, Iwge circulating loads mean choke crushing. 

Power consumption, based on amount of new feed per h p-hr, depends upon kind of 
rook, sixe reduction, stse of product, and the circulating load, if any. Averages; 0.4 ton 
per h p-br to less than 0.25-in sise; 0.6 ton per h p-hr to sises between 0.25 and 0.75 in; 
0.76 ton per h p-hr to sises between 0.75 and 1 in; 1.6 ton per h p-hr, for sixes between 
1 and 1.6 in, and 2.8 ton between 1.5 and 2 in. Reduction tons per h p-br aver 1 in open- 
drouit and 2 in closed-circuit crushing, ranging from 0.3 for 24-in rolls to 3.5 for 78-in 
in open-circuit, and from 0.3 to about 5 in closed-circuit work for same sixe range (30 mille 
reporting). 

Feediim. For max capac and effic, rolls must be fed at a constant rate and with stream 
distributed over full width of face. In vbee-fbbd there is freedom of movement between 
particles resting in the V of the rolls prior to nipping; in chokjs-feed, the particles in the 
V are piled up to such depth that no free movement exists. In free feeding each particle 
is broken, substantially individually, and crushing is almost continuouA; in choke feeding 
of materul pass through intermittently, the roll faces springing apart to permit thdr 
passage; tiiere is much abrasion between particles, resulting in lew granular product than 
with free feeding. Except for the Iwgest rolls, choke feeding is practical^ only tnth 
tnatariat already crushed to 0.25-in or lew. Rolls are ordinarily run dry. 

The lower limit of tise for effio cnishing is not clearly established. If a larodaot passing lO-mwb 
is all that is desired, it is economical to complete the cnishing in rolls. For a hnsr product, ball- or 
rod-mil|s are more soonomiesl. Prepondieratit prsotioe (1938) ix to feed bsh ndlls with matsiisl m 
siM, ranging from 0.25-in to 10-mssh, and to um rolls in olossd drenit with vibrating senmiis to 
pcoduoe this, material. Much test work being doM with dtoridiead cones to disidaee roBs fas 
this serviss. because ei the larger reduction ratio possible, and results of some tests are premiaiiifr 
At Nevada Qonaol (8) red xcilla taki n g minea 0.74*0 faad are reported to ahow w advn^gs or 
gkM per ton over rolla for uoldag minus tOrweiA food for ball mOls. BoUs oaa. orush to 20 -xmA or • 
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(a) Allowing 25‘ nip angle. 
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Bbw, but to do BO muat be eet cloee end choke^ed. Tbia ia vtity oMoonoBueett due both to ueer 
und tear and to poww oonaumptioa. 

Oiaded crushing reduces particle sue by a series of crushers, each with a smaller dhn 
charge aperture than tiie preying, and material fine enough to pass tiie neat crusher is 
removed beinreen the crushing steps. This minimiaea production of slimes. Sise reduc¬ 
tion in &e succeasiTe steps is usually small; of the oi^er of 2 or 3, based on aver ase. 
The altem^vB extreme is to break down with as big steps in reduction raiao as use and 
strength of the crushers permit; with no removal of fines between the crushers, except 
that the last one is in dosed circuit with a limiting screen. 

Before the application of flotation procewee to baae-metal milling, when minimum sliming was 
aaaential to max recovery, graded cmahing was asaunied nereaaary, apparently with little expui* 
mental evidence. But, an exhaustive investigation by N J Zinc Co, in crushing by rolls a sphalerite 
ore with granitio gangue from 1 in to 0.1 in max sise. showed that the amount d —0.029 in sise 
]produeod was the same, within a range of about 2% of the weight ci-ushed, irrespective of number 
of steps or presence or absence of intermediate screening. Tests in Columbia School or MtNm 
Uboratcry have shown that the siting test of product of rolls with e given set is practically the same 
with a given ore, irreepeotive of sise of feed; provided only that the rolls are free crushing, that they 
nip the particles, and that the feed contains no undereise. The significance of the last reetrietion 
lies in the fact that, if different feeds contain different amount of undersiM, these will affect the 
screen tests of products, even though they pass through the rolls without breaking. These facts 
seem to establish definitely that, in free crushing in rolls, there is no advantage in graded crushing 
•ad intermediate sweening. 

Charnctsr of roll product. Two oases arise: (A) rolls are set with a definite distance 
between faces; (B) faces are set close. In case (A) the feed is generally more than 75% 
coarser than the set (aver of 19 random cases, 83%); in the cases investigated, the product 
ranged from 4% coarser than the set to 78% coarser (aver 45%) which gives 45% aver 
reduction in peroentafce of material coarser than the set. In the same operations, the 
percentage of material finer than half the roll setting averaged 30, and ranged from 2 to 
66 % when there was an aver of less than 5% of such material in the feed. In case (JB) 
the aver reduction in max particle is close to one-half, this aver applying as well whore 
mfix feed sise is 20 mm as for 1.5 mm. Aver percentage of material in the product smaller 
than half the max particle is about 60; range, 30-80; smaller than half the set, ave^ 20% 
in open-circuit crushing and 30% in closed-circuit. In the cases investigated this aver 
represented an increase in such material over that present in the feed of about 2.5 times. 
Applying these generalizationB to specific problems: (a) For a feed contuning 76% of 
-f-l-in materiid to be crushed in rolls set 1 in, the aver product would contiun 41% 
-j-l-in and 30% —0.5 in. (b) For a ieod containing 5% of -f 20-inm, to be crushed in 
rolls set close, the aver product would contain about 6% of -f-lO-xnm and about 60% of 
—6 mm sise. 

Applicability. Rolls are the most widely used intermediate eruihers for feeds smaller 
than 1A in, and delivering products down to 0.1 in. In such service they have large eapae, 
low power consumption and relatively low repair costs. They are rugged, reliable, 
simple in construction and easy to repair. 

Cost of roll crushing. The elements are power, labor, repairs and lubrication. For 
power consumption see Table 5. One man can attend to 3-12 sets of rolls; aver in 
20 plants was 6, where roll tender bad no other duties. Repairs may be estimated at 
about twice the cost of shells. Consumption of lubricant is 2-30 lb per 24 hr. On these 
bases, cost of crushing to —0.25-in should not exceed 7^ per ton in small roUa (36>in or 
smaller), nor 4.5(1 in large. Coarse crushing costs considerably leas, due to smaller poww 
consumption and labor cost. 

8. GRAVITY STAMPS (24) 

OfavHy stamps are now used only in mills in which they are already installed and thsir discard 
and rsplacsment are not economically justified on the basis of expected life of the mine, or in very 
gold mille where plant oapac ie inaufficient to justify installation of a 4-ft diam ball mill. In 
large mills, stampe an now run as an intermediate crusher, with open front or 0.75 to 1-in screen; 
in small mills, as intermediate and final crusher, with fine screen and primary-eruaher product es 
feed, 

Woiglit. Stamps stre rated on the wt of the falling part: hi Ambuoan mills, 1 250- 
1 500 lb; in Sotrrs Aruoa, 1 500-2 000 lb are more usual; old CAuroBMxa practiee, 
8 SO-k OSO lb, many of which ars still found. 

^ liis df puts. Dm and saoas ace of dulled C I, eemi-steel, forged steel, dmxne steel 
■nrttnengsneeo steel. Consumptioaof G-I diet ranges fromO.16 to OAOlbpe^tcm arttdMd;for 
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ohrome-sted diet, 0.1<M).20. ComMtponding oonmimption of ahoes is 2 to 3 times M great. 
Snau ue of hsiximeied iron or mild steel, turned and poliiAied, and tapered botli ends to 
moke them rev«rnble when broken. Amount of breakage depends upon length, position 
and condition of guides, and wt of tappet. Broken ends may be turned down and 
stem again used, if not too short. Annealing before turning down defers subsequeot 
breakage. Sobbsns ore subject to considerable wear; their life depends upon hmdness 
of oro, acidity of water, the screen material, type of screen, and kind of perforation. Dis¬ 
charge through' screen depends upon kind of perforation, and percentage and sIm of 
opening. Present practice, where large capao with coarse discharge is sought, is to use 
woven wire, which has a high percentage of opening. Brass, copper, bronse and steel 
wire ore common. Steel wears best, but fails quickly in acid water. Screens for fine- 
crushing stamps ore usually renewed before failure, due to increased sise of aperture from 
wear; hence, for fine crusliing, heavy plate and coarse wire are not very economical,, 
especially because they reduce the area of opening, and therefore the capac; they ore also 
mote subject to clogging. Capac requirements dictate screens of moderate wt, even if 
more frequent replacement becomes necessary. Percentage of opening varies Imt little 
for medium-weight wire-cloth screens, irrespective of aperture. It is greater for fine dotii 
than for fine punched plate, but the latter is stronger. Life is extremely variable, ranging 
from 2 or 3 days to perhaps 2 weeks for fine screens, and 2 weeks to 2 months for coarse. 

Height of drop is variable within small limits with a given cam, by changing position of 
tappet on the stem. Amount of variation is small if the tappet is to be picked up at the 
point on face of cam for which it was designed. Height of drop is usually 6 to 8 in; it 
increases as dies and shoes wear; it is kept as nearly constant as possible by changing 
position of tappet on the stem to compensate wear. 

Drop aequence. Cams are spaced equally on cam shaft, with their arms 36° or 72° 
apart, depending upon whether the shaft carries 10 or 5 cams. Sequence of drop in any 
one mortar has marked effect on the work done. Rules governing sequence; (a) no two 
adjacent stamps should fall in succession; (b) when one stamp is falling its neighbor 
should be rising. 

Common sequences aimed to satisfy these rules are: Hombstakii, 1, 3, 6,2, 4, which, 
stated backward, is 1,4,2, 5,3; California, 1,4, 2, 3,5 1,5,2,4,3; and modifications 

of the latter, as 1, 5, 3, 4, 2 and 1, 5, 3, 2, 4. The Homestake sequence comes nearest to 
satisfying theoretical requirements, but many operators hold that the California dis¬ 
tributes the pulp better on the dies, and its swash of pulp in the mortar best facilitates 
discharge throu^ the screen. When a lO-stamp batteiy is used, the sequence 1, 3, 5, 2,4 
becomes 1, 7, 3, 9, 5, 2, 8, 4, 10, 6 and 1, 5, 2, 4, 3 becomes 1, 6, 5, 10, 2, 7, 4, 9, 3, 8. 

Height of discharge is the vert distance from top of die to top of lo'Wer rail of screen 
frame. It increases as the dies wear. To keep it nearly constant, as should be done, 
OHUOK BLOCKS of different heights are used, which vary height from die to bottom of 
screen opening; for closer regulation, slats 1-1.5 in thick are placed between bottom of 
screen and top of chuck block. Height of discharge may also bo varied by a false bottom 
under the dies, but this has an imfavorable effect on character of impact of the blow. 
High discharge tends to produce slime. If this is undesirable, a fine i»oduet con be made 
by lowering the discharge, and using a finer screen. 

Duty is tonnage crushed per stamp per 24 hr. Representative figures: 1.8 ton for 
750-lb stamp and 0.022-in screen; 21.1 ton for 1 550-lb stamp and 0.2-0.28-in screen; 
30 ton for 2 000-lb stamp and i/s-ii^ screen. 

Conditions affecting duty: character of ore, sise of feed and product, wt of stamps, drops per 
min, height of drop, drop sequenee, shape of mortar, mortar foundations, and condition of shoes 
and dies. Increase in capac with inoreaBe oi faluno wsiort is subetantially uniform. Tests on 
a 10504b stamp indicate max duty with fbbd sisn between 1 and 1.5 in; but, while this is true 
in general, the mas point is not definitely fixed. Several plants using coarse battery screens and 
Snfahing in tube-mllls report an increase in tonnage per h p-hr due to placing a by-pass screen ahead 
of the battery, with the same aimture as the battery eoeen. Clark (11) says a 0004b etamp oan 
handle 84n fe^ and that no gain foUowa decreasing eieo briow 2 in. 

Speed. Aver ia dose to 100 6 to 8-in dropa per min with heavy stunps and ocmieudiat 
longer <hx>p with light stampa. 

Power required variee with wt of atamp, height of drop, and number of drops pear min. 
Thsoretioal power per atamp may be calculatod by formula: Hp WH N + {12X 
88 000};; where W ■> wt of stamp, lb; if ■■ height of drop, in; N » number of drops 
par per min. Total theoretical power for a tmttsry is the o^ye figure X number of 

ataiqp!4.' Actual power exceeds the theoretical by 16-70%. An allowance of 86-3i>% 
exoppi ia adfe for estimating. Aver tonnage per hp-hr is 0.074, with oeresn apsrturs flaw 
thail!)'^.05-in; 0.138 for qmrturea from 0.05 to 0.26; 0.26; 0.164 for ^psrtorss oosnsr ihan 
Trusoott states (12) tiwt So African stamp-miifing averages 0.05 ton per 
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from tiirott^ 30- to 40-niMh so^ii, 0.1 ton througfai 12- w 10>nwsh, nnd 0.2 toOi 

througb 3- or 44noah. 

Wctor. Om^ront practice is confined to wet cnuhing. Reports from 6 Tnillf show 
mobture in imlp discharged Uirough the screen to ruige from 75-04%. Aver Rand 
jirftotiee is about 85%; range 50-90%. Quantity of water per ton is less with coaies 
screens than with fine, and decreases with height of discharge. 

Feeding is always automatic, to secure proper regulation. Irregular feed decreases 
oapac, and increases breakage of stems and c^-shafts. Challenge feeder is the com¬ 
monest and moat satiafactoiy, especially on wet and sticky ores. 

Lost time Is due to breakage of stems, shoes, cana and earn shafts; dropping of boas heaihi or 
shoes; slipping of tappets, pulleys, cam-shaft ooUars; renewal of shoes, dies and screens; adiust- 
ments of height of dieeharge and ^ drop; and dreasing or cleaning up amalgamating platss. Tha 
latter cause is not directly chargeable to crushing. The othw losses range from 1 to 11%. 

Cost oi cruthlng by gravity gtampg is from about 15 to 50^ per ton, depending upon 
nae of product discharged. 

Fine crushing is done almost excluaivsly in ball-, tulie- and rod-mills (see Taggart, 
Handbook of Mineral Dressing; also. Sec 33). 

0. HAND SORTING (24) 

General. Sorting or BANi>-FicKmo is the manual removal of selected grades from 
broken ore. The picked material is usually high-grade or shipping obd, or wabtb, or both. 
Due to its coarseness, sorted ore may be worth more per ton than mill concentrate; and, 
being diminated thus early, is not subject to danger of loss in mill treatment. 

Advantage of sorting are increased output from a given mine and mill equipment, 
and reduced wear on milling plant. On the other hand is the question of allowable pro¬ 
duction. Even if the increased mill oapac is not utilised, effio may be increased, due to 
the reduced load on the mill. Shipping ore and waste are often picked simultaneously, 
the residue being hiuung obb. High-grade complex ores may be separated into several 
olaases; as many as 16 have been made at Clausthal (14). Such close work requires 
breaking with hammers, besides actual sorting. Breaking with heavy long-hiuidle 
hammers is called blbdqing; further breaking with light long-handle hammers, spauinq; 
final breaking with light i^ort-handle chisel-pcen hammers, cobbing. Due to high 
wages, these operations are rarely practiced in U S, except at proq>ecta and very ■midi 
mines, but they are common in many foreign countries. 

When the ore-treatment process is chemical, sorting ser%'es to remove deleterious sub¬ 
stances, that consume chemicals, hinder settling and filtration, adsorb and carry valuable 
aolutes into tailing, etc. 

Apart from necessity for removing refuse from mill feed, and deleterious substances 
from feed to chemical processes, the decision as to advisability and extent of sorting is 
purely economic. The cheaper the labor, and tho more ineffic and expensive the mechan¬ 
ical treatment, the farther can sorting be carried and vice versa. Undoubtedly sorting 
could ^ introduced advantageously at many plants, but it is equally true that it is some¬ 
times practiced where economy demands its discard or curtailment. For investigation of 
economics, see Art 11. 

Sorting of some kind is a part of every mining and ore-treatment operation. In 
narrow orebodies with distinct walls, much country rock unavoidably broken is sorted 
out underground and may be used for filling. In minm containing segregations of pure 
valuable mineral, as in some Lake Superior native-copper deposits, the valuable mineral 
is picked out underground and sent to the surface. But underground sorting is usually 
uneoonomic, because of restricted working places, poor light, poor presentation of material 
and obscuring effect of the fines present. Some sorting to remove wood, roi» ends, pow- 
dm sjul bramp steel is done ahead of the primary crusher in practically all mills; but this 
wmk is incidental to crushing, not to hand sorting proper. 

If valuable mineral occurs in coarse aggregates, or if considerable waste is mined with 
the ore, ore and waste are readily distinguishable by eye, the economics of sorting 
■hould always be investigsted. 

10. SORTING SURFACES AND OPERATIONS 

Sorting ia done on Soon, stationary tables and grisiUes, and various Idads of moving 
smfaflsa, as nvotving tables, pan or belt conveswrs (See 27), sh akm g feedma, s h a king 
ia»NM or grisrika ^ 84, 35). In modem U 8 praetioe and on the Rond, matwial fed 
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to Bortiiig Mirfaceo is prepared mechsoically, with little or no breaking during aoiiin^ 
but in European urd aome Latin-Amoioan milU much spalling and cobbing is done. 

Sorting Soon are used vhere labor is cheap, or spalling and cobbing are practioed. In its 
erndast form a “ floor” is a levti surface that can be thorouidily swept, on which ore is dumjpcd and 
picked. Contract work is customary. Each contractor is assign^ a oertain space; deuvery of 
ore and collection of products betas made by the company. Sorting floors have reach^ thw hish- 
est developihent at aome of the Rand gold mines. Disadvamtagbs: all materiel must be moved 
manually, and sorters work in a stooping, tiring position. Advamtaok is thorough inspection, 
becauee every piece of material must be turned over and piokere are not unduly hurried. 

Tables for sorting permit pickers to ait or stand comfortably. They remove whitdt*- 
aver separable component of the feed is present in smallest bulk, and drop it below them 
into proper receptacles, finally scraping the residue through an opening in the table surfr.ce. 

Fixed chutes and grizzlies for sorting are of the usual types, with the limitations that 
their elope must be near the sliding angle of the ore (15°-25^), and width must not exceed 
that which is readily inspected and worked (about 24-30 in when worked frrnn one side 
and 48 in when worked from both sides). If slope is less than sliding angle, material ia 
moved $dong with rake or hoe; if greater, flow is stopped as desired by a board, hoe or 
shovel inserted into stream. These devices are not us^ when much of the total material 
ia to be separated, nor for close sorting. They are chiefly useful when rope, wood, powder 
and tramp steel are being removed from the primary crusher feed to obviate mill trouble. 
A grizsly expedites selection, because of removal of fines; but, if particles are tabular or 
wedge>s^ped, grizzlies clog badly at the low speeds at which the material passes and it ia 
therefore difficult to control movement of material. 

Moving surfaces for sorting (see beginning of this Art) eliminate manual handling of 
reject material. But, as this reject is nut turned over by or for the picker, material that 
abould be removed is overlooked; also, all material passes at a uniform rate, irrespective 
of the components that should be removed, with the result that pickers are sometimes 
unduly hurried and sometimes underworked, if aver speed of travel is right. Nevertheless, 
much hand sorting is now done on moving surfaces because of the advantage of mechanical 
totmaport of the reject. 

Belt eonveysrs (Sec 27, 35) are the commonest picking surfaces. Width, 24-30 in 
for one row of pickers; 48 in for double row. 

Stations for inckers are 3-6 ft apart, with a chute at each for the reject. Theae cbuxsb ase 
placed beside the picker or on opposite side of belt; the latter being probably beat for eises to 3 or 
4 in, that can be thrown by a flick of the wrist; but pieces needing two hands are best drawn toward 
the pieker, and it may be lees tiring to draw one>hand pieces larger than 4 in to the pickw’s side 
than to throw them away. Chute mouths should be large, so that accurate throwing is not neeea* 
sary, and so shaped that pieces will not bound out. Spsbd of belts is 10-80 ft per min; aver, be¬ 
tween 80 and 40 ft. The smaller the pieces and the greater the amount of reject, the slower the speed 
and the longer the belt. Tuttle (13) states that in coal picking (See 34} bdte are usually 4 ft wide 
and run at 30-60 ft per min. For picking oversise of 1.5-in screen at 30 ton feed per hr he recom¬ 
mends a length of 15 ft, plus 10 ft for each 3% of waste removed. On 0.76 to 1.5-in aiaea he recom¬ 
mends 30 It per min travel and, fur a feed rate of 20 ton per hr, 15 ft of belt for every 1.5% of 
material removed. For more than 4-6% impurity, washing is preferable to picking. Belt should 
be only elighUy troughed, to prevent heaping-up in the middle. A wide, flat belt, with feed carried 
not nearer than 6 in to the edges, is often used. Belts are suitable for any sise of feed that can be 
handled by pickers, but they will not stand much sledging, and wear excessively with feed ooaraer 
than 6-8 in, eepeoialiy when, as should be the case, iines have been screened out. 

Ran eonvqrer, used for coarse material, resembles the belt. Speed is usually slower, for mechan¬ 
ical reasons and because larger lumps are handled. Pan conveyer stands sledging and wears lese 
than belt with large lumpe. Beet form is a shallow trough, with stationary sides; it permits bettn 
removal of large lumps than when articulated aides form part of the moving mechanism. Slope of 
belt and pan conveyers should not exceed 20”; they may be extended to elevate and mnvey n wdtt 
aa to i»ovide aorting surface. 

Revolvlnc tablo is an annular iron picking nurface, 16-25 ft outaide diam, usually 
indined toward one edge, and supported on a frame that also carries a circular track' 
reeting on wheels. It is revolved by gearing, at 20-40 ft per min. Feed enters at one' 
point. Pickers stand or sit around the outer and inner peripheries and throw sorted, 
material into chutes or boxes. Reject is moved by a scraper into another .chute. 

Theae tables are common in So Africa and Europe. Some are supported by ribs from a 
oeniral gpindle, thus preventing picking stations on the inner periphery. Another d«Ngn 
baa 2 deoka» the upper being about half the width oi lower and 6 in higher, and receiving 
the selected material; thus botii reject and selected material are present^ to the inspector. 
AnvAKTaoss of revolving tables; compactness, with consequent ease of gupervisi^ ahd 
collection trf producta. DmanvANTAai, aa compared to, teotilinear ocmv^^eni, is loes 'cd 
•levgitioQj Xuffwed by reject in passing over the taUe. , ^ ; 
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StoMm tnrfaem ani widdy itied id eoUieric*, but, ezoept ss primary-onudm' fewlun, 
not to any extant in metal-titeatiaent planta. They are eneatially ehutee with p«fo»te 
<sr impcwforate bottoma, aet on a atope of about 10* in direction of flow ^^ n<i at 

100-260 to 04n throws pa* min by an eooentrio. 

^th the Ferraris mode of BUBpeuioB, the eurfaw may be horia For oaretul work, theae are 
the least satiafactory type of movins pieUnx aurfaoe, but whan aoreen bottoms are uaed, they are 
justified in aerviag the tri^de purpoae of aoreeu, oonveyera and sortini aurfaeea, 

Waahinf of feed ia euentia. to rapid and accurate aortinc. It ia usually done in the 
screens removing underaiae, but may be done by hoae or sprays on floors or moving 
surfaces. Sprays on a trougfaed inclined belt, just above the feed point, will wash fines 
down the incline and over the tail pulley, where they can be collect^. 


Table T. Performances in Hand Sorting at Different Mills 


Plant 


Copper Range, Mich (a). 

Phelpa Dodge Co, Morenoi, Aria (b) 

Butte and Superior, Mont (e). 

Morning Mino, Idaho (d) . 

Wtherbee Sherman Co, N V (e).. 

Elko Plinee, Nov (/). 

Tonopah-Belmont, Nov (/). 

United Eaatem, Nov (/). 

N J Zinc Co, Franklin, N J . 

•' » ” Ogdenaburg, N J W 


Kind of 
picking aiulaoo 


Sloping chute 
Belt 

Fan conveyer 
Belt 

Flight conveyer 
Beit 

Steel belt 
Pan conveyer 
Revolving table 
Belt 


Width, 

in 


36 

36 


30 


Length, 

ft 


88 


Slope, 

in 

per ft 


6 

28/8 

37/8 

1.25 

0 

i.'is 

0 

0 

2V8 


Speed, 

ft 

min 


27 

30 

43 

20 

20 

45 

1.5 

30 

122 


Sise 

picked, 

in 


6-12 

0.75-3 

3- 12 
t- 6 

4- 16 
2- 7 
2- 9 


No of 
pickers 

Spacing 

of 

pickera, 

ft 


Ton 

per man 
per hr 

%of 

total 

feed 

removed 

Kind of we 

1 




0.001 

OnDDMr 

4 

6 

6 

0.33 

0.7 

• 6 

1 


1 

0.62 

1.0 

Qno 

10 

4 

1.5 

0.34 

20 

Lead 

7 

3 

2 

5 

20 

Iron 

1 


1.5 

0. 16-0.25 

10 

Gold-ailw 

7 

4 

1 

1.5 

1.5 

64 

1 


5 

0.75 

1.73-2.25 

84 

6 

8 

2 

1.5 

4 

Zinc 

1 


2 



4i 

4 

8 

2 

1.25 

ib 

41 


Plant 


Cevper Range, Mich (a). 

Phelpe Dodge Co, Morenoi, Aria (b). 

Butte and Superior, Mont (e). 

Morning Mine, Idaho (d). 

Withnbeo Sherman Co, NY (e)... 

Elko Prince, Nev (/). 

Tonopah-Belmont, Nev (/). 

Uniti^ Elaatern, Nev (f). 

N J Zinc Co, Franklin, N J (/). 

44 M *• *1 •< 

Ogdenaburg, N J (/).. 


4« •« «t 


(a) Native copper, (b) Smelting ore. (e) Waste, wood and steel. <d) Rich ore and waste. 
(«) Lump ore and waata. (/} Waste, (g) Rafuae (wom, steel). 


At BniTaMMiA M 4b S Co (16) the ore ia cupriferous pyiite in aohiat, carrying about 2.7% Cu, 
6 % Fe, 1.5% Zn, 6% S, 70% SiOs, 264 Ag and trace of gold. Siaes from 1.5 to 8.54n are piek^ on 
a belt; 4 men per shift on 2 beita pick shipping ore (and hard country rock for tube-mill pebblee) 
from the overaise of 600 ton per 24 hr. Shipping ore, assaying 10-18% Cu, eomprisea about 10% 
of total pi-oduot, which ineludea concentrate from jigs, tables and flotation. Handy atatea (17) 
that the labor in a tyinoai Coaua d'Amms sorting plant, handling 800 tor per day of 1.5 to i-in 
aine, yielding 50 ton shipping ore and 150 ton waate, oonaiata of 20 aortera, with 5 boaaea and repair 
men. Normal coat ia 164 per ton of run-of-mine, or 654 per ton aorted out. Louis (18) givea date 
on cOAh ncxnro on belts in England. At 2,1-17.6% ptekad out, each worker bandit 0,03-0.35 
ton ^er hr, the highest tonnage corresponding to largeat percMitege removed, adherence to this rule 
bemg general, though not exact. Huntoon (19) givea the coat at ToKOrAX-BaLMOiiT, 1911. of 
sorting 15-20% of waate on belts as 684 per ton of waate, and at Towopah Murno Co, 804 per 
ton removed, when this eompriaee 11% of the feed. 

Amouiit removed by eorting vturiea according to ore treated. With native copper ores 
of jAke Ehipmior, the amount at Cqppkb Rakqb is a« small as 0.001%. At Fbdbbal mih- 
nro AMD SifXunNO Co lead mines and at Wztbbbbjbii Skbbmah magnetite mines, 20% 
total hli^b-grade ore and waste are removed. At Akaska Junbap (20), 7.73% of totid 
mfll feed was piedeed as milling ore assaying fl5.06, and 34.64% (the remaindw of 2-ui 
trommel' oversixe) rejected as 7-oent waste. On the Rakd (21), material from 8 in to 1.75 
in eonrilitutes 50^70% of total hoisted. Waste picked out fonoa 10-30% (aver about 
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10%) of total hoiatod, bdng about 50% of totid vnusta hoisted. la Ioaho mills, treatitiic 
ooaraely dfaseminated lead oree^ shipping ore picked out ranges to 50% of total con¬ 
centrate produced. 

Labor for sorting .is generally unfit for heaviw work: bosrs, i^ls, women, or dd or 
crippled men. Boys and girls are the quicker and, if properly supervised, do bebt work. 

SHse of material awted usually ranges from 2.5 to 12 in. 

^netting ore as fine as 0.75 in is picked st Moranci plant of Phzlps Donoa Co, and as 
coarse as 24 in at Ogdonsburg plant of N J Ztso Co. llie number of movemwita required 
to make tonnaip on small sises is so great that the pickers' capac is low, and difficulty in 
handling and judging 244n lumps is likely to retard work below the rate on intermediate 
sises. Wiard states (22) that best siae for sorting is between 1 and 3 in; Bichuds (23), 
that max rate is on 3 to 4-in lumps; but Table 7 shows that the max per man-br cor¬ 
responds to feed averaging 6-12 in. Comparison between Fbdbbai. M d: S Co and 
WiTBBBBBii Shbbhan hutbs is especially instructive, since at both mines 20% of the 
feed is picked as shipping ore and waste, and the number of pickers indicates sorting to 
be tile sole responsibility of the workers. At Witherbee Sherman mine 5 ton per man-hr 
of 4 to 16-in material is picked, against 0.34 ton per man-hr of 1 to 6-in material at Federal 
MAS plant. 

Lighting. Daylight is best; but, as picking must usually proceed on all shifts, artifidal light is 
uaeeasary. Since luster and color are the chief guides in sorting, light should be good and steady, 
and placed to keep shadows off the matotial picked. Diffused or flood lighting is preferred, but 
incandescent lights, directly over the feed and shaded from pickers’ eyes, are sometimes used. 
Experiment is the guide. Ore moist from recent washing is probably in best condition for quick 
and ready ealeotion. 


11. ECONOMICS OF SORTING (24) 


Following formulas are useful for determining monetary mving to be expected from 
sorting, roughing or other treatment, in which a finished product, either concentrate or 
tailing, is to be removed in advance of the place for its removal in the treatment scheme 
taken aa standard. 

Removal of concentrate. When the material to be eliininated is finished concentrate: 
let P and / » wt in tons and assay of origiiud feed; P and p -> wt in tons and assay 
of concentrate to be produced by proposed operation; Af and m » wt in tons and assay 
of residue from propomd operation; T ■■ tons of final mill tailing, without the new opera¬ 
tion: T' ^ tons of final mill tailizig to be produced from ilf tons of residue from new 
operation, C tons of mill concentrate under normal operation; C' ■■ tons of concen¬ 
trate to be produced from M tons of residue from new operation; e and t * assays of 
C, & and T, T'; V ■■ vidue in dollars per unit of metal in concentrate to be produced by 
new operation; V' •> ^mlue in dollars per unit of metal in mill concentrate produced by 
either operation; R ■■ cost of new operation in dollars per ton of concentrate (P) pro¬ 
duced thereby; S — cost in dollars per ton of milling H tons of original ore; S' ■■ cost 
in dollars per ton of milling Af tons of residue from new operation. 

The assumption that assays of tailing and concentrate from original and sorted ore 
would be the same is justified by experience; which moans that rtiatively small chan^ in, 
tonnage or assay of mill feed have little effect on assays of mill products. Values asrigned 
to V V' should be net, and take full account of penalties, freight and smelting charges. 

By the proposed operation, the net return from P tons of concentrate produced is its 
value, less cost of .production > PpV — PR. Return from milling AT tons of residue 
« C'oF' — MS', and total return -• P(pV — R) + C'eV — MS'. 

If this operation is omitted and the total feed underlies same treatment that Mia 
aubjeetad to above, the return ■* CcV' — HS. Saving in dollars (or loss, if sign is 
negative) to be expected from adopting the proposed operation -» lP(.pV — R) + C'eV — 
- iCeV - ff<S). . 

P / C C'\ M 

Saving per ton on original feed -• ^ {pV ~ R) — eV' — -^1 “ H ® 


But P + R- (A-m) + (p-m); C + R - (A - <) + (c - 0; 

Af + R«i(p — A) + (p — m); O' — Af(m — i) + (e — I). 

o' 

’n sanation (l)i the saving per ton of original ore tobe Axiwoted from the pnqxMed prooesa 

■ , (.r - » - (y -M - .y. [—! - + a. «» 

e — f If — /fe — *) j 


p — m 
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Rvmoral of wocte. If* instead of concentrate, W tons of waste assaying w are diaoanied, 
at cost of R doUan per ton; then, when the new operation is employed, the Umm due to 
discarding waste is TFtcV' + WR, and the return from milling the remainder ■ C*eV 
— MS. , Net return — C'eV' — MS ~ W{wV' + R). If the proposed operation is 
omitted, the net rotum » CcV — HS‘, whence, saving (loss, if of negative sign) to be 
expected from installing the new operation ■> C'cV — MS' — IT (w K' + fJ) — CcV + HS, 

( C C'\ M W 

H hJ H ~ H ^ 

Substituting assay values, as above, the saving por ton of original ore 



(w - 0 (ft - «■) '[ _ {h - w) S' + (m-h) (wV' 4- ii) 
(c — <)("»“ v>)j m — w 
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ORE SAMPLING 


Dttfinitioii. The correct BampUxig of a lot of ore is the procese of obtaining from it a 
Bmaller quantity which contains unchanged percentages of the constituents of that lot. 
The commercial object is accomplished when the ultimate sample meets these conditions 
within an allowable limit of error, has been obtained at a reasonable speed and cost, and is 
of the bulk, dryness and fineness required for the chemical or other determination of one 
or more of its constituents. This commercial sample needs not be exact. As there are 
limits to the accuracy of weighing and determining the constituents it is necessary only 
that the error in sampling be smaller than the error in assaying. 


1. CONDITIONS CONTROLLING ORE-SAMPLING PRACTICE 

Segregation of mtnersle. Constituents of an ore are rarely distributed uniformly, but 
are more or less segregated. This is especially true of gold and mlver ores. At the mine 
most sulphides and other useful metals break finer than the gangue, and every subsequent 
handling (in transport, crushing or screening) increases segregation of the finer and richer 
particles. The ore to be sampled is therefore an imperfect mixture of fine and coarse 
particles, from 200 mesh or finer to pieces of several inches diam. A perfectly uniform 
mixture of differentHUsed particles is impossible, and re^shoveling or re-coning merely 
decreases the degree of segregation; while most hand-sampling methods, and the inclined 
chute, barrel-mixer and knee-joint chute, increase segregation. Accuracy of a sampling 
process depends upon whether it takes from a lot of ore the same proportion of all its 

different-sised particles. Any process that selects the finer or 
the coarser particles is incorrect. The success of the older sam¬ 
pling systems depends not so much upon intimate mixing as 
upon the uniformity of distribution of different-sised partides 
around the axis of a truncated cone. Later systems use me* 
chanical means for taking frequent small samples from a stream 
of ore; this is called FRACTiOKAi.-8A.MPUNa, since the final sam¬ 
ple is composed of many partially mixed portions, any one (rf 
which can not seriously affect the value of the sample, but which 
in aggregate approach the true average and are within the assay¬ 
ing error. (Sec 25, Art 4-10 and Sec 30, Art 3.) 

Degree of crusUng is sufficient when the mae of the Imgeet 
particle does not exceed that permissible for the weight of sample 
obtained. Insufficient crushing, especially in the later steps of 
the process, probably causes most of the persistent unintentional 
errors in sampling. Table 1 shows relative sixes and weights 
adopted in the best sampling plants. For its mathonatical 
derivation see Bib (2). 

P 8 ydiolog 7 of sampling relates to the personal equation of the 
sampler, who, to protect his employer, may overlook possible ,slUht 
causes of salting (Sec 30, Art 0), permits advantage to be taken of 
segregation, or jockies with assays. It is responsible for use of devices 
similar to knee-joint and inclined chutes (Art 6), under oonditions 
rausiag firregularities and inaocuraoies evident only to the expert. Improved methods and customs 
lessen its influence, but its existence must be recognised in any dieouasion of sampling. 


Table 1. Smallest Per- 
miasible Wt of Sample 
for Different Crushing 
Sdxes of Gold Ores 


Bus, 
dism, in 

Lb 

2 

10 000 

n/» 

5 000 

1 

2 000 

3/4 

1 000 

V2 . 

400 

3/8 

300 

1/4 

200 

3/16 

100 

1/8 

75 

6 mesh 

50 

10 

25 

18 •• 

10 

30 •• 

4 

50 

1 


2. REMARKS ON SAMPLING METHODS 

General. Ore is sampled by hand or meehaniotd methods. Hand mstoodb. the oldeat 
.and simplest, require mwely shovel and wheelbarrow. They are applicable to all ores; and 
•re preferitble, usually neoesaary, with wet or sticky ores. In mbckanical muxboos, sta- 
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ilomaiy or moving d«vieM in tiie rtroam of ore eutoin«tieaUy divert the dented proixutioa 
fox the sample. Though first cost and maintenance of a meohanioal phmt are important 
items, ita operation may be continuous and the preliminary sample obtained a few m^utea 
after unloadmg; mixiAg Ute ore is Ims importwrt and probably unnecessary; and, when 
correctly constructed and operated, liability to error is much less than with hand methods. 
Although a mechanicaJ plant may be so constructed that a correct sample is imposaiUe, 
thorough inspection always discloses any such condition. 

Mechanical devices are of 2 kinds; stationuy, which continuoudy divert certain por¬ 
tions of the stream for the sample; moving, which periodicaUy divwt the entire stream for 
the sample. They respectively take part of the stream all the time, and all the etminn 
part of the time. Theoretically and actually, stationary are not as dependtdrle as moving 
devices. Ore does not flow uniformly, but is composed of many streams of varying proper- 
tioru of fine and coarse. Thus, corrugated roll shells permit passage of coarse partied at 
certain points, and in an inclined or angled chute, or barrel-mixer, the finer will seek the 
lower points. Therefore one or more compartments of a stationary device may steadily 
receive an undue proportion of coarse or fine. With properly constructed moving devices, 
passing across the entire stream, the manner of delivery is unimportant, even if the ore was 
previously sised, because the sample spout is \mder all sections of the stream for equal 
periods of revolution or oscillation. 

^eliminary and final sample. Whether sampling is continuous, from first crushing to 
final grinding, or is a series of unrelated processes, the operation of obtaining the prelim¬ 
inary sample from wet original ore is distinct from that of obtaining the fined sample for 
assay. The preliminary sample may be taken by either hand or mechanical methods. 


8. PSELIMINARY SAMPLE: HAND METHODS 

Grab and pipe sampling are the simplest hand methods, being similar to those used 
in mine examinations (Sec 25). They may be used in sampling plants on low-grade con¬ 
centrates or for rough checking. 

Coning and quartering is applicable to all kinds and grades of ores, needs no expensive 
plant, and keeps the sample constantly in sight (for details, see Sec 25, Art 4). Chief objec¬ 
tions are large labor cost and ever-present opportunities for utilising semegation to obtain 
a high or low sample. Even with a perfect cone particles graduate in rise, from finest at 
the apex and around the axis to coarsest at the bottom, the rising progressing with height 
of cone. When a cone is built by shoveling, even from rough piles of ore, each diovelful 
is in itself,a rough cone or pyramid with the coarsest particles near the heel and in position 
to be thrown on the pile where desired. When shoveling is done from 2 or more adiacoat 
cones, opportunities for selection are greatly increased. The apex of the tiring cone is fre¬ 
quent riiifted from the true center. If flattening is done by dragipng ore with the Aov^ 
fnnn center to outride, the finest is left as a top dressing and an occasional deeper dieg 
places more fines in any selected sector. If flattening is done by a churning motion of the 
shovel, fines will work to the top, leaving the coarsest nearer the floor. As each movement 
of the ahovri is a distinct operation, such inaccurate work is difficult to detect, and A 
watcher hesitates about comphuning. In qvabtbbino, lines may be drawn at oa» ride of 
center, or so as to include fines previously placed in a certain sector. In shoveling out the 
reject, the face of the sample quarter will rest at an angle to the vertical, causing loss at Ha* 
upper wedge of fines, and a gain of an approx equal amount of the lower coarse. To avoid 
isiaocurate work, it may be requested, after quartering, that the removed quarters be 
used for the sample. Use of the iron or wooden cross lessens some of the errors during 
quartering, but does not insure accuracy elsewhere. Bbhoh or Cobb stbtbu is an excellent 
modification of the usual practice, lessening segregation and overcoming many inacouradas 
of the single large cone. It consists of a serim of cones of 60 to 100 lb each, each built on the 
flattened mass of the preceding cone: quartering is done only aftw the final cone has been 
flattened. 

l^cfihnal-shoveling is applimUe to all ores, but is principally used as incidental to 
unloading ore at destibiation. Duringunloadingevery 2nd to 10th shovelful or any propor¬ 
tion derired^ is thrown into a barrow or pile, to be removed latw to the sampling room. 
Thus the bulk the ore is promptly placed in storage Iflna, and samidiBg cost is rsdoeed in 
proportion to dm quantity discarded. As the reject is immediately thrown with otiMrorse, 
preventing «ay elmk, tide wunpling is of equal if not greater importance than any tktar 
work. Much of the ebovding is dime in open ears, with lorn of dust arid fins ore. IVItit 
dteap lab^ tiie oohnt for the ptoiodio sample ritovslfid may be unreliable, srhetlMr kft to 
the aboveler or to a signal from the foreman. Variations from the 8rd to the 11th. «Mt from 
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tb0 0th to the 20tii, duml haw boon noted whan • 0.1 aemple WM inteiuled CO* 31lit 
method ahould be uied only on low*grade and findy-croabed oree. 

yraotional-ehovdtne is alao uaed aa part of regular aamding in aoma milla and anMltenii tbongh 
bilitiaa of error are greater than in ooaing and quartering: notably ao if the ore haa previoudy 
piled by paaaing over an inelined chute. A workman naturally ahorela ore from the point nearcat 
raeaiving receptacle; hen.ee if one barrow ia placed near the ba<^, and another saear the front, of a 
eonioal ^a, Uie aample will be high or low depending on which barrow ia used for the aample. Brrora 
dnring fraetional-ehoveling, whether from pile, bin, or railroad oar, are difficult to detect and prove, 
aa aaeh ahovulful loeee ito identity aa aoon aa delivered, and the workman may change hia ayatem 
between 2 ahovilfula. A mode of oheeldag ia to reqaaat that the reject be uaed for the aample, though 
tUa wffi not often be granted. An etfeetual protection againat uae of auch unfair methoda ia to ouah 
a low-gra^ ore very finely, mix thia with eoaraaly-eruahed high-grade ore, and ehip aa one lot. Thia 
ia pardcularly effective in fractiond-ahoveiing, whether the aampling be dona from car, rough pile, or 
cone, and ia uaeful in coning and quartering and even in aome mqehanioal milla. When the buyer 
reallaea the aituation, the practice may be reveraed. Becauae of lack of confidence in dieir own 
meiho<fa aome planta aoreen all orea of auapected mixed valnaa, aampling aeparately different daea, 
and averaging according to the two weii^ta. 


4 . FRELIMINART SAMPLE: STATIONARY MECHANICAL DEVICES 

WUgflt pipe. ¥ig 1 repreaenta an outline of thia type. A ia the houring, with front 
removed to ahow pipe; B, the aampler, ia a vertioal pipe with 6 notched openinga cut half¬ 
way through, aa at C, each being 90° horiaonially from the one above. 
In the notchea are rectangular ateel aheete at 45° to the vertioal, the top 
edgea forming diametera of the pipe. Above each notch ia a caat-iron liner 
D, narrowed at bottom to collect the ore in a amaller atream before atrildng 
the dividing edge. Ore delivered through hopper F falla on the firat parti¬ 
tion, approx one-half being rejected through 22, while the aample-half con- 
tinuea to the aeoond partition. With 5 partitiona, %a in Fig 1, the aample 
leaving the pipe at 8 ia 1/32 of the origi^ lot. Thia device ia cheap to build 
and operate, and rapidly and aimply produces a amall aample. For ac¬ 
curacy, the whole lot must be crushed to fineness necessary for weight 
of sample (See 30, Art 3). For, if the crushing ia planned for the average 
100 000 lb lot, and no change is made, the safe maximum siae may cause 
aerioua error on a 20 000 lb lot. The apparatus is tightly housed, so that 
frequent examinations are inconvenient, and, aa the openings are invisible 
during sampling, improper working may be unnoticed. With dry, free- 
running, arid properly-cruahed ore, an accurate sample ia obfainaUe by 
this device; but with sticky ore one or more openings may become clogged 
and cause the final aample to be 0.1 or 10 times the calculated weight. 
Sample and reject openings may alternately become clogged and produce 
Fla 1. Whistle- * mmple of proper weight, but with too little of the first and too much 
ptWfiamplw of tile last part of the lot. It is not suited for the general run of ores, 
and is used in but one part of tiie 17 S. 

Bonk or combination riffles consist of 6 riffles set in a frame, the upper being placed over 
2 lower ones, which are foUowed by 2 still lower sets. Fig 2 shows Ums tii flow. Ore fed to 
first riffle A is divided by vertical partitions into 20 or more 
streams, the odd and even-numbered falling on opposite sides of 
tile riffle. These streams impinge on inriined iron aprons B, and 
are diverted to riffles C, similar to A. From these 2 riffles flow 
4 sets of streams, each representing 0.25 of the lot. Two are 
rejected through R, and 2 diverted as above to aprons D and 
riffles B, and are again divided into 4 streams. Two unite and 
are rejected and 2, 38, each representing 0.125 of tiielot, areuni^ 
or treated as original and duplicate samples (Art 8). When the 
ore is slightiy damp, rough cones form on the aprons. These may 
twyun some time or be promptly dislodged; meanwhile the 
cmimt ore is diverted to suooeeding riffle divisions on each side, ^ u 

flAile the finer drops vertically. A small error on tiw first may be ^ 

A nrioos accumulated error after passing 3 riffles. Tins danger is 

lessened, by regular motion of the rfflee aeross the stream;, but to be effective thia motfam 

•hfDuld lia caua^ meohanically and not left to the wwkmaa's whim. Becbuse of the tew-. 

idsBey of the BoaU fflvirioiie to tiog. tiie device k appfioafale ooly tovthe drier and finer 

orso. 
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6. FRELIMmART SAMPLE: MOVING MECHANICAL DEVICES 


Thew are ao oonatrueted aad operated that during 0.05 to 0.20 of a period of rotation 
or oaciUation a diviaion called the aample qmut diverts the entire atream for the sample. 

Snyder sampler (Fig 3) conaiats of a oaat-iron plate A, nvdlving in a vertical plane on 
axia B, with an inclined aample spout C passing through it. As the spout passes throui^ 
the stroam it deflects for the sample such proportion as the arc of the spout bears to the 
circle of revolution. At other times the ore strikes the plate and is thrown back into the 
reject. These machines being of cast iron have no easily bent or twisted parts, and ai« 
accessible at all times. With one spout about 20 samples per min are taken, but this may 
be increased by constructing with 2 or more spouts. 

Sides of sample spout must be at right angles to 
the plate and in planes passing through center of 
revolution. Thus, as the edges wear, the spout 
will cut the same arc. With the usual incUned 
delivery chute any other construction will cause 
error. As the device revolves in a vertical plane, 
wet ore may stick to the plate for half a revolution 
and then drop into the sample spout, or from spout 
to the reject. 

Vezin sampler is used quite generally and in 
combination with many methods of sampling. 

There are many varieties, the type form being 
.shown in Fig 4. Vertical riiaft C, revolving with 
the arrow 10 to 40 rev per min, carries sampler spouts AA under deliveiy chute B, imd 
diverts sample to center and through spout S at bottom. During remainder of revolution 
the ore falls into a reject reo«|>tacie. 

Aovantagbs: can be made accessible for cleaning and examination during sampling; 
frequency or proportion of sample is dependent on number or angular width of spouts; 2 




Elg 8. Snyder 
Sampler 
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5. Vesin Sampler, Fig 6. Vezin Sampler, Fig^7. Vezin Sampler, 
^out Fkiges liacual Spout Edges Non-radial Edges Non-radial 


inteimeshing machines may be operated for taking duplicate samples. DiBAOVANTAaJBS: 
requires much head room; damp ore collects in or may fill the sample spout; the long 
upper edges of spouts quickly become bent, uneven, and worn. It is not patented and tbwe 
are no restrictions on manufacture or use, though the inventor, H. A. Vesin, specified ceiv 
tain conditions as necessary for a correct sample. He insisted that sides of sample spout 

be in planes passing through center of shaft C, that feed dbute 
should incline 58° from the horis, with bottom edge radial to 
circle of revolution, and that speed of revolution should be the 
horis speed of ore at spout edges, to lessen liability of partii^ to 
jump from or into sample spout. Chief cause or xrbob is the 
position of sample-spout cutting edges, due to faulty construction, 
or wearing of non-radial sides. A variation from radial position, 
imperceptible with the machine in motion and proved only by 
careful measurements, may cause appreciaUe error, as illustrated 
in Fig 5, 6, and 7, which are horis views of Vesin samplers in 
FlgS. Vezin Sampler, actual use. Fig8 is from a photograph of a machine just before 
Edgea Mon-radial mstallation. If segr^ating d^veiy chutes are added, the error 
may be anjrthing desired, as drown in Fig 9 (7). In the outs: 
B is inside line of spout trevel; O, center of oanying draft; C, top of sample spout; 
D, bottom edge of ind'ned chute delivering ore to aam{d«r; %, proportion taken for 
tawiple at points indicsted. tig 5 shows sides of qrout redial, with <^ual arcs cut on A 
and A,' assuring a correct aample regaidleas of segregation in the deliveiy chute. Angle 
between ^pout edges is too acute in Fig 0,9, and too obtuse in Fig 7,8. Percentages show 
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jnroportktii talEfln tor Minpl« at iiutiil* and outaide Uibita ot apont. and abo at astmiui 
points on delivery chute. Even such maohinea might not cause commercial mors 
except for use of the inislined, and more eqiedally the'knee-joint drute (fig 9}. By 

adjusting the angle between D and iV, and ^^Mying their 
lengths, control of distributkm of coarse and fine ia possible, 
as prov^ by samples taken across the chute. The dhute diown 
in Fig 9 would probably cause a low sample in fig 6, 9, and a 
high sample in Fig 7, 8. 

There ere many modifioations of spout and chute that will eauae 
otherwise ezcdlent machine to deliver an inaccurate aample. Previous 
to year 1000, machines were found with sample spouts intention^b' 
leaky, causing loss of fines; delivery chutes dropped fines just beyond 
outer drcumferenoe of spouts; and sample spouts were made with 
parallel instead of radial edges, with ore feeding from outer eireum* 
ferenoe toward the center, and producing samples of 60% or less of the 
actual gold value. Since 1000, similar but more refined practices have 
been devised, so that it ia wise always to inspect carefully every inatal- 
lation. The machine is gererally conceded to work accurately if the 
spout edges are alwajrs radial uid feeding chute is vert and at proper 
dOstanoe above the spout. 

Chts. Snyder sampler is in principle similar to the Vesin, in 
that it revolves in a horis plane and has spouts with radial ed^ 
(see Fig 10, lettered like fig 6). It has a special annular, verti> 
cal delivery chute, covering an arc of OO" directly over the sample 
spout, and becoming narrower at top where it receives ore firm 
elevators, rolls, or shaking trays. Within this spout are a number 
ot short horis iron rods, to scatter and delay the falling ore and destroy any previous 
segregation. The machine has 4 sample spouts, assuring continuous flow through them, 
instead of the intermittent flow of other devices. Errors of construction noted under Vesin ‘ 
sampler apply, but in less degree because of narrowness of spouts. 

Brunton vibrating aampler. Fig 11 shows front and side views. 

Ore is delivered through chute A, narrowing at lower end B. 

Operating mechanism drives arm C from positions C and C' and 
back again, diverting ore to the reject and sample sides R and jS, 
respeofively. Usual aample taken is 20%, but a simple adjust¬ 
ment permits any desired percentage. Correct feed is necessary 
for an accurate sample, and, as insisted upon by the inventor, 

D. W. Brunton, is assu^ by the narrowing chute or by use of 
shaking tray. 

Possible inaccuracy, through cutting a large stream where 
particles are segregated, is indicated by fig 12. As the diverting 
arm rests at C longer than at C', and takes an appreciable time 
to «^wngA positions, the reject B will receive more ore near C' than 
near C, Ore from rolls A, falling on inclined side of hopper B, is delivered over full area of 
chute D, the coarse scattering fairly uniformly while the fine slides to the opposite side. 
Therefore bunple S might contain a fair proportion of coarse, but too mu(di fine, and 


h 




Sampler 



Fig It. Bruatoa 
Vloratliic Sampler 


Fig 12. Vlbratiag Sampler Fig 13. Brantoa 
(Inooireot Feed) OsoiUstiag Samplm 


would probatdy be high in value. A chai^ of angle of inclined side of chute, or a different 
length of portion B, might ceuae a b^ sample. 

Anutefi OBcillgtiiig ggmpler (fig 13). A ie delivery hopper, utd B is the moving pcnv 
tion euq>eaded from abaft C, and oscillating in direction arrows. Ore is diverted f^ the ‘ 
ggmple throuidi spout S, and for the n^eot throoidr oppoaitely-inclinsd qpouta ok botli 
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■idea of 5. T%io auuddae is free from tlie uadeeiraUe festorM of earlier inventions. The 
reoMving put of sample spoilt is rectangular, making it practically independent of eegrega^ 
turn; cutting 4Bdgee are removable and quickly replaced; it is accessible at alt times; is 
<H;ierated at speeds (regulated by sise of largest particles) sufficient to take SO to SO samples 
per min, with the greater accuracy due to smaJl frequent samples; the rapid oscillating 
motion tends to free the spouts from wet ore or obstructions; its compactnoes permits 
inoludlQg several machines with inten^ning rolls and shaking trays in a 1 ow>to^ mip- 
Ueoal sample is ai^ox 20%, though 5% may be taken with a special eUiptioal (Mve. 

6. FINAL SAMPLE 

When diam of largest particles is 0.125 to 0.5 in, and weight is 26 to 500 lb, the sample 
is taken to the bucking room for further reduction, drying, and preparation for assay. 

Further reduction is made by any hand method (Art 3), by Brunton shovel, m by 
riffles. Bbvnton shovel rapidly and accurately reduces the sample to the quantity desired. 
Fig 14 shows the S-compartment shovel, with 1 sample and 2 reject divisions, preferably 
used only on large samples of medium.srade ores, concentrates or tmlings, since, when 
shoveUng from a cone, the center portion tends to select fines. The T-compartraent shovel, 
with 3 sample and 4 reject divisions, may be used with higher>grade and smaller siunples, 
and for original and duplicate samplu. RirrLma is preferable on small quantities of high- 
grade ore, and may be done on the fiat, Jones, or Taylor and Brunton forms of riffle. The 
Jonoi (Sec 30, Fig 1) is similar to the flat form, sot at an angle of 45** to the horiz. Taylor 



Fig 14. Brunton Shovel Fig 15. Taylor and Brunton Biffle 

and Brunton riffle. Fig 15, rer.embles a double Jones, with short stiff horiz dividing edges, 
strongly built to witlistand rough usage and to avoid the bending, leaking, and clogging of 
other forms. Riffling gives good results only if the device is kept in repair, the ore moved 
across the riffles during feeding, and partitions do not overflow. 

Drjing. When the sunple weighs from 2 to 50 lb, but preferably not less than 20, It is 
dried by steam or electricity. Steam plates are steel boxes through which steam circulates, 
having a top drying area of 6 to 20 sq ft, on which the sample is spread. Steam coiU are 
enclosed in a brick or steel closet, the pipes forming shelves for holding pans containing 
sample. Electric driers consist of resistance coils in a closet containing shelves for bolding 
sample in pans. Temperature is important and should be slightly above the boiling point 
anresponding to elevation above sea-levri. Thermometers are used for steam, and auto¬ 
matic regulating devices for electric driers. Insufficient or excessive drying causes trouble 
and error in assaying and valuation of an ore (Art 7). 

Grinding of the dried sample to 40 to 60 mesh is done by rolls, or grinders of the Engle- 
bach cone- or Braun disk-type. TheENGLEOBACH ttfb consists of a bell-shaped cone, revolv¬ 
ing horizontally within and beneath a stationary iron ring flaring at top and bottom. The 
cone rests on a vertical driving shaft, and the ring is earned on a hinged frame so that parts 
are quickly swung open for cleaning; 8 or more channels are cut vertically in the grinding 
surfaces of both cone and ring. Ore is fed through top of ring and channels. FinenMS of 
grinding is controlled by regulating closeness of contact between cone and ring by an adjust¬ 
ing screw and lever attached to driving shaft. Bbaun disk-type consists of a rircular iron 
plate, revolving in a vertical plane with its face in contact with the face of a simUu sta¬ 
tionary plate, hinged at the bottom to permit separating and cleaning grinding surfaem; 
6 or more feeding channels are cut in faces of both plates, beginning about 1 in from cir¬ 
cumference and deepening at center. Ore is fed into a hopper passing through center of the 
stationwry plate. Aa adjusting screw on shaft carrying the revolving plate regulates pres¬ 
sure between the plates and consequent fineness of grinding. 

Oneiity ef irsa used in grind«s is importaat. If bard it soon polishes and loses efB- 
oiency; if soft it may lose enough iron to the sample to lower the value appreciably, or 
Esay eVen up partides of valuable metala from one sample and drop them iiito a sao* 
coof^ag^tutmjfio. Imperfect parts must be promptly discarded; filling'cavities with bsMfltt 
Is aoi pefEolfadble', as metals are removed from tiie sample by the soft fillmg. Tlw'ground 
saaojii^hiaar bo further reduced, if derited, by nietiiods described above. 
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OBE SAMFLINQ 


Scr*«iiltif is d<me throuidi n«v«B yajying front 80 nteah for k>ir<grad« to 200 mwdt lot 
lii|^beat-gntd« gold ores, average b^ng 100120 meeh (See 30). 

Sevce alumld be fne from JoiHed wirae and facdee, andao oonatracted ibat aUsoMeriocia cm the 
outaida. Biavea with brokao or miaplaoad wiraa ahould be promptly diaeanlad, aad not repaired viOt 
a drop of aof t aolder whioh may gather metab from the aample. While it ia not daairable, it ia aeeepted 
anatom to uae looae iron waaheia ia the aieve to prevent bidling of dried aample and to liaatanaoraen- 
ing. Some plant: even use in addilioa a stiff pdnt brush. If hastening is overdone, espeeially near 
and of inooeaB, long vires of eopper, gold, or silver may paas through and cause puaaling differenoea 
in aaaaying. Single wires of g<dd have bMn found heavy enough to cause 0.5 os gold ^fferenea in 
ehaok aasays (7). With such ores, washera ahould be disoarded and more time taken to grind the 
pieces metal. Ovemise from the sieve is either reground or reduced on the bucking board (See 80, 
Art 1). Quality of iron in bucking board and hammer is important (see above). 

Matallic particles resiating grinding, and consiating of metals from the ore (or copper 
oapa or iron from the machinery), are separately weighed and assayed (Sec 30, Art 3). 

Miaiiig the grooad sample, now call^ pulp, ia done by coning, by pouring into a raiudly 
revolving gold pan, by turning over with a spatula, by passing t^ugh an Anaconda 
mixer, or by roUing (not eliding) on a sheet of heavy paper or oil cloth (Sec 26, Art 4). 
Dividing and sacking the pulp is done by coning and quartering, by the spatula, by a me- 
dianieal mixer and divider, or preferably by riffling (Sec 30, Art 1,3). Paper aaoke pre¬ 
pared for mailing are used for bolding this assay pulp. 

7. MOISTUBE SAMPLES 

Moisture samples. Ordinarily 2 to 4 samples, of 2 to 5 lb each, are taken from each car¬ 
load, while high-grade lota may require 10 or more samples. As ore may gain or lose water 
rapid^, moisture samples are taken as near as possible to the time of weighing the lot. In 
case of grab samples, care is necessary to obtain proper proportions of all sixes, as fines 
usually contain much more water than coarse pieces. 

As individual grab moisture samples may vary 25%, many must be taken to assure an 
average. To avoid this difficulty samples may be taken by grabbing, or with a mechani¬ 
cal device, during or after the sampling and when the ore is reduced to 0.25 in or smaller. 
As ore becomes drier during sampling, it is customary to add arbitrarily about 10% to the 
moisture as determined from the crushed sample, regardless of varying atmospheric 
humidity. While all modes of determining moisture are only rough approximations, the 
sample taken after crushing is preferable and is commonly used. 

Weighing the wet sample requires care and judgment, and the exclusive use of either 
the finest or the coarsest material for final balancing while weighing should be avoided. 
Special scales, for weighing wet and dry samples, show percentage loss without calculation. 
Sample should be dried on same drier and at same temperature used for assay sample. 
Otherwise, because of differences in moisture or in roasting of oxidisable matwiai, the value 

the lot can not be aociurately computed. 

8. MULTI-SAMPLES 

ChedE —wipllng- Custom plants risudly retain each lot of ore intact until settlement 
is agreed upon. Owing to limited storage room, mills and smelters bed or store the bulk of a 
lot, retaining intact rareb^ more than 0.5 to 0.2 of it, and usually only a few hundred 
pounds. Ixrcal custom or contracts usually determine the amount so held, though the 
State of Montana provides by statute for retention of 2.5%. It is the practice in many 
plants to make MUi;n-6AMPi.Bi8, called obioinai. and dupucatk, or even tbipucatb and 
qVAOSUPLBT, the division being made when sample has been reduced to 2(X) to 500 lb. This 
exposes gross errors in later work, detects salting, is a guide as to necessity for resampling, 
and averages errors of faulty methods. 

At some, plants anything less than a specified percentage difference betweew aasays of multi- 
samples makes settlement on the average compolsory, while a greater difference automatically ealla 
for resample of the retained portion. This difference varies from 6 to 20%, usually 10%. CSosa 
decking of multi-samples indicates uniformity of work in the portions so handled, but does not 
prove correctnesB of sampling of the entire lot. On the other hand, large or constant difiereneeq 
indicate general oareleesneee, or improper methods, and make possible undesirable “jockeying'* in 
reaohing a final settlement (Art 11). Many plants are so constructed and operated that the average 
muiatioa in resampling any sised lot may be leea than 2%, wiUi only an ooeaeional 5% or greater. 

9. SYNCHRONISM 

Ddhiitlim. When two or more meohamcally-operated sampling machines are airaaged 
in there is a constantly recurring cycle in their relative positiona. If one horiaoatally- 

zevplving machine is directly beneath another with same rotative speed, the qrauta yrUi 
have a oonsttmt angular diffetenoe, and with no intervmition the aeoo^ sample nxnit msy 
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be •neoged to receive all, a part or none ci tbe firet eample. At different epeedii, one atioat 
will the other at regular intervals and, if not obs^cted, the aaapte from tito first 
machine will regularly strike certain points on the ascond machine in any oyiM deaired. 
TaUe 2, containing data frun a large plant, illustrates tl^. Upper row figures 3 show 
number of consecutive samples from first machine pasringf partly or entir^ into second 
sample spout. Lower row figures R show number of consecutive samples luusnng entirely 
into the reject of second machine. These ritould be read. SS, B 6, S 10, /{ 1, S1, ii 5, etc. 


Table S. Example of Synchronism (record representing 0.2 of complete record) 



The value of any sample portion depends on at least part of it reaching the ultimate 
sample, its complete loss being equivalent to omitting from tho shipment the portion of ore 
which it represents. Intervening rolls alone do not correct synchronism, but elevators, the 
continuous delivery of the Chas. Snyder sampler, closed hoppers, barrel-mixers, and shak¬ 
ing trays, lessen or prevent it. The bakrep-mdcer has the disadvantage of segregating 
coarse material and corrugating the following rolls. The shaking tray causes ideal deliv¬ 
ery, berides being a generally useful device. It delays the ore sufficiently to prevent syn¬ 
chronism, gives uniform feed, can be made to correct imeven wear on rolls and to stop pieces 
of steel or hammer heads that might injure the machinery. 


10. GENERAL CONSIDERATIONS 

Weighing. Small lots, or high-grade ores, are weighed on special bullion scales. Car¬ 
load lots are weighed on railroad scales, preferably housed and with space between plat¬ 
form and coping covered by old belting to prevent jambing by pieces of ore. Railroad s^es 
should be tested monthly by special test cars of approx weight of the empty and loaded car, 
and daily or weekly by 40 tost weights totaling 2 000 lb. Great care is necessary in check¬ 
ing with small test weights, as tho 20-lb minimum error of the scale is equivalent to 2 000-lb 
error on a load of 100 000 lb. 

Can should be uncoupled and etationary when weighed, and time allowed lor scale rider to awing 
both up and down. Rapid balancing with rider alighUy over and underweight for groaa and tare 
will cause 100 lb or more error in net weight. Balancing scales by placing fine ore or ahot on rider 
may cause an error of. several thousand lb. Wagon scales, too short for both team and wagon, must 
have roadway at each end level with platform, and brakes and tugs must be loose during weighing. 

Incomplete lots. Portions of a lot may be received at widely different dates, necessi¬ 
tating the questionaUe practice of taking several preliminary samples to be combined 
later for the final sample. With mechanical methods liability to error is not serious, -but 
with hand methods different sets of workmen taking slightly different proportions maj' 
cause errors never discoverable, owing to bedding of the bulk of the lot. A combination 
may be made of bamfung with roabteb-crubhino pi,ant (see Flow sheet No 3), though 
this of doubtful desirability. There is danger of loss and salting through excessive dust, 
and general lack of care when sampling is merely incidental to fine crushing. 

Cleaning. Plants riiould be reasonably tight to avoid strong air currents, and ore 
chutes tightiy enclosed to prevent the too common winnowing-out of fines. In hand 
methods, cleaning with brush and broom proceeds with the sampling. In mechanical mills, 
rlspnin g immediately follows the last of the ore, and should proceed from first to last crush¬ 
ing and sampling process, causing cleanings to pass through all following machinery to 
insure their proper proportion in the sample. Many mills supplement brush and broom 
jjAnning with a blast of compressed air piped to convenient points. After the regular clean¬ 
ing, rolls, and fine-grinders especially, are fed with barren rock or slag, and again oleaded 
before receiving the following lot. It is good and economical practice to discard eonss, 
rings, or disks of fine grinders immediately after grinding a very high-grade ore. 

RwiHiig . D^berate (wlting by addition of rich ore or barren sand is siniiiar to salting 
ftt the (See 25, Art 9). Devices for salting at sampling works have been quite elabor¬ 
ate, including hig^bgradb samples of the exact weight necessary to cause the deumsd salting, 
and provided in duplicate for emergencies or for following a lot from sampler to smelter. 
This practice, undetected for nearly a year, wae largely responniUe for the fi n and s l failure 
of a w^-foown smelting company. Of greater importance is salting by incorrect ms c hin r 
eryi prdilueing dtheir a high or low sample. Aa a precaution tiie miner may employ trained 
my i, called MOocBxow, to wat<^ the sampling; and the sampling oompnny snsy look asm- 










' OBK^BAMmNQ 

0e^oppt>n and '#rect win aoreeni uwuntf Important machinea. Tb« moat off eoti ve pravcnt* 
tv« ia a aormctly built moohanleal mitt, operated aooording to aoientific and unvm:yir« tolea. 

Caafnaim of aamiAaa. Thia ia a worrying poaaibttitjr in planta handling; many larga and 
amaU lota, of' unknown and vi||priog ^oea, eapwsially itrlim they we b^iun and finiahOd 
by different^workmen. ^ > 

iOpAeccanpanying ia a record made at the Taylor and Bninton Ore Sampling Co'a plant, 

> Murray, Utah, on a form dodgned primarily to prevent thia confuaion. It ia of atrong card¬ 
board, punched for looae-leaf practice, and in 3 soctiona to permit prompt reporta frmn each 
department. Upper margins were cut and cards filed for permanent reference. Mx&L oaBD, 
dgned by foreman Quiat, shows that 73.28 tons passed through the mill in 2.5 hr, at coat per 
ton (wages at 25i per hr) of 5.1^ for unloading and 0.8^ for reloading into 2 other care. Had 
the om arrived in dump i^ra, costa might have been halved. Cleaning took 0.5 hr, inoreps- 


Sampliag MiU Cards (devised by T. R. Woodbridge) 


egee 

Date 


0 MILD 

Mine and Lot Number Grand Central’—6S 



Shift 

IN Cars 18987, £8118 


OUT Cars 17171, £7075 

Number of IN Cars Box Dump 

1 Wooden Qonda | £ 

Steel Qonds 

1 Bulk 1 Saoked | Coarse | Fine 

Concentrates 

Wet Dry Frosen 

What Cutters Used 4 

Number of UNLOADERS 8 



LOADERS 1 

Time Unloading Startedl, „ , „ 

Time Sampling Started ) A.Ji. 


h iiiished ) 
Finished i 

9:90 A.M. 

Pounds in Lot 148680 Next Lot Wyoming, 196 

Started 10:00 A.M. 

Lot before this 6£8£ 


Signed Quiat 




8888 



0 CUTTING ROOM 

Mine and Lot Number Grand Central—66 



\ Shift 

Commenced Cutting 9:96 A.M. 


Finished Cutting 10:06 A.M. 


Number Cute before Orinding 5 


After Grinding 0 


Weight Taken to Sample Room iS lb* 


t Moisturee taken by Davie* (4.1,4-S — 4.t%) 


Lot before this 6£et 


Nest Liot Wyoming 196 


Signed Dwrie* 


8988 


0 SAMPLE ROOM 

Mina Mid Int Number Grand Central—66 


uubjBUB 1 fihift 

Hsodvad (dots) 

Time 10:10 A.M, 

BySpoonley 

Put in Dryer I 

Time 10:£0 A.M. 

By Datiet 

Put in Qrindm No. 1 

Time 8M)P.M. 

By Spomley 

Snaked (dots) 

Time 4:M)P.M. 

BySpoonley 

Number of Pans in Dryer S 

Number of Times Cut b^ore Bucking S 

Number of Seeks put up 8 

Wei^t of Pulp Bucked 4$ o$ 

Lot before this Sand 

Next Lot Sand 

' 

Asm Dasfes 

Signed Speenbir 



Nota eo timvmg Shla any Delay, CauM, IPreiattea af Ora Rap. «t« 
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ingfiosfr20%. {AtpraaMit-daymifl9ofwi«a8,tlM[^ooftawi>tadbefntt4Q^to50%i|ii^^ 

4 outtws (auBpling maeiimes) delivwed a theoretioal of 183.2 lb % * 
aample. Cutstno oabd shows that Davise (aAs't sampler) begaa euttiag (UiMC ****»" *‘y» 
half-shovel) 5 min after last of 6te was unloaded, and finished 6 min after oleannip, 8 shovd- 
outs produced a partially-dned sample of 22 lb, instead oWhe theoretioal 22.9 lb. 2 mois¬ 
ture samples, taken from the reject at this point, averaged 4.2%. Sampub shows deU v- 

ery to sample man, Spoonley, and prompt placing in steam drier, where it remained 
and 40 min. It was then ground in No 1 grinder, riffled 3 times, bucked, and lamked at 
4:40 p js. Finished pulp weighed 42 os instead of the theoretioai 43.8 os. Grind«r was desned 
with barrens both before and after this lot, eliminating danger of sailing from lot 6202 or 
from Wyoming lot 105. Coat of sampling an ore received in different classes 6f can, and 
in varied physical conditions, is instantly avedlable from the <3ud; it *l«io gives a cheek on 
efficiency of foremen and workmen. Its use generally settles disputes. 

Manner of sale of ore. Local custom or private agreement determines the procedure. 
In outlying camps a lot may be sold on samples and prices made at the mine by buyer's 
agent. But ore is generally sent direct to mill or smelter, is transit-eampled on its way to 
smelter, or is aokl to a custom plant. Valuation may be based on iiAmpIft and assays made 
by custom plant, on assays made by buyer and seller on the custom sample, or on buyer's 
sample only. In last case, seller may use the custom sample as a check and a guide as to 
the wisdom of calling for a resample by the smelter. As this ipves the seller an advantage, 
some buyers request or demand a report of all such checks before even considering seller's 
objections. 

Resamples may be demanded by either buyer or seller. In custom plants, re sample* of 
entire lots are freely granted, usually on basis of an extra sampling ch^ge if the 2 samples 
check within an agreed limit varying from 0.05 os gold on low-grade to 2% on high-grade 
ores. Other mills, especially hand-sampling plants, have various rules depending on 
exigencies of the occasion and the confidence existing in methods employed. A cornmnnar 
practice is to resample freely on unchecked ore, but only in case of 10 to 20% difference, if 
ore has been check-sampled. Several resamples may be demanded if the earlier ones vary 
by a specified difference. To be of value resamples should be made of the whole lot, rather 
than of the small portion usually retained. 

Most custom plants SAd some smelters make payment on the average of assays by 
buyer and seller on game sample. Others pay on basis of buyers’ assay only, with or 
without kxmwledge of seUers figures, i>ermittmg the seller to demand a repeat, an umpire 
assay, or a resample, with correction in payment if the assay variation so found is suffi¬ 
ciently large. As the seller is unlikely to make demands should his assay be the lower, 
the buyer, under this arbitrary system, takes a certain risk which he may lessen by having 
duplicate assays made by the same or a different assayer, reporting either one or an aver¬ 
age, as his judgment and comusience may direct; Custom varies concerning settlement 
assay in cases of repeats, umpires, and resamples. The last result or ^e “middle’' assay 
miy be selected, or the whole series averaged. 

11. COMPARISON OF ASSAYS 

Comparison of assays of large shipments and over long periods of time are of value, 
where special assays or selected resamplings are indecisive. Tables 3, 4, and 6 cemtain 
assays representative of the entire shipments from 1 mine to 3 sampling plants for approx 
1 year, in lots of 30 to 150 tons. The following uniform rules for settlement existed, but 
were not rigidly enforced. Pulps were assayed by botii seller and buyer, and in some cases 
by an umpire. Settlement was made on buyer’s aasays, when results were within Umita 


Table 3. Comparison Gold Assays on Buyer’s Samide 

(O and J3 an original and duplicate eamplas; valuM in ox) 


Seller 

Buyer 

Seller 

Buyer 

0 

D 

0 

D 

0 

D 

0 

D 

§.9» 

0.92 

0.87 

0.88 

2.65 

2.87 

2.82 

2.82 

l.«7 

1.87 

).66 

).78 

2.18 

2.18 

2.12 

2.18 

1.27 

l.ll 

).0« 

1.24 

2.32 

2.38 

2.30 

2.32 

1.5) 

1.5) 

).46 

).48 

2.71 

2,77 

2.88 

2.86 

1.22 

).2) 

).)« 

l.)8 

2.40 

2.40 

2.35 

2.35 

1.58 

).lt 

).52 

).54 

3.28 

3.28 

3.24 

5.24 

1.24 

1.24 

i.)9 

).t9 

4.48 

4.48 

4.34 

4.58 

!.?• 


2.85 

2.84 

5.80 

S.77 

5,72 

5.77 


2.37 

2.38 

2.51 

2.54 
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OBB SAMPLING 


Taryinf from 0.1 o* fcdd to 10% of buawr’a aauy. For crMter diffonnuMa, even after a 
reaaaay or umpire aaai^. a resample was made of the retained portions (Art 8). Original 
and duidieiates were made in all plants. Ute tables show that seller's assaiys are generalljr 
higher than buyer’s (Art 9). 

Table A Comparison of Gold Assays on Buyer’s Sarnie 


(Brsekets indicsf rewimpleii; O and iP wo oriipnal and duplieste wnplas; vslaee ia os) 


Seller 

Buyer 

Seller 

Buyer 

Seller 

Buyer 

0 

D 

0 

D 


■1 

O 

m 

0 

D 

0 

D 

1.28 

1.24 

Bl 



1.10 

1.16 

1.16 


2.44 

WSm 

2.32 

2.40 

1.54 

1.74 

n V 

llllfl 

■HvB 

1.83 

1.72 

1.80 


2.16 

Bn 

2.07 

2,02 

i.22 

l.ll 

DIS 


Hiin 

I.IO 

■KIV 

1.04 


2.82 

m 

2.70 

2.84 

1.25 


1.18 

llrU 

( 1.81 

1.75 

BkI 

1.71 


r3.98 

m 

3.83 

3.82 

1.50 

DCS 

1.38 

Ilii ■ 

1 1.82 

1.74 

DCI 

1.88 


1 3.28 

5.88 

3.23 

3.68 

1.41 


1.40 

Bi(II 

1.35 

1.39 

Dd 

1.34 


1 3.09 

3.11 

3.08 

3.04 

1.23 

ns 

1.18 

1.08 

1.04 

1.00 

no 

0.94 


L3.28 

3.24 

3.18 

3.12 

0.92 

0.98 

0.88 

0.94 


2.90 

2.92 

Bia 



4.88 

4.50 

4.89 

1.03 

1.09 

0.99 

1.02 

2.82 

2.68 

2.56 

B9 


5.46 1 

5.42 

5.27 

5.53 

1.37 

1.38 

1.30 

1.33 

2.88 

2 92 

2.79 

Mm 


5.78 ! 

5.90 

5.78 

5.74 

Average of entire series. . I 

1 2.40 

2.41 

2.32 

2.35 


Table 8. Comparison of Gold Assasrs on Buyer's Sample 
(Brackets indicate reaamplee; 0 and D are oriipnal and duplicate samplea; ▼aluee in oc) 


•< Seller 

Buyer 

Seller 

Buyer 

0 

D 

0 

D 

0 

D 

0 

D 

(0.98 

mgm 

0.90 

■■K’llIH 

2.44 

2.44 

2.46 

2.32 

i 1.08 


1.04 


( 2.28 

2.60 

2.20 

2.82 

1.18 

■im 

1.10 


12.39 

2.40 

2.40 

2.46 

1.04 

■w 

1.16 


2.80 

2.72 

2.84 

2.64 

0.86 



0.88 

(3.02 

2.58 

3.04 

2,80 

11.32 

1.50 


1.50 

( 2.80 

2.18 , 

2.78 

2.24 

11.24 

1.58 

■KlS 

1.60 

I3.33 

2.71 

3.32 

2.78 

f 1.05 

1.27 

1.08 

1.28 

3.52 

3.22 

3.47 

3.18 

(1.40 

1.33 

1.38 

1.40 

3.11 

3.13 

3.04 

3.04 

1.25 

1.25 

1.20 

1.20 

3.08 

3.34 

3.04 

3.28 

1,29 

1.33 

1.26 

1.24 

2.79 

3.03 

2.84 

2.88 

1.54 

1.58 

1.54 

1.40 

5.34 

5.40 

5.28 

5.34 

Aventge of entireaeriM. .. ..... 

2.04 

2.05 

2.01 

2.00 


Table S shows assays of shipments from 1 seller to 1 buyer for 18 months, and illustrates good 
sampling and assaying. In Tables 3, 4, 6, resamples were made only on the retained portion of SOO 
to 800 lb, and were not a check on the whole lot (Art 8). Many of the sampling machines figured in 
preceding pages are from plants represented in the tables. Table 7 shows assays of shipments-from' 
a custom sampler to a smelter using hand methods. Averages in Tables 3,4, 8, are of much longer 
series, shown here only in part. 


Table C. Comperieos of Gold Aseayg on Bnyer'a Samite 

(Aepreaentative of 400 assays) 

(Brackets indicate resamples; O and Z> are original and duplicate samples; values in os) 


Seller 

Buyer 

Seller 

Buyer 

Seller 

Buyer 

0 

D 

0 

D 

0 

wm 

0 

i> 

0 

D 

0 

X> 

0.46 

0.49 

0.47 

0.47 


1.28 

1.33 

1.32 

2.06 

2.07 

2.03 

2.04 

0.87 

0.87 

0.84 

0.87 


1.06 

0.98 

KSIl 

2.17 

2.24 

2.18 

2.18 

0.81 

0.74 

0.80 

0.80 

BIIIB 

1.16 

l.ll 

l.ll 

2.82 

2.81 

ESH 

2.64 

0.78 

0.77 

0.75 

0.78 


Him 

I.OI 

1.04 

3.48 

3.42 

Edl 

3.44 

0.82 

0.83 

0.82 

0.82 

1.25 

1.20 

1.28 

1.26 

3.57 

3.65 

Dd 

3,88 

0.50 

0.49 

0.52 

0.52 

1.22 

1.21 

l.ll 

1.13 

(3.80- 

3.82 

nci 

3.42 

0.42 

0.48 


0.47 

1.08 

I.OS 

1.00 

0.97 

U.ii 

3.31 

3.34 

3.30 

I.OS 

1.06 

0.98 

1.02 

■EH 

1.02 

■KH 

UiIM 

(3.10 

3.02 

2.89 

2.91 

1.88 

1.88 

1.58 

1.58 

1.17 

l.t8 

1.18 

1.16 

13.05 

2.95 

2.93 

2.03 

1.87 

1.8) 

1.92 

1.89 

1.71 

1.74 

1.75 

1.79 

4.53. 

4.58 

4.55 

4.55 

1.05 

1.08 

1.08 

1.06 

1.73 

1.83 

1.74 

1.72 

3.77 

3.72 

3.82 

3.06 

1,63 

1.84 

1.83 

1.83 

1.88 

i.ro 

1.88 

1.87 

4.02 

3.91 , 

3.08 

3.91 .. 

Average of «tttite aeries... 



1.41 

1.40 



















































































TaUe 7. Coasparisoa of Gold on Bayer’s Ssinide taken by Hemi Methods 
O, D, T, and Q indicate Original, Duplicate, Triplicate, and Quadruplet Sample, taken on last Quartering; vahua in oa 
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Jockayinc with assays, As> 
says reptniad by the seller «w 
usually higher than the buyer’s, 
the relation persisting througA 
reassays and reeamples (Tablaa 
3, 4, S, 6). On high<grade ores 
larger differences, occur (Table 
7). Eliminating the deliberate 
falsifying of the mining C 9 *np 
telephcne-system of compari¬ 
son of figures, there still exists 
the jockeying with assays fre¬ 
quently found in ore-settling 
practice. Simplest example is 
the cupeling at an intentionally, 
but not criminally, high or low 
temperature, giving correspond¬ 
ingly low or high assays with no 
particular strain on assayer’s 
conscience. 

The principal and more spe¬ 
cious excuse for jockeying is the 
fact that assaying of ordinary 
pulp is not an exact science. 
Due to conditions shown in 
Art 6 (Screening), the most con¬ 
scientious and skilful assayer 
may be unable to weigh from 
the pulp two or more chargee 
containing exactly the same 
amount of gold or silver. Hence 
it is customary to assay from 3 
to 12 separate charges from 
each pulp, to weigh all the but¬ 
tons together, and report the 
average assay only. But the 
large differences occasionally 
occurring between the buttons 
furnishes a plausible excuse for 
weighing them separately aiul 
discarding, in the average, such 
as differ excessively from the 
majority. This elimination may 
be done by the assayer, or by 
the setdement clerk, neither of 
whom may relish the responsi¬ 
bility. It is natural that judg¬ 
ments of buyer and seller will 
differ as to what buttons should 
be rejected; but even a consci¬ 
entious umpire is at a loss what 
to report when buttons vary by 
several os per ton. Possibilitiee 
for jockeying are greatly in¬ 
creased when 2 to 4 multi-sam¬ 
ples, with repeats, umpires, and 
resamples are madh, involving 
consideration of perhajw 160 
separate buttons for one settle¬ 
ment. 

Another opportunity for. 
jockeying is ^e relatioa be¬ 
tween assays and treetmnat 
charges, or the so-calisid ’’aplit- 
tiag" points with ssssya. As- 
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OBE SAMPLINQ 


■amine that as ore oostains iQiproz 1 oi cold per tem, and treatment ebarge is $4 if 
belcnr 1 oa, and $5 if 1 oi or more, fold at $20 pee cn; the bt^er prefer* a final 
averafe of 1.00 to 1.04S, and aeller anything from O.flM to 0.006, each preening the eritieal 
■MBya of 1.005 or 0.995 os gold reepectively. This is shown as follows: 


1.045 os 

- $20.90 

0.995 os 

- $19.00 

Less tnsatment charge 

5.00 

Less treatment charge 

4.00 


15.90 A 


15.90 D 

1.00 os 

- 20.00 

0.955 OB 

* 19.10 

Less treatment 

5.00 

Leas treatment 

4.00 


15.00 B 


$15.10 B 

1.005 os 

- 20.10 

Seller prefers D 

ndB. 

Less treatment 

5.00 

See Sto 32 for < 

lent charges. 


$15.10 C 

Values of 0.955 and 1.045 os (0AI9 os 


Buyer prefers B, but can stand A. difference) are equal commeroially. 

The question of the splitting point on RR freight classification arises in a similar manner, 
espedally where the ore is bought f o b at shipping point. 

Nom—In above ststnnent, the value of gold ia taken as $20 per oa (old atandard being $20.07). 
Present market price (Jan, 1940) is approx $35, in terms of U S "money on aooonnt," a phrase 
used by the Treasury Dem in its quarterly ciroutare on Monetary Units. As this assumed value may 
at any tbne be changed by Act of Congress, the $20 standard is retained here and in TaUes 8 to 7. 
In using tiie tables, aaeay valuee can readily be adjusted to existiag market price of gold. (See 
Table 20, See 46.) 


12. FLOW SHEETS 

How sheets 1,2, and 3 are selected from a series of 55 compiled for the U S Bureau of 
Mines (7). The form is a modification of that used by D. W. Brunton (3). Each line 
npreoents a distinct operation. Sin^do spacing indicates that ore passes from the operation 
s^wn in one line to that in the line below. Double spacing indicates that the flow of ore 
divides at tiiat point, different streams taking courses shown by arrow points. Hgores 
after orushors and rolls are indications of standud sises and fineness of crushing. Per* 
centages taken for sample are shown. At certain stages approx wt of sample is given, based 
on original lot weiid^ing 100 000 lb. Discard, unless followed by lines or sinide spacing, 
indicates elimination of that portion from further sampling. 

Hsiid.4ampliiig Mill (Flow sheet ITo 1) 


Bailroad beside storage bine 
Shovel sample- 


Sample 10%. 10 000 lb, toft in car ' 
Sho-^^ sample . 


Discard 


Discard 


Sample 60%, 5 000 Ib, left in oar ' 

Car taken to coning floor 
Spread in ring, and coned over wooden cross inside at ring 
Quutwed—--^- 


Sample, 50%, 2 6001b 
Spread in ring 
Coning and quartering repeated until 

Sample wei^s 150 to 300 lb ‘ 


’ Discard 


' Discard 


Taken to roU room, and partly dried if necessary 
Rolls, 12 by 120 in; about 20 mesh 
Rifle, ^ones type ... 


Sample, 10 W -- 

Dried 

Afrtdm, EngiMach type, to 50 mesh 
RRBo Joaaatypo ———— 


Discard 


Discard 


Sampla, about 8 lb - - — 

Raadsia^, 100 mesh , 

flfre*-r--L-—‘Ovwslse 
i - . Rucking board- 

Rofi on giaskd piUwr. But iaOsadoi with spatida; 


disoardMl 



FliOW SHEETS 




MMlMaiMl-lTv* SMBpUm Kill (T|»w l ii M t Ko Si 


SiUlro»d ou ov«r homm. Unloftdad iitio boppor 

Cnuhwi 13 by 24 in; to 2.75 in 

Rolh, 16 Iqr 42 in; to 2 in 

SbnJtinc tr»y to •tavntor No 1 

Snmptor No It Bninton oadUating 

Sample 20%, 20 000 lb --1-- Diaenrd 

Boib No 2, 16 by 86 in; to 1 in 
Shaking tray 

Sampler No 2, Brunton oadllating 


Sample 20%, 4 000 lb --*- 

Rolls No 8, 14 by 27 in; to 0.375 in 
Shaking tray 

Sampler No 4, Bninton oadllating 

SampU 20%, 800 lb --i- 

Rolls No 4, 8 by 20 in; to 0.125 in 
Shidcing tray 

Sampler No 5, Brnnton oscillating 

Sample 20%, 160 lb--1- 

Rolls No 5, 8 by 12 in; to 20 mesh 
Looked sample oar. Takm to sample room 
HaU-ahoval, Brunton .—. 

Sample, 20 to 40 lb <——. .. 

Steam dryer 

Englebaoh grinder, to 50 mesh 
Riffle, Taylor it Brunton —-- 

Sam|de, 20 to 24 os «-- 

Booking board < . 

Hand soreen 

Sas »-1- * Ovwsise— 

Rolling doth. All riffles into 4 sacks 


Discard 


Discard 


IMsoard 


Discard 


Discard 


SamdiBS wd Cruhar-roagtiiig (now>aheet No 8} 

Track bodde mill. Ore shovded to pan oonveyw 
Crusher, gyratory No 5; to 1.5 in 
Conveyer bdt 
Hopper* 


Ogide ores *—* Sulphide ores 

Revolving wire screen, 2 msah* 


'8iae< 


> Oversise 

Ttommd, 1 in hdee 


«ae< 


’ Oversise 


Rolls, 14 by 80 in. Trommd, 2 in holes 




R(^, 16 by 86 in 

•* Oveisise 
Crusher 
Oyratory No 4 


Hopper 

Sampin, Veda No 1, 2 

Sam|de20%, 20 0001b 
Shal^g tray- 


Samider, Vesin No 2, 2 arms 

Sample 20%, 4000lb -i— 

Bbairiag tray 


‘Discard 


Samidw, Vesia No 5: intermeehiag 


Diseacd' 


Rdls, 12 by 18 in; to 0.125 in 
S^ppter, Venn No 3 -*——*-*- 


SdMPle 8»%, 800 lb 
Sha l rwt gtgy 
Sam^iiu, Vedn lUo 4*- 


‘Sample 12.5%, 2500lb 

(Legal leeerv# 




Dierntd 



a»-i6 


OBE aUlFLINO 


Lookad •uApla hopptr. Wliadad to bucUat Toom - 
Portly dried 


Conod ond ouartored ■ 

Somylo, about 150 lb < 
Jonoo type — 

Sample, about 10 lb *~ 


Diaeard 

Dieeard 


Dried 


Grinder, Enilebaeb type, to 50 meab 
Biffled, Jmiee type- 

Sample, about 2 lb ---- Diaeard 

Band aieve, 100 meih *- 

* . ' .I . 1 , -, Overaiae 
I Bueldag board— 

Boll on glaaed paper 

Sack in 6 pulp aamplee with apatula, ezoeea diaoarded 


13. COSTS 

Table 8 ehowe operating coote of customa eampling plants in Colorado, Utith, Montana, 
and Nevada. Costs are affected by price of later, distance from supply markets, char¬ 
acter of ore handled, and service reteered. The probability of receiving even a small per¬ 
centage of high-grade gold ores necessitates a distinctly better mill and oi>erative care, 
more time lost in deanups, more assaying, and generally greater expense than sampling of 
lower-grade gold, silver, lead, and copper ores. Plants exclusively for transit sampling may 
or may not furnish assays to customers, and need small clerical force; whereas, if oros are 
also bought and sold, assaying, clerical force, administration, demurrage, and interest are 
large items, increasing with value and quantity of ore so interchanged, and distance from 
smelting points. (See also Sec 32.) 


Table 8. Costs of Sampling (1938) 



w ore transferred by wheelbarrow h » large ijToportion of high-grade ore 

t ore transferred by tram o — general ores, mostly low grade 

m ore transferr^ mechanioally e >- custom eampling 

t gold ores exol'usively p — some of ore purchased 

s - silver ores exdusivuy This company had 2 dants 

* 

Table 9 shows one month's mill-labor costs, taken from plant H in Table 8, and for a day-ehift 
run only. This form was designed for the Taylor and Brunton mills, copies being exchanged monthly 
between managers of 8 plants for comparison and suggestion- Platting the cost figures for a yeiu's 
run developB interesting and valuaUe facts, and tends to efficiency of management. 

Hand methods at smelters are usually combined with mechanical methods, and the 
preliminary fractional shoveling may be charged to sampUng, beddii^i, crushing, or somfi 
other department. Therefore comparative sampling costs are difficult and bf doubtihd 
valuer Different ^dters show costs of S0.45 to $2,25 per ton. Assuming a lOO-ton lot, 
enished to 0.5 in, and labor at $0.40 per hr,.the cost of filth drovaling'tbis to 20 twm, liaill* 
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■bovcling to 10 tons, and ocning and quartering to 260 lb, will be about |2 per ton, inolud* 
<ing cost of wheeling or tramming the reieot a reasonable distance to bedding ftoor. This 
does not includAmill supplies and machinery, making the sample, tsJcing moisture, assay¬ 
ing, nor any supervision or administration. At 40^ per hr, the single operation of half- 
shoveling 10 tons costs about 8|i per ton. Were it feaaible to handle so large a lot as 100 tons 
by coning and quartering only, labor cost would be 45 to 75(f per ton, depending on care 
required for the grade of ore. In general, the cost of coning add quartering varies from 5 
to 10 times the cost of mechanical sampling. 


Table 2. H Mill in Table 6. Labor Costs for One Month 


9 646 tons 

Days, hr 

Coat, $ 

Cents 
per ton 

Re¬ 

marks 

9 648 tons 

Days, hr 

Coat, 1 

Cents 

pertim 

Re¬ 

marks 

Weighing.... 

31 

139.00 

1.44 

m 

Clean-ups.... 

75 

337.50 

3.50 

• 

Fmmen..., 

31 

248.00 

2.57 


Repairs. 

42 3 

274.50 

2.85 


Unloading... 

190 1 

855.90 

8.83 


Sweeping mill. 

6 2 

28.10 

0.30 


Oiling. 

1 7 

8.70 

0.13 


Sweeping site. 

15 2 

68.60 

0.72 


Crusher. 

24 1 

108.60 

1.11 


Watchman.... 

31 

186.00 

1.92 


Loading. 

95 

427.60 

4.42 


Total. 

614 2 

3 055.55 

31.66 

30 

Sample room. 

71 2 

373.27 

3.87 






shifts 


*11.6 can (321.6 tona) per ehift; 48 tone per lot. 2(K> olean-upe. Mill idle, 6 days, 2 hr. 
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ASSAYING 


Introduction. Ttus nubject is treated from the standpoint of field work, as to both 
equipment and methods, with particular reference to local conditions in the more remote 
districts. Rare minerals, and some others of low unit value, are omitted, because their 
assay or analysis requires special laboratory facilities. For fuller discussion of assay 
metiiods, see textbooks listed in the Bibliography. 

In a remote region, the question whether to take in an assay equipment, or to send out 
the samples, will generally be decided by the number of samples, availability of satis¬ 
factory fuel for fire assay, and distance from an established assay office. But, in either 
case, to secure reliable results, adequate equipment must be provided on the ground for 
reduction of samples if transport of large samples to place of assay is to be avoided; 
and, unless individual samples are reduced to small size, their total weight may exceed 
that of assay equipment. 

It is often important, in making mine examinations, to be able to obtain immediate 
results on certain samples, in order to resample in case of doubt; also, the cost of extensive 
sampling may be curtailed by advance information. Therefore, when the num^r of 
samples is large, or the mine is in a remote district, an assay equipment is almost imper¬ 
ative, notwithstanding that't is rather bulky and liable to damage in transport, and ^at 
assay work in the firid is often beset with difficulties. In the absence of adeqtiatc equip¬ 
ment, dmpler and more convenient methods of making determinations are sometimes 
sought, but there is no satisfactory substitute for the standard methods. 

Blowpipe may be used for identification and qualitative tests (Sec 1); quantitative 
results require much practice and skill, and the results ai-e imreliable. i\irtfaer, fewer 
assays can be made per day by blowpipe than by standard methods, and the work is 
more tedious. An example will indicate the inherent shortcomings of the blowpipe 
method. Employing the usual charge of 1(K) mg for a 1-os gold ore, 0.(X)34 mg of gold 
be present. ComMning results of 10 fusions gives only 0.034 mg, a quantity too small to 
be accurately measured without a microscope, and requiring a delicate balance for weigh¬ 
ing. The total wt of ore used, 1 gm, is insufficient for a representative sample, and each 
assay would require 2 to 3 hours. The blowpipe is more applicable to high-g^e silver 
ores and base metals. The so-called “pocket smelter” gives no more accmrate results 
than the blowpipe. 

Pan is useful for testing gold-bearing gravel, or pulverised gold ores, particularly those 
in which the base metals are oxidised. In experienced hands, it will give better results 
on spotty ores containing coarse gold than the ordinary assay on 0.5 A T (1 A T, or assay 
ton =■ 20.166 gm) charges. (See Art 8; also. Sec 25, Art 7, Sec 31, Art 5.) The pan is 
useless where &e gold is combined as telluride or is enclosed in sulpbidra, unless the sample 
is first roasted. 


1. EQUIPMENT 

Cmshing and grinding devices. If power is available, and samples are large and 
numerous, mechanical devices for reduction of sample should be used. They save time 
and energy, and diminish tendency to excessively large cuts on coarse ore, which vitiate 
accuracy of sample. In selecting a jaw cbubhkb, capacity, strength, weight, and con¬ 
venience in cleaning are important; for ores likely to pack (due to moisture or.taicy 
nature), a crusher with forced discWge is desirable. For fine grinding, the disk puxr* 
VBBizsBS are efficient. There are several makes; those having a stationary and a revolv¬ 
ing disk give excellent results on hard and granular ores, though for talcy or heavy sulphide 
ores, th^ are less satisfactory. Ores of this class are better handled by a pnAKBTABT 
aBiMSBB, in which a revolving disk travels in .an orbit, and discharge is positive. 

For iwluotion of coarse ore by manual labor the jaw obttbbbb is most efficient. Rela¬ 
tively small jaws and heavy fiywbeels of large diameter are necessary. There is a knack 
in operating these machines, slow feeding and high rotative speed being essential. A 
rimjfiw. dfsvice is a STBBii piatb and bammbb (cast iron plate, Tutless heavy, is apt to 
bret^y.^and a 3 or 4-in section of 10 or 12-in pipe, to prevent the pieces from flying; or. 
iwrtsad of the hammer, a “tamper” with a taller piece of pipe will ^ found mctte effidant. 

8<H» 
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For added eonveoieiiae, the temper may have a long handle, projeotinc thnnicb a hole ia 
a board overhead, and the pipe aectioneerewed to a flange for stabjlity. For fine grinding, 
nothing ie better than bccxboabd aho KUuaB, to minimue salting of 

(Art 10) must have a finitiied susfMe and be free from pits. Ouokboarda with rim or 
flange on 3 aides have an unfiniahed surface. Some aasayers substitute a piece of t-beam 

channel iron for the buekboard, ue^ a muUer to fit the groove. Mullers should not 
be ovw 4 in wide, their greater bearing surface diminishing the unit crushing pressure. 
The Guanajuato Development Co has long used stone buckboards and cobble-stone 
muUers, with which thousands of samples have been ground. They are of silioified rhyo¬ 
lite, and it is stated that the pulp is diluted less than 0.5%. (See alun See 25, Art 4.) 

Sa m p l i n g devices. A conveniwtt and satisfactory sampler is the Jones riffle (aa made 
by Denver Fire Clay Co, Fig 1). It has short spouts, facilitating cleaning. If it is set on 
the work bench so that its center line coincides with the edge 
of a rectangular opening in the bench, the rejected portion is 
delivered directly into a receptacle underneath. The opening 
is readily closed with a cover plate when both portions of 
sample are to be saved. The old trough and space-riffle is not 
reoommended for general use; when carelessly uled, results 
are unreliable. (See Sec 25, Art 4, 5, 6, 7.) 

Furnace depends on method of assay, availability and cost 
of fuel, transportation, and amount of work to be done. 

McrrLa ruRBAca is equally adapted for all work; gives a 
more uniform and constant temperature; and is free from 
^ects of furnace gases. It usually gives the best fusions, and 
crucibles last 2 or 3 times as long as when in direct contact 
with burning fuel. Soft coal and wood require this type. 

Disadvantages: Fuel economy is less, size of crucible limited, 
and destruction of muffles comparatively large. Though the 
increased cost of muffles is generally offset by saving in 
crucibles, their size and uncertain life may be the deciding 
factor when working in remote regions. Advantages of separate Fig 1. Jones Riffle Sampler 
crucible fusion and muffle oupellation furnaces are practically 

the reverse of above. Combikation fuhnacb attempts to combine the separate furnaces 
into one compact unit, using one burner for both fusion and cupellation, but it is difficult 
to inmTi*ji.in both Compartments at proper temperature. It is recommeaded, however, 
for small amounts of work, or where transport is costiy. A stock furnace, obtunaUe 
for practically all fuels, is generally preferable. Carborundum mufflM are 10 to 1 bettor 
than clay. 

Furnace buflt In field, for solid fuel, is rectangular in section, of fire brick laid in a 
mixture of i/a burnt and ^/a raw day. Ordinary brick does not stand well and stone is 
uselees. Furnace is bound with angle irons at comers and braced with tie rods, or built in 
a ^eet-iron case. Transverse iron bars at front and back support grate bars, which should 
project into the draft opening, for convenient dumping of ashes. At 8 to 12 in above 
grate bars is an opening, through which the muffle is inserted and supported by a block 
at the rear. Muffle opening is closed by a plug when used for cradble work. Space 
between muffle and furnace walls must be sufiideat to allow fuel to pass. 

If old crudbles are available, they may be ground to pass an 8-medi screen, mixed with 
water and 10 to 20% of day, uui rammed into a sheet-iron case, containing a core of the 
shape desired for interior of furnace. Slag adhering to crucibles so used acts as a bond. 

Fuel is coal, coke, or chaicoal, but the above furnace works best with coke. Charcoal 
bums rapidly, requires constant attention, and gives fluctuating temperature. Soft coal 
ie apt to coke and form a solid mass, which must be broken up, and the fuel-bed temper¬ 
ature ia low until most of volatile products have been expelled. Soft coal gives best 
reaulte in muffle furnace, thickness of bed being 5 to 8 in, on a grate 15 to 18 in below 
muffle. Anthracite makes a comparstivdy dow fire, in which it is difficult to obtain 
fusions without strong draft. 

Ofl-bUrtting furnaces are best for field work. When power is available for a blower, 
heavy oils may be used, at a low fuel cost. In absence of power, gasolene furnace largely 
compensates for added fuel cost by saving of labor, rapid attainment of any desired tem¬ 
perature, and ready ccoitrol. Gasolene furnace requires considerably more fuel while 
beating to required temp than subsequentiy; hence, ehort nms should be avoided. Two 
xA the largest manufacturers are: Denver Fire Clay Ck>, Denver, Cffio, uid Braun Corp, 
Los Ani^eles, Cal. Fig 2 dtows a light and satisfactory type, gasolene consumption for 
which fs stated aa 0.5, 0.76, and 1 gal per hr, for furnaces taking 6, 8, and 10 20-gm 
orinibleB respe^vdy. The i/i or 1/4’in pipe and elbows usually funushed with thm 
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funuusM c«tt be z«|4seed witli wlvviitate br aaiaU4Mn» copper tubioc, ksomi as bollow 
win; it ie eerier to install and etimiiMtea nnmeroue jdnts, with titrir liabdi% to leekace. 

Balances. A riieep eprin 9 >balanoe, coating 15^ to 25^, witii a pan auspended Iqr 
3 airing, answers for wrigbing stock chaigM. Pt}i;.p aAhAttai rinmld have pans holding 
at l ^»t 1 A T (assay ton « 29.106 gm), and should be capable of being dismounted and 
packed in the case dmwer. iW have either all-steri bearings, or steel knix«s and grooved 

agate bearing plates, the 
latter bring preferalde. 
For nsn bai.ahcb, follow¬ 
ing points should be. con¬ 
sidered. Since silver beads 
do not retiuiro estrone 
accuracy in weighing, a 
very sensitive balance, 
which is always riow and 
liable to derangement, 
should not be chosen for 
this work alone. Gold 
determinations are most 
exacting, and for a large 
number of weighings, the 
balance should be of the 
best. The most sensitive 
balances are very driicate, 
and will not stand rou(dr 
handling. The inverted 
Fig 3. Gasolene Assay Furnace or “no column" type is 

recommended. Several 

makers have special portable balances, which are good, but less satisfactory than the 
standard types, and should not be used for permanent equipment. 

Wafghta. For aou> aho bilvbb asbat, combination set of 0.01 to 100-gm and 0.1 to 
4-A T “second grade" weights is advisable. The AsaAV ton (A T) containa as many 
mifiigrams aa the avofadupois ton contains troy ounces; therefore, 1 mg of gold or silver 
obtained from 1 A T represents 1 troy os in 1 avoirdupois ton. The short (2 000 lb) and 
long ton (2 240 lb) will be represented by an A T containing respectively 29 160 + mg 
(;^.166 gm) and ^2 666 + mg (32.666 gm). Bbad wbiqhtb comprise 1 mg to 1 gm, and 
should be of the highest grade. These weights, as furnirired by supply houses, are usually 
inaccurate and should be tested. Blight discrepancies can be disregarded for i^ver wrigh- 
ings, but a difference of 0.01 mg causes an error respectively of 20^ on 1 A T, and 40^ on 
0.5 A T charges of gold ore. Analttical wEtoHTa for base metal and miscrilaneous 
determinations should include 5-mg to 100-gm first grade weights. If both classes of 
work are to be done, the 5-mg to 1-gm weights may be omitted from the analytical set. 
It would be possibie also to eliminate the gram weights in assay set, but this is inadvisable. 

Where ore is weighed in mbtric tons, gold and silver are reported in grams and kilos. 
Aa there are 1 000 kg in a metric ton and 1 000 mg in 1 gm, 1 mg of gold or silver obtained 
from 1 gm of ore will represent 1 kg per ton. Example: if 10 gm of ore gave 15.5 mg of 
silver and 0.35 mg of gold, the ore contains 1.55 kg silver and 0.0.35 kg, or 85 gm, of gold 
per metric ton. Where metric system is employed the A T weights arc useless. 



2. REAGENTS 

UOarge (PbO) ia employed in cruciUe assay to furnish lead iot a button; alao, in 
many charges, as a baric flux, oxidiser, and deeulpburixer. It riiould be tested for silver 
Iqr fusing 10 A T with silica, borax glass and soda, and enoitgh reducing agent to giNW a 
35-fpn Irad button. If appreciable bismuth is present, it will be indicate in cupellaiion 
by a brown stain at the point where last of the lead is oxidised. Bismuth causes inac¬ 
curate TMults, for which correction can not be made, as in case of silver. 

Selhrim carboimte (NasCOs). Commercial carbonate or soda ash (Na^CXls) is suffi- 
rientiy ptire for assuring and riundd be etnployed. Bicarbonate ia unnecessary, oeata 
more, and is more bulky per unit of NasO. NsiCOi acta as a baric dux and in oeltiin 
riwrn i* A dceulphttriacr. 

Trijii laad ia a solvent for gold aftd rilver. In aeorifioatbn aaeay it ia oridiaed to 
hiimrte, wMeh ia the prinripal flux. It may contain Ag and Bi, and riiould f>e teateri 
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■oorifying four 8(hpa {xniioiia. whifili we com b ined and reaeorified until aufliieiently 
redue^ for euiidtatioB. 

Pota—iurt cwbowite (KsCOi) perforau aune’ function aa NatCOs; whan uaed with 
the lattw it givea a mixture of loww melting point. It is much more expenahna. mrt 
eeaential, and, being hydroscopic, is an unaatiafsctory reagent in moiat climatea. 

Borax (NstB 40 T 4* 10 HiO) is a fusible acid flux, useful In asuating to diaaolve many 
baaio oxides. It should always be employed in form of borax glass, prepared by fusing 
eommerciid borax and pulverising the resulting glass. 

Silica (SiOa) should be considered aa an acid reagent and not a flux, becaxxae its melting 
points, in combination with the constituents of an ore, are higher than those genwidly 
uaed in assaying. When added to a charge an increase of the fusible fluxes is necessary. 

Potaashun cyanide (KCN) acts aa a reducing and desulphurising flux. It is useful in 
base metal determinations, but not for gold and silver assays. It should be of good 
quality. Cyanide containing any considerable amount of cyanate is absolutely worthless 
for some determinations. 

Flour is the most convenient reducing agent; 1 gm will reduce about 10 gm of lead: 

Niter (KNOi) is used to counteract excess reducing action of some ores; it has an 
oxidising power of about 4.25 gm lead per gm. Since the power varies, a determinatlcm 
may be necessary, preferably done against the reducing agent occurring in the ore, usually 
pyrite. Make up two charges, using 2 gm of pyrite, or enough ore to reduce 15 to 20 gm 
leiul, 6 gm silica, 7 gm soda, and 60 gm litharge. In one of these charges introduce 2 gm 
niter, uid fuse both at strong red heat. Reaction should be completed in 15 min. Wei^ 
resulting buttons and divide difference in weight by 2, giving oxidiaing power of niter. 
Niter also acts aa a baaio flux. 

Stock fluxes are advisable when many assays are to be made on one class of ores, 
unng the proportions given bdow under individual charges. It is often demraUb to omit 
niter or reducing agent, adding these separately to individual assays as required. 

Reagents for wet analysis and parting should be cbmnically pure (c p), uiileaB otbei> 
wise stated. 

Water. If distilled water can not be obtained, rain water may be uaed, collected after 
a portion of the precipitation of a shower has run off. Lacking this, chmuicaily treated 
water should be used, especially for parting in gold and silver aasasra, where chlorine, 
generally presmit in ground waters, interferes seriously. To prepare water for parting it 
should be treated with a slight excess of silver nitrate, heated, and allowed to stand for 
at least 24 hr, then filtered or decanted. This water is used for diluting HNOa, and for 
first washing. Another portion of water not treated with silver nitoate should be made 
slightly ammoniacal and used for second washing. 

3. SAMPLING (See also Sec 25 and 29) 

General procedure. Working down an original sample to the final stage is often more 
difficult than making a satisfactory assay, and because of toe labor and care involved this 
operation is frequently slighted. A mine or prospect sample, aa usually taken, is apt to 
be much less accurate than toe results of assaying. (For grinding and aampUng de> 
vices see Art 1.) The original sample should be reduced to small sise at place of taking, 
unless suitable mechanical devices are available elsewhere. Table 1 assumes that the 
assay office will not have to deal with samples of over 20 lb (preferably 5 lb or under). 


Table 1. Minimum PeimissiUe Weight of Sample for Given Size ol Ore (1) 


• Wt of sample 

Low-grade and uni- 
form ores 

Medium oree 

Eich and spotty 
orea 

Om 

Lb 

Mm 

Appvoz 

mesh 

Mm 

Approx 

mmh 

Mm 

Approx 

m^ 


20 

3.6 

6 


8 

1.00 

17 


10 

2.5 

8 

Blfl 

10 

0.71 

24 

• * • • f • e 

5 

1.0 

10 

BtH 

14 


32 

B ■ a a ■ 

2 

1.1 

■ 16 


22 

0.32 

45 


I 


20 

0.54 

30 

0.22 

65 


0.5 


28 

0.58 

38 

0.16 

18 

90 

0.2 


40 

0.24 


0.10 

ISO 

45 

0 1 


55 

0.17 

82 



22 5 

0 05 


76 

0.12 

125 




0.02 

O.ll 
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'BMt actliod of working down a aatnpta oan be aeoertained only bgr eqaedmeat. and 
for a number of aimilar eamplee it ahould determined. Th^ eiee of ore particle indicated 
in Table 1, for a given w^ght ol eample, ia muoh finer thw neoeaaary in many cfuea. 
The aereena uaed are generally multiplea of 10. To aave labw, the numbw of outa whMi 
grinding by hand will be greater than for machine work (Table 2). 


Table 2. Working down Samples by Hand and by Machine 



Hand work 

• 

Machine work 

Original 


Hum- 


Original 


Num- 


wt of 

Memb 

ber of 

Final wt 

wt of 

Meeh 

ber of 

Final wt 

Sample 


cuts 

of sample 

sample 


outs 

of Bsnpls 

201 b 

4 



20 1b 

4 

0 

201 b 

20 “ 

8 

2 

WKSm 

20 " 


2 

5 “ 


20 

2 


5 *' 


4 

5 OB 


40 

2 


5 os 


assay 



100-120 

AJUAy 






I 251b 

40 

3 

2. S os 





2.5 o« 

120 

assay 

•.. 






To cheek aecuncy of sampling (see Art 9), mix rejected portions thorou^y and 
repeat operation. If sampling procedure ia correct, results will check within limits of 
assay accuracy. Thorough mixing and mode of dividing sample are as important ea 
eixe of ore particle. The coning and quartering method, while capable of giving good 
results, ia liable to aerious error and the use of riffles (Art 1) is much preferred. Riffles 
ahould have an even number of spaces and the sides should ^ kept in perfect alinement. 
Ore coarse enough to cause bridging must never be fed on a riffle, and a flat-bottom scoop, 
over which the ore is uniformly distributed, should always be used. After splitting, the 
two portions of a sample should differ but dightly in weight. 

MetalUca in an ore necessitate following procedure. A sample sufficiently large to 
insure an average value must be taken. This will depend on character of ore, and can be 
determined only by trying several samples and comparing results. 

Assume an ore containing coarse gold to be ground to 20 mesh; weigh 20 A T ; grind 
to 150 mesh and screen. Wt of metaUics and coarse ore on screen, 3 gm. Scorify this 
with 40 gm of lead and cupel; wt of gold 800 mg. Of siftings, weigh 0.5 A T (in gm) 


i. 

40' 

wt of gold 


— — gm 


■ 14.508 gm ■■ proportionate amount of fines in 0.5 A T of ore. Assay siftings; 
• 200 mg. 

800 

Weight of gold in metallios from 1 A T of ore m 40 mg 

.siftings •* " “ » 200 X 2 » 400 

Weight of total gold in 1 A T of ore ■■ 440 mg 


or 440 os per ton. 

If metallics on screen will give a bead of more than 2 gm, scorify and sample tjhe 
I»*oduct, as indicated below. Ores containing nuggets are extremely difficult, and in some 
cases impossible, to sample by usual methods. A large sample must be taken. 

Assuming it is necessary to take 50 lb of a &mesh rich silver ore to obtain an accurate 
sample: Weigh out 64.3 lb ■■ 1 000 A T (1 lb 15.5521 A T) and grind to 30 mesh. 
Mw^llics on screen weigh 500 gm. Flux with soda, borax, and niter if metallios ocmtain 
n»idi«able constituents such as sulphur, arsenic, or antimony. Weight of bar » 400 gm. 
Sample the bar and cupel 500 mg. At same time cupel an amount of pure silver «nd 
copper, equal in wt to the silver and base metal in 500 mg of bar. Add loss of pure 
silver in cupellation oi latter to bead from bar sample. Say fineness equals 950. Then 

500 

coarse metallics contain 380 gm silver. Of the SO^mesh product, wrigh 10 A T — 

10(1 

gm (291J66 — 6) «• 286.66 gm, the proimrtionate amount of fines in 10 A T of original 
ore, and grind to 120 mesh. MetaUics on screen 8 gm. Scorify with 80 to 100 gm 
lead to a button of at least 60 gm, since rich gold- and silver-lead aUoys are briUte. Ifoll 
button and cut sample from different portions of sheet. Cupel 6 gm wrapped in 5 to 
10 gm of lead foil. Weii^t of bead •" 450 mg; whence, 4^ X 10 ■■ 4 ^ ii|g total 
silver in metaUics. 

( S60 8 \ 

2000 ^ M " ^^’*®*‘*’* “■ 
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(0^ 4- 0^) •* 13.933 cm, or 0.5 A T minus the pn^rtionnl amounts of ov«r SO-medi 
ea4 120-mesh metallios. Resultiag bead « 350 mg. 


Weight of silver in coarse metsUics from 1 A T 

“ •• “ “ fine " '* “ 

“ “ “ “ siftings (120.medi) “ 

Wei^t of total silver in 1 A T of ore 


380 000 
1000 
4 500 
10 

350 X 2 


380 mg 

460 •• 

700 ** 

1 530 mg 


or 1 530 os silver per ton. 

Low-grade, spotty gold ores (2), illustrated by some from California, and Blaek 
Hills, 8 D, have their >^ue8 so segregated that the ordinary 0.5 A T charge of lOO-mesh 
product is unreliable. A sphere of gold 0.147 mm diam (opening in a lOO-mesh screen) 
wnghs 0.032 mg. If we conceive a $4 ore in which the particles of gold are of that diam, 
there would be 3 particles of gold in 0.5 A T, whence the absurdity of electing to obtain 
an acciirate assay portion of this material is apparent. It is necessary to take 20 to 40 A T 
of such ore, and as this amount is large to fiux, the coarse gold is amalgaxnated by adding 
5 gm mercury, with enough water to make a sludge sufficiently thick to hold fine globules 
of mercury in suspension. TMs is ground for 5 to 10 min in a mortar, preferably of 
porcelain, or a small jar mill, then thinned with water, and panned to recover the amalgam. 
If the mercury does not collect well, add a small quantity of sodium amalgam (Art 8; 
see also Sec 31). Place the amalgam in a parting flask or cup, dissolve the mercury in 
HNOi, atmeal and weigh the gold. The gold may contain some silver and should be 
inquuted and parted. The tailing is dried, mixed, and assayed, using 1 or 2-A T portions. 
The two results are combined in proper proportioiu. 

Sample composition teste. Approximate composition of an ore must be known, to 
make up a proper charge. When ore is in lump form, this may generally be determined 
by inspection. If pulverized, take 5 to 10 gm in a pan or clock glass, add water and 
agitate; pour fine slime and repeat if necessary. Add more water and stratify remain¬ 
ing coarse minerals by panning motion, then determine minerals and their approximate 
percentage by inspection. Do not attempt to effect a concentration; instead, remove 
the indistinguishable fine minerals, leaving the coarse particles so segregated that they 
may be identified and estimated. Treat about 1 gm of ore with HCl; rapid evolution of 
gas indicates cabbonatss. Allow complete action, noting ptercentage ffissolved, which 
will be classed as base. Odor of HjS may give the impression that the action is due to 
BtiiJPHiDBS. Mineral sulphides, however, react slowly with HCl and do not give a rapid 
evolution of gas. HNOt will not answer for this test, as it attacks sulphides vigorously 
and it is not possible to distinguish between the action of carbonates and sulphides. 
Evolution of chlorine denotes ifANOANBSB dioxide, and the amount of this mineral present 
must be judged by color of sample, remembering that pyrolusite is black. Add strong 
HNO« to about 0.25 gm ore, boil, dilute, make ammoniacal, filter or allow to settle. Blue 
solution indicates coppbb, and the percentage may be approximated by the depth of 
color. To test for abbbnic and antimony, separate the concentrated metallic minerals 
from panning test, and heat with blowpipe, or in porcelain capsule, mixed with a little 
charcoal. Characteristic fumes of arsenic and antimony will denote their presence. 


4 . CRUCIBLE METHODS FOR PURE ORES 

Size of lead button. Crucible method is reconunended for field work, as it is applicable 
to all ores, permits use of large, representative samples, and reduces multiplication factor. 
While the charges vary for different ores the principle is the same for all. The ore is 
mixed and fused with such fluxes as will effect complete decomposition and solution at a 
reasonable temperature, thus liberating the gold and silver. The oxidising and reducing 
agents are proportioned to produce 20 to 25 gm of lead, which collects the gold and silver 
in one button. A lead button of 25 gm is sufficient to collect the values in 1 A T of ore; 
a larger button is not in itself detrimental, but it must be realized that when a charge is 
m ade to yiold a buttcm of definite size, all lead reduced in excess of that amount diminisbm 
the quantity of litharge available as a flux, and excestive reduction m^ thus serioutiy 
affect re^te. Lead buttons of less than 15 gm may or vay not collect ail the vitiues, and, 
if adopted, this point should be proved. It is essential that the gold and silver shall 
be completely liberated before aU the lead has settled. 

Fnakta. Mannw of fusion is important and variM with diffwent ores. Qose attentiiHi 
be given to inatruotiona on point, which ac co mpany the different e b a rgs a. 
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a rule, a faskm dioidid be complete in 20 to 35 min. ^uabnsattooloiratMnperatuie 
vill affect recovery of botib 0 old and adver; too biffb a tempttrature usually affects only 
tbe silver. Do not place eruoiUes in tiie furnace until it is up to working beat. 

Siags. A fljaaey or vitreous slag, which can be drawn into threads when viscous, is 
genertdly desirable, since a slag of opposite chsraeteriatios may indicate incomplete 
decomposition, and may also cause poor collection of lead. Glassy slags are produced 
by havii^ simcient silica and borax present to form a solid solution with the bases. 
Character of slag is controlled by these reagents. 

Charges for pure ores. Pure ores are composed chiefly of the ordinary rock-forming 
elements, with small amounts of the elements classed as impurities, vis, S, As, Sb, Cu, Zn, 
etc. The problem is mainly to proportion the fluxes so that the ore will go completely 
into solution. The principal fusible fluxes, NaiCOi and PbO, are capable of zoadily dis¬ 
solving SiOt, but their action on the bases is rather limited. To decompose basic ores, 
enough 8iOi must be added to combine with the bases in the ore and fluxes used. Different 
bases require varying amounts of SiOj to produce a slag having desirable characteristics. 
This is indicated in Table 3. In first column is a charge for 100% Si02 (acid); in third 
column, the charge is for 100% of the base; in second column is a charge for what may be 
called the neutral ores, which have just enough acid to satisfy the base and give a good 
slag. It is not supposed that ores will have the exact compositions indicated in ^ese 
charges; but, having 3 points defined for a single base, it is easy to vary the charge 
according to the ore constituents. If more than one base is present the charges can be 
combined in proportion to the constituents. There is considerable latitude in composing 
a charge. With a basic ore, if enough SiOj, or even a moderate excess, be added to affect 
complete combination, and then enough flux to give a slag with medium fusing point, 
good results will be obtained. Flour is the usual reducing agent, yielding approx 10 gm 
lead per gm. Amount required for a charge is not given, because, since the ore often 
contains i^ucing or oxidising i^ents, it is possible to state only the total reducing action, 
in tenns of lead; not necessarily the net reducing action, or amotmt of load desired. 
(Remarks following the table should be studied before making use of the charges.) 


Table S. Typical Assay Charges 


Caloium OB MAGmssrow Cabbokatb 


Add 


SiOs, 100% (a) 


Ore. 

0.6 AT 

Silica... 

0 

gm 
« 1 

Sodium carbonate... 

20 

Litharge. 

45 

1 1 

Borax glass. 

5 

1 1 

Reduemg agent... ■■ 

20 

gm lead 


Neutral 

CaCOi or MgCO«, 50%; 
SiOj, 60% (6) 

. 0.6 A T 

. 0 gm 

. 15 “ 

.45 " 


■■ 20 gm lead 


Basic 

CaCX>i, or MgCOi 
100% (c) 

. 0.6 A T 

. 15 gm 

.30 " 

.76 “ 

. 10 •* 

.... • 25 gm lead 


SiO*, 100% (o) 

Ore. 0.6 AT 


Silica. 

0 

gm 

Sodium carbonate... 

20 

1 • 

Litharge. 

45 

« 1 

Bomx glass. 

6 

<1 

Redudng agent... ■■ 

20 

gm 


Ibom Oxidb 

FetOt, 80% FesO». 100% <s) 

SiOs. 20% (d) 


0.6 A T . OJi A T 


0 

gm 

• s • 

. 3 

gm 

15 

1 4 

sea 

. 18 

41 

45 

1 $ 

tee 

.65 

4 4 

6 

t 4 

ess 

. 6 

40 

28 

gm lead 

e a s 

...- 30 

gm lead 


SiOt, 100% (a) 

0». 0J5AT 

^ca. 0 gm 

Sodium carbonate... 20 ' ‘ 

lititarge.45 " 


Manganiibb Diozidb 

MnOi, 60% 

SiO,. 40% (/) 

0.6 AT 
0 gm 
6 •* 

40 •* 

16 •* 

40 gmlead 


BoraxglaaB.. 5 “ 

Badud^ agoit... ■■ 20 gm lead 


MnOs, 100% (g) 

.. 0.6AT 

..10 gm 

. 7 '* 

. 70 “ 

..25 *' 

....» 65 ffulead 
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a. 

ALxncnroiK Qzidb 


8iO|, 100% 

(«) 

AlsOs.60% 

SiOs, 40% (A) 

AIsO,, 100% (0 

Ore. 

P.6AT 

0 gm 

20 " 

45 " 

6 " 

. 0.6 A T 

. 0.5 A T 

Silica. 

. 0 am 

. __ Ip 0111 

Sodium carbonate... 

Litharge... 

Borax glau. 

. 15 “ 

.46 " 

. 5 “ 

.25 . 

.75 “ 

. 8 " 

Caldum fluoride.... 

0 “ 

. 5 '• 

. 8 “ 

Redudng agent... -i 

20 gm lead 

. ■■20 gm lead 



Low-osadb Agio Obsb and 

Ore. 

Sodium carbonate. 

Litharge.... 

Borax glass.. 

Reducing agent.. 


Tailinos (h) 

. 3AT 

. 120 gm 

. 160 “ 

. 15 “ 

.« 35 gm lead 


Ore plus added SiOf is considered as ore for the purpose of composing charge, and fusible 
fluxes are added accordingly. These chaises form dliostes and borates with the bases. 
One-half A T of ore + 15 ^ SiOt requires same flux as for 1 A T of acid ore. Excess 
SiOj above that required will do no hann, provided sufiSdent soda and litharge are used. 
It is therefore apparent that charge (c) may be used for 1 A T of add ore. Borax glass 
may be omitted in many charges for siliceous ores, eliminating tiie more expendve flux. 
Its use, even when not required, does no harm. In the absence of large amounts of 
impurily, soda and litharge may be used in these charges to a certain extent interchange¬ 
ably* in ratio of 2 to 3, without objectionable results. Ores frequently contain more or 
leas S, As, Sb, Cu, Zn, which should be oxidised. As this can be done only with litharge, 
the charges as given will have the greatest general application. There is no spedal ad¬ 
vantage in a char^ of the following type, which is in common use: Ore, 0.5 A T; NaiCOt, 
15 gm; EiCOi, 15 gm; borax glass, 15 gm; litharge, 30 gm; flour, 1.75 gm. The use of 
litharge in above amount makes it impossible to obtain a lead button too large for cupd- 
lation, but this is of doubtful advantt^. Any saving in cost of litharge is offset ty the 
use of potasdwn carbonate and increase of borax. The amount of redudug agent required 
depends on presence or absence of redudng and oxidising agents in the ore. Pyrite (Fc^) 
up to 13% of the ore, or its equivalent, is permissible with these charges; at 13%, it 
replaces all the redudng agent, giving a 24-^ button. In charges (e), (g), (t), and (k) 
larger lead buttons are produced because of increase in dse of charge. In (^, (e), (/), 
and (g), a lead button of 20 to 25 gm is desired, but excess redudng agent is necessary to 
counteract oxidising effect of FeiOs and MnOi. In (/) and (g), manganese as MnOt does 
not go readily into solution; high soda interferes with its reduction; borax glass mate¬ 
rially asdsts dissolution. Charge should be brought rapidly to fusion temperature, the 
maximum being 1 050° C, or light yellow. AlsOi in combination is a frequent constituenj; 
of ores (charges h and i ); it slags with difficulty, and interferes with collection oi lead. 
The use of fluorspar (CaFt) asdsts in taking AljOi into solution. If omitted, soda and 
borax glass must be increased 100%. 
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iJ.ivi 


[RS ORES 


These include <»«8 containing enough S, As, Sb, Zn. Cu, Ni, Co, and Te, to inerease 
■lag and cupel losses, unless thdr effect is counteracted. For this an oxidising charge 
is necessary, and as litharge is the only oxidising agent which can be used in excess, it is 
employed freely. 

Iran nrrita ores containing less than 13% pyrite have been discussed in Art 4. Those 
oontainii^ over 13% pyrite are treated by eitiier niter or nails method. Nncn xarHOD 
gives mom rdiaUle results for gold and diver, and admits the presence of otiier impurities. 
Tt tisually requires a preliminary assay to determine redudng power of the ore, and this, 
together with the large flux charge, makes it dow and costly. The naiu cHABon is 
capable of direct appUcation, but only to sulphides c<»nparstively free from other 
impurities. Gold results by this method are fairly reliable, with poadble error of 1%. 
Silver results, except in the case of small amoimts of pyrite (20% or undw) are low; 
tiw kos toereases witii percentage of pyrite, reaclung 10% with pure pyrite. When hi 
doubt whether an on is pure m pyritio, the mule eharg^ may be luwd satisfaetorfly, even 
thoui^ the psnite present is less than that requiring this diarize. 


























30-10 


ASSAYING 


Niter method. In thia the KNOa oxidiaes all the FeSi in excess of that required to 
reduce the desired amount of Pb, the remaining FeSj being oxidized by litharge. To 
obtain the required definite state of oxidation, a relatively large amount of base is neces¬ 
sary, in which case the S is completely oxidized to SOa. 

Prallniinary charge. The r^ucing power of an ore must be known, to determine the 
amount of niter required. A knowledge of the ore may furnish the information, or, with 
sufficient experience, it may be determined by panning. Preliminary fusion is generally 
necessary, using following charge and calculation: 


Ore. 0.1 AT 

Sodium carbonate. 7 gm 

Litharge. 50 “ 

Wt of load reduced.... — W 


or 



Onuns of I.ead from PreUmbuirr Fusion of 0.1 A X ■ of Ore 
Fig 3. Reduction Oiagraib for Impure Ores 

liminary charge weighs less than 5 gm, or fails to 
reducing agent and not niter is required. 


(TP X 5) - 20 
4.5 

W -4 


X gm KNO| 


0.0 


Xgm KNOa 


Charge should be fused in 10 to 12 
min. at a light yellow (1 050“ C). 
Slow fusion, or too long a time in 
the furnace, gives low results. The 
chart (Fig 3} wiJl eliminate calcula¬ 
tions, or Hawley's method may 
be employed. Weigh out 3.24 gm 
ore (instead of 0.1 A T) and fuse 
with the above charge. Place lead 
button obtained in left-hand scale 
pan, and suspend a 5.5o-gm weight 
from hook on opposite end of beam 
(The 3.24 and 5.55-gm wts ’lart 
based on niter having oxidizing 
power per gm of 4.5 gm lead.) 
Balance with niter, thus obtaining 
the amount required for final charge. 
The special weights arc readily 
cut from lead; the larger one is 
suspended by wire from the pan 
hook. If the lead button from pre- 
counterbalance the 5.55-gm weight. 


Table 4. Final Charges 


Over 50% SiOj in ore 

1 Under 50% SiOj in ore 


0.5 A T 

Ore. 

0.5 A T 

Sodium carbonate. 

Litharge. 

Potaaaium nitrate. 

10 gm 

75 “ 

X 

Silica. 

Sodium carbonate. 

I.itlinrge. 

Borax kIom . 

Potaasium nitrate. 

6 gm 

15 “ 

100 •• 

6 " 

X 


Final fusion, Lead button of 20 to 25 gm is desirable for ores containing less than 
50% pyiite; for more than 50%, the button should weigh 25 to 35 gm, the size increasing 
with proportioti of pyrite. Success of this charge is largely dependent on mannw of 
fusion, especially in high-pyrite ores. For low to medium amounts of pyrite, a temp of 
1 000“ to 1 050“ C (yellow heat) is satisfactory. For larger percentages, a high initial 
temp is essential, say 1 050“ to 1 100“ C (light srellow) maintained for 10 min, or tintil 
charge is thoroughly liquid. Tcunp of furnace is then lowered, and fusion continued for 
15 to 20 min. Charge should not be allowed to reach original high furnace temp, or silver 
losses will increase. This fusion should be made in a high-grade crucible, like the Batter¬ 
sea soft day pot (not to be confused with the hard clay crucible). There is but little 
boiling in these fusions, and the dry charge may fill 3/4 of the crucible. From 75 to 100 gm 
litharge is used to insure complete oxidation of S to SOa, which combines with.NaiO, 
forming NatSOa. This floats on slag as a thin liquid, forming a white crust cooling. 

N^ method is essentially reducing, with no attempt at oxidation. Sulphur is 
absorbed in slag, size of lead button is regulated by adding only sufficient litharge, and 
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button is desulphurised bjr nails. It is therefore apparent that impuiities oaa not be 
oxidised, and have a tendency to concentrate with the lead. Choree is'. 

Ore. 0.5 A T Borax glass. 10 gm 

Sodium carbonate. 30 gm Nails (10 d). 4 “ 

Litharge. 25 * * or 1 R B. spike 

If ore is high in pyrite, or contains a large amount of base, borax glass should be increased 
by 5 to 10 gm. Furion should be at temp of 950° to 1 000° C (yellow), and requires 
25 to 40 min. Avoid a strongly oxidising furnace atmosphere, which produces an unsatis> 
factory fusion. In withdrawing nails, shake well while their points ore immersed in slag, 
and not simply knock against side of crucible. 

Copper ores. Presence of copper up to 5% does not interfere in charges which con¬ 
tain litharge in excess of that which is required for a lead button (Art 4). Copper does 
not interfere in the fusion of an ore, but has a strong tendency to contaminate the lead 
button. If the button contains about 8% Cu, or more, it will freoxe if cupeled at 700° 
to 750° C (“feather temperature"). If button contains 5% or less of copper, it will 
cupel at a lower temperature than pure lead. Even though copper is present in amounts 
insufficient to cause a freeze, it is detrimental, increasing the loss. While some copper 
remaiim in bead, the omotmt is less than the induced loss, giving low results (especially for 
silver). Both this loss, and the amount of copper retained, increase with proportion of 
copper in the lead button. Therefore, copper in excess of 2% of the lead is not advisable. 
Copper is eliminated from the lead button by large quantities of litharge, cither added in 
the charge or formed by scorification. Amoimts of ore and the charges indicated below 
are intended to give final lead buttons containing less than 2% copper; 2 to 3% copper 
will stain cupels gray green, shading to a lighter color at center. A blackish-green indi¬ 
cates presence of too much copper. While 175 gm of litharge is given for all charges, it 
should be reduced when copper is lower than stated. If a scorification is not feasible and 
ore is rich in copper, the ore charges must be smaller, without diminishing quantity of 
flux; thus, 

Copper 20%, use 0.5 A T 

" 45%, “0.5 “ and scorify lead buttons test lead- 

“ 60%, “ 0.25 “ run 4 charges, combine buttons 2 by 2, and scorify. 

Note.—In BcoBiFTiNO BVTTOKS, add sufficient test lead to make total lead 50 to 70 gm, 
depending upon amount of copi>er; 70 gm lead scorified to 15 gm will slag about 75% of 
the copper. Add about 2 gm SiOs to prevent cutting of the scorifier. This does not 
increase copper in the lead button, for, if not introduced, its equivalent will be taken 
from the scorifier. Temperature should be low, as there is no mineral to decompose. 
When lead buttons are not too large for cupellation, and amoimt of copper not excessive, 
time is saved by melting the buttons with a cover of 50 to 60 gm litharge for 10 to 15 min 
in a scorifier, and i>ouring. About 75% as much copper is removed by this method as by 
scorification. 

Oxidized ores include those which do not contain reducing agents in excess of that 


required to produce suitaUe lead buttons. 

Acid Ganooe 

Basic Gangcb 

Ore. 

_ 0.25 or 0.5 A T 

Ore. 

. 0.25 or 0.5 A T 

Sodium carbonate... 

.... 15 gm 

Silica. 

_ X gm 

Litharge. 

175 “ 

Sodium carbonate... 

_ 15 “ 

Borax glass. 

_ 5.0 “ 

Litharge. 

_ 175-f- “ 

Reducing agent. 

.. -i 25 gm lead 

Borax glass. 

. 5.0 “ 



Reducing agent. 

25 gm lead 


Note.*—It is a disadvantage to produce lead buttons much in excess of required aise, 
especially when scorification follows, because while copper content decreases in per¬ 
centage it increases in total amount. 

For copper ores with basic gangue, see Art 4 to determine amount of SiOj to add; 
then increase soda and litharge in proportion. The minimum of SiOa which gives a good 
fusion should be used, as it directly affects the advantages of large amounts of litharge. 

Sulphide ores, or those which have an excess reducing action. 


Ore. 0.25 or 0.5 A T 

Sodium carbonate. 15 gm 

Litharge. 175 “ 

Potassium nitrate.. X to produce 25-gm Pb buttoo 


(eee above note) 
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PBXUlflNABT CHABOB; 


Ore. 0.1 AT 

Sodium carbonate.... 7.0 gm 
litharge.50.0 “ 


Lead reduced ■■ W gm 


For 0.25 A T charge 
For 0.5 A T charge 


(W X 2.5) - 25 
4.5 

(W X 5.0) -■ 25 
4.5 


X gm KNOs 
X gm KNOt 


(See iron psoite, niter method, for principles and method of fusion.) 

SiOt or borax glass should not be added to those charges without greatly increasing 
the litharge. Fusions are made, if possible, in Battersea 20-gm soft clay crucibles, as 
they withstand the action of charges better and furnish less silica. 

Arsenic and antimony ores, being similar in behavior, are considered together. When 
present in an ore to any great extent these elements occur as stibnite (SbtSs) and mis- 
pickel (FeAsS). The quantity of arsenic or antimony in silver minerals is generally 
insufhcient to require special treatment, but should the amounts present require attention 
the same principles apply as for SbxSi and FoAsS. The tendency to high slag and volatili¬ 
sation losses, particular^ of silver, and the resistance of oxides of As and Sb to moderate 
amounts of flux, are the principal difficulties in assaying these ores. A strongly oxidizing 
charge is generally required to decompose the minerals completely. This is not always 
necessary, but the use of nails is not permissible, because a speiss, carrying values, will be 
produced when arsenic is present. For ores containing 5 to 10% As or 3b, the charge 
may be composed as dictated by the principal mineral constituents, possibly increasing 
the litharge, and varying the amount of reducing agent. Above 10%, a large proportion 
of litharge ^ould be used. 


(a) 

FeAsS to 75% 
SbiSs to 50% 
Acid gangue 

Ore. 0.5 A T 

Silica. 

Sodium carbonate 15 gm 

Lithar^. 75 “ 

Potassium nitrate X " 


m 

FeAsS to 100% 
SbjS* to 76% 
Acid gangue 
.. 0.5 A T 
.. 6 gm 

..15 " 

.. 90 " 

.. X " 


(0 


SbaSs 100% 

. 0.26 A T 
6 gm 
. 15 
. 75 
. X 


Quantity of KROt is determined Ijy preliminary fusion. For principles, and formula 
for charges (a) and (5) see pyrite charge (Art 5). For charge (e) use, 

-r . , .. j j X 2.5) — 2.5 ^ 

Weight of lead reduced W ; - — - ■■ X 

4.0 

Zinc ores containing no more than 5 to 10% Zn do not affect method of assay. The 
difficulty in assaying ores high in zinc is to slag the zinc completely after it is oxidized, 
so as to prevent loss of gold and silver by volatilization with the zinc, and by slag and cupel 
absorption. To accomplish this, the proportion of flux to ore is usually large. An 
oxidizing method is necessary where zinc is present as sulphide in gold and silver ores. 
If the zinc is in an oxidized state, a charge is used similar to those for pure ores (Art 4), 
the exact composition depending upon proportion of acid and base, but increasing the 
relative amounts of fusible fluxes. For sphalerite ores containing up to 35% ZnS, having 
excessive reducing power, use niter charge as for iron pyrite (Art 5). With zinc above that 
amount, increase soda and litharge, adding SiOg and borax glass if ore is of low acidity. 
Maxucum qUANTiTiBS, for 100% ZnS, are as follows: 

Ore. 0,5 A T Silica. 5.0 gm 

Sodium carbonate. 15 gm Borax glass. 10 * * 

Litharge. 120 ' ‘ Potassium nitrate.X (see above) 


Telluride ores. Tellurium, when present, is nearly always comlaned or alloyed with 
gold or silver. The smallest amounts therefore require attention. With only 0.1 or 
0.2%, its interference is confined to slag losses; but as it increases there is a tendency to 
concentration in the lead button, resulting in increased cupellation losses, with a possible 
spitting of the bead. In extreme cases it may cause complete absorption of gold and 
silver by the cupel. 


Ore. 

Sodium carbonate.. 

Litharge. 

^ica. 

Eiorax glass. 

Eedudng agent..« 


(o) 

0.5 AT 
0.33 " 

3.5 “ 

0 gm 
10 

25 “ lead 


(5) 

0.25 A T 
0.33 “ 

3.6 “ 

2.5 gm 
10 

25 “lead 


(«) 

.. 0.1 A T 
.. 0.33 “ 

.. 3A V 
S.O gm 
..10 

-25 “lead 
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For ores up to 300 os of «old and sih'er use charge (a), above that amoiuit use (h), 
except for specimens composed largely of teUuride, in which case (c) is preferable. .Charges 
should be fused at moderate temperature, wough it is possible to have too low a tempera¬ 
ture, giving low results, probably due to incomplete decomposition of the tellurides. 
Charge of litharge is high, to give a l<fw melting, highly oxidizing slag, which oxidizes the 
tellurium, liberating gold and silver. Ganguo of telluride ores is generally' acid, but if 
basic, the borax glass must be increased or SiOz added. S 1 O 2 , however, ^ould not be 
added in excess of requirements, as it diminishes the oxidizing eHect of litharge and will 
defeat the desired object. Si 02 is added in (b) and (c'l to as.sist in forming a clean slag. 

Lead ores are the simplest to assay for gold and silver, because the lead present acts 
as a reagent. Oxidized ores should he run as acid or basic (.\rt 4), depending upon the 
gangue. As the lead increases the required amount of flux decreases. If the ore has 
excess reducing power, the niter mcthml gives best lesults, tliough the nails method may 
be used (.\rt 5). With pro|ier equipment, the scoriiication methotl is the simplest for 
lead ores. 

Nickel and cobalt ores, carrying appreciable amounts of gold and silver, are uncommon 
except at Cobalt, Canada, and neighborhood, and in this c-a.so the gold is negligible. Ores 
of thi.s district are often very complex, containing large amounts of As, Sh, and Bi, besides 
the Ni and Co. Metallic silver in piece.s of conhiderablc size is an important feature of 
these ores. Nickel and cobalt arc readily ieduced with lead in fusions, and, depending 
upon amount, interfere with or prevent cupcllalion, by formation of infiisihlo oxides 
coating the lead. Experience with these ores indicates a choice of several different 
methods. If metallic scales are present they must lie removed .and assayed separately 
(Art 3). For ores up to 100 oz silver, crucible method seems preferable. The crucible 
and scorification methods give equally good result.s on 100 to 500-oz ores, above .'iOO oz, 
scorifleation is more reliable. For ores containing large amounts of impurities, particu¬ 
larly bismuth, it may be do.sirable to u.se a combination method (3), treating with HNOz 
either the ore before fusion, or the lead button obtained from fusion of the ore. These 
statements are general and considerable latitude should be allowed in their application. 


CKreinLi (a) Crvcible (b) Scorification 

Ore.0.5 AT .0.25 or 0..5 AT Ore. 0.1 A T 

Sodium carbonate . 0.66 “ . 0.75 " Silica. 0.1 “ 

Litharge.. .... 2.5 “ . 3.5 “ Test lead. . . 75.0 gm 

•Silica .0.3 “ .0.33 “ Borax glass_ 2.5 " 

t Borax glass , .. 0.33 “ . 0.66 “ Note.—SiOj not required in 

Reducing agent »» 20 gm'Pb .=25 gm Pb very acid ores. 

• Charge of SiOi depends on quantity in the ore. t Borax glass used as a cover. 


For the less impure ores charge (a) may be used. Very impure ores require charge (b), 
using 1/4 or I /2 A T. depending upon value and total impurities. In some cases scorifioa- 
tion of the lead buttons is necessary or desirable. 


6. SCORIFICATION (3) 

LimitationB. This method is treated briefly here, because, for field work, it is less 
convenient and has a smaller range of service than the crucible method. It is not suitable 
for highly basic ores, nor for gold and low’-grade silver ores, unless several portions of the 
sample are run and the buttons combined, to reduce the multiplication factor and the 
percentage loss, which is usually high due to the small amount of silver present. Good 
results are obtained on acid ores, but it is best applied to impure ores in which the oxidizing 
action decomposes the impurities and throws them into the slag. 

Charges are closely similar for all ores. They %'ary from 0.1 to 0.2 A T of ore, 50 to 
75 gni test lead and 1 to 3 gm borax glass, depending upon amount and character of 
impurity present. Ore is mixed with half the test lead in bottom of .scorifier and covered 
with other half, over which the borax glass is spread. Charge is placed in muffle at light 
yellow heat (1 000° to 1 100° Cl, and door closed. When charge is thoroughly melted, 
the muffle door and damper are opened to give a good draft, and temperature is slightly 
lowered, .Slag should be perfectly fluid f*i all times; it should appear red hot from the 
lead almost to its surflice contact with scorifler, and not merely where the hot litharge 
from oxidation of lead ruD.s into .slag. If sulphur is present, little grease-like patches of 
NajSOi will float on the slag, and the furnace should be hot enough to keep these molten, 
and, as the assay progresses, to cause the slag to run up side of scorifler by capillary 
action. With an excessive amount of reducing minerals present, the assay will not show 
II—14 
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rapid deoompoaition and aolution o( the ore, becauae principal flux » litharge, which 
can not form to any extent until the rlducing^iagents-ftre oxidiied. Oxidation proceeds 
until the lead ia from two-thirda to completely covered by alag; charge ia then poured. 

7. CUPELLATION 

Characterfaitiea of cupels. Separation of lead from gold and silver by cupellation 
depends upon high surface tension of the latter metals, which prevents them from 
sinking into the pores of the cupel, while the fluid PbO is readily absorbed. Any material 
with a high melting point, not attacked by litharge, and in granular form, may be used 
for making a cupel. Magnesia, Portland cement, and other substances are used to a 
limited extent, but bone ash is the most common. Several brands of manufactured 
cupels are on the market, but there is no special advantage in using them. Bone ash in 
bulk will stand all conditions of transportation, even to a thorough wetting; and, as 
cupels can be made with a hand mold at the rate of 100 per hr, the final product is cheaper. 
A cupel diould have a smooth surface, and readily absorb its own weight of litharge with¬ 
out cracking. Cracking is usually due to the cupel being too dense; excessively flne bone 
ash, too much water or pressure, favor this condition. In making 
cupels there is no better bonding substance than water, the amount 
used being so proportioned to the pressure that the cupel will be firm 
enough to handle, but will break when dropped 8 or 10 in; they 
become much harder on standing. The cavity of a cupel should 
approximate the surface of a sphere, with a radius equal to half the 
diam of cupel and a depth two-fifths of radius; the rim may bo angular 
or preferably rounded (Fig 4). This will give a capacity for lead of 
20 to 25 gm, 30 to 35 gm, and 40 to 45 gm, for a 1-in, 1.25-in, and 1.5-in cupel respec¬ 
tively. Weight of the cupel should be greater than its capacity for lead. 

Operation. Ordinary bone ash, air-dried cupels should bo placed in the muflle close 
together in transverse row.s, sufficiently far back for uniform temperature. Broken rows 
should always be in the rear, and an empty row, or a fire-clay bar should protect the front 
row from drafts. After heating 5 to 10 min with furnace at 8.50° to 900° C (light cherry), 
insert the buttons. As soon as buttons “uncover,” open muffle draft and lower temp to 
700° C (below full cherry red), as the burning lead produces considerable heat. When 
near the end, raise temp to about 800° C. This finishing temp is extremely important; 
if excessive, large losses will occur and small beads may entirely disappear. A carefully 
made cupellation will always show a ring of litharge crystals surrounding the bead at a 
distance of ^/g to I /4 in. In case of gold ores, silver should be added before cupellation 
(Art 8 ), saving subsequent inquarting and practically eliminating gold losses. 

Sprouting is caused by vigorous expulsion of oxygen on rapid solidification of precious- 
metal button. It is often difficult to prevent, but is minimized by a high finishing tem¬ 
perature and alow cooling. Sprouting does no harm unless particles of the bead are com¬ 
pletely ejected or are broken off in cleaning. 

Freezing is caused by too low a temp, or presence of impurities. In a low-temp freeze, 
if remaining lead is less than 5 gm, add test lead to make at least this amount and raise 
temperature. A piece of wood inserted in muffle will assist “ reopening." When cupel¬ 
lation has started, lower the temperature rapidly; best done by placing in the muffle a 
piece of fire brick or its equivalent. If properly reopened, the results, though questionable, 
may be satisfactory. Freezes due to impurities may sometimes be recovered by adding 
considerable test lead and raising temp. Results are unreliable. 

Beads are cleaned by squeezing in stout pliers until the base is distorted, and then 
bruriiing. Beads need not be weighed closer than 0.02 mg of the exact weight, except 
when the multiplication factor is large. 

8. PARTING AND INQUARTING 

Partly of the gold and silver is done preferably in Royal Meissen capsules (Fig 5), 
45 mm dim, using first 1 to 12 HNOi and heating just below boiling until action ceases, 
deegating with cup turned well over; then treating with 1 to 1 HNOi, heating just below 
bomtf for 10 min, decanting and washing once or twice with distilled or treated water 
(Art) 2). Always decant closely. Diy the residue and ignite in muffle or over flame. 
TUce utmost care to prevent gold from breaking up; hence, at first .use weak acid and 
VRnd boiling. Flattening the bead to l/s its original diameter ia helpful, by increaaing 
aittfaoa of attack. Parting cup should be free from stains, and the gold diould have 
yiBow color after ignitiw. 




CHECK ASSAYS AND SALTING 
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If a bead containa less tban 4 ofAg to 1 of Au, wnnplete separation may not be affected 
by parting as described. But, asiRtle as 9 of Ag to 1 of Au may be completely separated 
by boiling in 1 to 1 HNO*, if bead is less than i/64 i& thick. Beads containing more than 
25% Au may be treated directly with strong acid gnd boiled without breaking up. It is 
impossible always to tell by appearance whether a bead will part; 60% Au produces 
very slight color, and, when a bead is near the parting ratio l^it, the acid action and 
color change are practically the same whether the bead parts or not. Ptire gold color of 
the treated bead is no criterion of complete parting. .\ properly treated bead must have 
parted if it has lost at least 80% of its wt, without boiling, or at 


least 66%, with boiling; this is best indication of complete* parting. 

Inquartation, or the addition of silver to a bead, is iicrformed by 
wrapping the liead with silver, in ratio of 1 gold to 4 to 10 silver, in 2 
to 5 gm of lead foil, and cupeling. 

Temperature must be quickly dropped after starting, else the 
buttons, being small, will finish at the high initial temp. Silver foil 
may be added directly to the ore charge, or if silver is to he deter¬ 



mined, a measured amount of standard AgNO} solution may he used, 5 c c being per¬ 


missible. Since all the silver is not recovered, the value of this solution must be deter¬ 


mined by assay of a blank charge. 

Weighing gold. Since 0.01 mg Au from 0.5 AT = 40f‘ per ton, Au weights must be 
checked; best by weighing singly and together. 


Gold in pannings may ho separated from other minerals by blowing, if the sample is 
perfectly dry. This method is not recommended, and is permissible only in absence of 
very fine gold. It is better to add a globule of mercury to the gold, either in pan or small 
mortar, and rub them together. If the gold fails to anialganiate, add 50-200 mg of 


sodium amalgam. (Sooii'm amaloam is prepared by adding metallic sodium in pieces, 
t/ 4 -in cube or less, to mercury, pressing the pieces beneath surface of mercury and against 
Imttom of container with pestle or rounded stick. If large, pieces of sodium are added, 
objectionable explosions will occur. (Continue adding sodium until the amalgam becomes 
pasty. Keep the. amalgam under gasolene nr light oil.) There is no objection to adding 
enough sodium amalgam to the original mercury to cause a slight adherence to iron. The 
gold amalgam is placed in a parting cup, treated with dilute (1 to 1) IfNOj, washed, dried, 
and weighed (see Parting). Residue is not pure gold; its hneness is determined by taking 
500 mg and imiuarting, as atiove, with silver approximately equal to 2.5 times the actual 
gold content. Hammer or roll the bead to leas than ^ /32 in, and part in a Sask with dilute 
(1 to 1) HNOi, giving two separate treatments, boiling each for 10 min. Wash, anneal, 
etc. If gold is of varying composition, the total product from pannings must be melted 
together and sampled. The fineness obtained represents the acid-treated product and 
not the fineness of original gold. A fineness determin&tion made on original gold ^ould 
not be used in calculations based on the weights obtained from acid-treated amalgam. 


9. CHECK ASSAYS AND SALTING 

Concordant results on duplicate assays are not conclusive evidence of accuracy, 
especially when samples are run under the same conditions. Greater weight can be given 
to checks when varying weights of ore are taken and run at different times. Checks 
obtained by diffbhbnt methods are the best indication of accurate results. When it is 
undesirable to run duplicates on many samples, the work as a whole may be checked by 
weighing out extra and equal portions from each ore when the original charge is made up, 
and carefully mixing and assaying these extra portions. If this work has been carefully 
done, the composite sample should give results that check to the second decimal the 
average obtained from the individual samples. (Bee also Sec 29, Art 8-11.) 

Salted assays. To determine whether an assay sample is salted is often difficult. 
The crude plan of introducing metal filings may easily be detected with a pan and miero- 
Boope. When fine native metal is employed the problem is more difficult and condmons 
less certain. If ore is coar.se, the finer material should be screened out and’ assayed 
separately from the coarse. Tlie fines will undoubtedly run higher, but if the discrepancy 
is great there may be reason for suspicion. Where the material used in salting has a 
different origin than that in the ore, a test of its fineness may bring out Hiis point. Pul¬ 
verised samples, salted with rich concentrates derived from the same ore, will pass as 
genuine and can not be detected. If the sample is not ground, the fines should be soreaied 
out and the coarse product crushed to produce another portion of fines about equal to the 
first, which is then separated from the remaining coarse portion. In a normal sample, 
assay results of the two fine portions should not, as a rule, vary greatly. When salting is 
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done with Bolutione, some of the rockjomponents will frequently decompose the original 
salting, rendering the metal insoluble' and fri^trating efforts at detection by solution of 
the metallic compound. The ore may be tested for the acid radical originally associated 
with the metal. Gold and silver are t^e only metals likely to be introduced by this method, 
with a chloride radical for the former, and a nitrate for the latter. Rocks are apt to con¬ 
tain chlorides, and the nitrate may be de(iomix>sed. But, a sample which assays high in 
gold or silver and, even under the microscope, shows no free gold, nor silver minerals, nor 
minerals which usually contain or arc associated with these metals, may be strongly 
suspected of having received their values fiutii unnatural solutions. Bee Sec 25, Art 9. 

Accidental salting is more frequent; in fact, it occurs to an extent unappreciated by 
the average engineer. This is particulaiJy true where miscellaneous samples are being 
treated. The most common source of uontainiiiation is in the grinding apparatus, and 
is at its maximum when small samplcH arc being siicees.sively ground, some of which con¬ 
tain metallics. It is almost im]>ussiblc thoroughly to clean grinding appliances without 
grinding tlierein a prohibitive amount of barren material. Pores in the grinding surfaces 
become filled with ore; particularly wlien metal is present, which is gradually fed out 
as the iron surfaces are ahrarh.>d. Separate apparatus should be used for low- and high- 
grade samples. Where tliis is not practicable, barton material is ground after high-grade 
samples, and in ease of gold and silver this material is assayed if the samples which follow 
are important. Another source of salting is in u.smg old crucibles. This practice is 
unobjectionable if high- and low-grade pots arc ke]>t separate. All reagents, Ixmc ash, 
and cupels should he protected from dust, cspcrially when rich materials arc being handled. 
Blank assays should be made occasionally on these produets to test their purity. 


10. PLATINUM METALS (11) 

QualitatiTe testa, To differentiate and determine the metals of this group require 
considerable equipment and a skilled analyst. Many published methods will not give 
accurate results, and others only under certain conditions. Platinum, iridium, and 
palladium are the three most important. I'hc first two come mainly from plainer deposits, 
the last occurring more frequently, though iii small cjuantities, with gold and silver in rock 
formations. As compared with gold and silver, their importartt assaying properties are 
as follows: Melting point: silver, 9G1°; gold, 1003®; palladium, 15.30“; platinum. 
1 755®; iridium. 2 300° C. If cupcllations arc finished close to the minimum permissible 
temperature for gold and silver, 5% of palladiiun and less of platinum and iridium, will 
produce a frosted bead. I'rosting may also lie produced on an ordinary bt'ad by sudden 
chilling just before tlic finish, but solid litharge is then generally present on the cupel 
surface. Larger cpiantities of the platinum metals produce a rough bead, of leady appear¬ 
ance. HNOa dissolves silver and palladium, giving, with the latter, a yellow to reddish 
brown solution, depending on concentraliou; 10 c c of dilute HNOj solution, containing 
0.15 mg of palladium, in a parting cup, has sufficient color to be detected when matched 
against distilled water. When alloyed with silver, platinum is akso soluble in HNOa, 
though not completely. The solution is only slightly colored, but may appear dark, due 
to colloidal platinum. Gold and iridium are not attacked. Hot concentrated HjSOa dis¬ 
solves silver and slowly attacks paladium; the other metals are unaffected. Aqua regia 
converts silver to chloride and dissolves palladium, gold, and platinum, but not iridium, 
except with vigorous treatment or when alloyed with platinum. All these elements, 
except silver, give colored solutions, which range from yellow through orange to dark 
red, depending on the combination and concentration of the metals. Oxalic acid pre- 
dpitatm gold from slightly acid solutions, but not the others. Potassium or ammomum 
chloride in concentrated solutions will precipitate platinum and iridium, but not gold or 
palladium in its usual condition. Potosshun iodide, even in dilute solutions, with gold, 
gives free iodine; with platinum, brownish i-ed color of potassium platinic iodide; with 
palladium, a black precipitate soluble in excess. This last reaction is extremely delicate. 
Dimethylglyoxime precipitates palladium completely, platinum less readily. Silver pre¬ 
cipitated as chloride in presence of palladium and platinum is contaminated by these 
metals. Platinum metals concentrate in lead buttons with gold and silver in the usual 
method of assay, but unless present in sufiTicient amounts to affect cupellation or parting 
are apt to be overlooked. If parting acid is evaporated to small bulk a few hundredths 
of a mg of palladium will produce a color. When platinum is present the parted residue 
is to -be finely divided. Iridium may show as dark spots on the gold. 

of astay. For ores and black sands, large samples, 10 to 20 A T, are fre- 
necessary to yield sufficient metal. Samples are fused in several portions (Art 4 
and lead buttons are combined by scorificatioa. Platinum concentrates are fused 
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with lead, producing a 1 to 6 , brittle, non-homogeneous alloy, which ia pulverised for 
aampling and assay. An approximate knowledge of the metal content is necessary for 
good results, and the first assay may serve only as preimtinary. Alloy for cupellation 
should contain at least 7 times as much gold as platinum metals, and silver 2>5 times the 
gold, these being added if nece.>jsary. Wrap alloy in sheet lead, cupel, finish rather hot. 
and allow to remain in muffle 10 min after bead has sot. Weigh, flatten to 0.5 mm, and if 
palladium is absent, part, with boiling concentrated 112804 for 15 mm in a flask, inserting 
a glass rod. (A glass tube 3 mm diam, sealed with a blowpipe flame 2 mm from the end, 
leaving a small cavity, prevents violent humping.) (Note.—A yellow or orange stilutiou 
indicates palladium, in which case this procedure is not applicable.) Decant and repeat. 
Wash twice, transfer to annealing cup, heat, and weigh. If silver ratio has been very high 
the parted residue will lie so finely divided that some may decant with solution; hence, 
solution must be diluted, filtered on ashlcss pa^ior, and ignited with main residue. Ixiss in 
weight is silver. Inquart with silver 2.0 times the weight of gold, flatten bead and part in 
dilute (1 to 1) UNO}, giving two treatments, boiling for 15 min in parting flask, washing 
twice. Repeat inquartation and parting. Anneal and weigh golj, plus iridium, if |iresent. 
Loss in weight is platinum. When only small quantity of platinum is present, one 
inquartation and parting with HNOj suflices. To test for iridium dissolve the gold in 
cold dilute aqua rcgia (HN'Oj 1, llC'l 3, water 5, parts); residue is iridium. Results 
obtained as above are fairly acenrate, and if a check of pure inotaiH. duplicating the assay, 
is run at same time, errors are largely eliirimated. When palladium is present, the H 18 O 4 
parting is omitted, luid the bead tieated witli UNO* as described. In absence of platinum 
the HNO 3 is nearly neutralized, and palladium is precipitated with dimcthylglyoxime, 
heating for an hour and allowing to stand over night. Filter, ignite, and weigh paUadium. 
When platimiiii is present, repeat inquartation and parting if nect'ssary, dilute the solu¬ 
tion considerably, precipitate silver w’lth IICl, filter, evaporate solution nearly to dryness, 
add HCl, evaporate again, and repeat. Add a saturated solution of ammonium chloride 
and allow to stand over night. Filter on ashless paper, wash with alcohol, ignite, 
weigh Ft. Palladium may be precipitated as described above. Unless errors have 
compensated, results will be only approximate. 


11. COPPER AND LEAD 

The following methods for copper presuppose that tlie metal is soluble in acids. Ores 
which are not decomposed as described retjuire ust* of hydrofluoric acid (H F) or a fusion. 

Slop cyanide method ’’ is not suitable for all ores, but where interfering elements 
such as Ag, Zn, Ni, Co, and certain other elements to a lessc>r extent, are absent or present 
in small amounts, the results are remarkably .satisfactory. It is most useful when a largo 
number of determinations are to be made on fairly uniform ore, and a high degree of 
accuracy is not required. Success with this method depends upon a strict uniformity of 
conditions, as to quantity of chemicals used, volume and temperature of solution, and 
rate of adding cyanide. Cyanide solution, containing 22 gm c p KC.\ per liter, or half 
that amount for low-grade ores, is standardized against an aver .sample of the ore to be 
assayed, a check on the solution being run every few days with the ore samples. Copper 
content of standard sample is accurately determined by electrolytic or iodide methoil. 

Treat 0.5 to 1 gm of ore with 10 c c HNO 3 , of 1 42 sp gr, in a fl-oz copper flask, or 20 c c 
of dilute (1 to 1) IlNOj containing iO gm KCIO* per liter. Hoil until all the lower oxides of 
nitrogen are expelled, add 25 c c of water and enough ammonia to give an excess of 6 to 
10 c c, usually 20 c c. Cool, titrate to a faint blue, filter, drain (washing unnecessary), 
and finish titration of filtrate. The end point is not particularly sharp, and a definite 
end tint must be selected. For large amounts of work, a dozen burettes will be found 
convenient, titrating this number of assays at one time, as it is necessary to allow the 
ferric hydrate to settle when the end point is approached, in order to observe color of solu¬ 
tion. Dispensing burettes for reagents are a convenience. 

Iodide method, for accuracy, is not surpassed even by the electrolytic method as 
usually carried out, and, as it requires less expensive and elalwrate equipment, is given 
the preference here. A solution of sodium thiosulphate containing 19 gm per liter, or 
one-half that strength for low-grade ores, is necessary. Standardizb by dissolving 
200 mg of copper, or 100 rrg for the weak solution, with 5 c c of (1 to 1) HNO», in a 6 -oz 
flask. Boil until lower oxides of nitrogen are expelled, add 5 c c of bromine water and 
continue boiling until the bromine is eliminated. Add ammonia until the solution just 
turns deep blue and boil vigorously for a few minutes, or until the ammonia is nearly 
expelled. Acetic acid is then added, 2 or 3 c c in excess, and if any precipitate fails to 
dis^ve, the solution is boiled. Cool, dilute to 50 c c, add 3 gm potassium iodide and 
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titrate wiUi hypo until the brown color fades to a light straw. Add starch solution until 
the solution becomes a decided blue, and finish titration slowly towards the end. (Stahch 
BOnUTtOM is made by dissolving 2 or 3 gm soluble starch in 100 c c of boiling water and 
aUowing to cool. Lacking soluble starch, pour an emulsion of ordinary starch into boiling 
water, boil for a few minutes, and allow to cool. Starch solutions do not keep well, but 
Low statM that a few drops of oil of cassia will preserve them perfectly.) 

Decompose 0.5 to 1 gm of ore with 10 to 15 c c of strong nitnc acid and 3 to 5 c c of 
hydrochloric acid in a 6-oz wide-mouthed Erlenmeyer fiask, lx>iling until red fumes disap¬ 
pear. Add 6 to 10 c c of concentrated H tSOi and continue heating until SOt fumes appear, 
then give the flask a circular motion over a free flame until SOa vapors are visible only at 
the mouth of flask. Allow to cool, add 20 c c of water, boil, filter, and wash. The copper 
may be precipitated from this solution, after diluting to 50 or 75 c c, by boiling with 2 
pieces of aluminum foil, 1.5 in square (bend corners 90°, having adjacent comers bent in 
opposite directions). After complete precipitation, the copper is filtered out, care being 
taken-to prevent oxidation and ro-solution. Dissolve copper in beaker, treating aluminum 
foil with dilute (1 to 1) HNOa, and titrate as in standardizing. 

If a uuFFLB FUBNACB is available, the following method is preferred. The filtered sul¬ 
phate solution is diluted to 50 c c, bruuglit to boil, and a hot 50% solution of thiosulphate 
is poured in slowly until the precipitate which tonus turns black; boil 3 to 5 min, until the 
supernatant liquid is clear, filter, and wash with hot water. Allow to drain, fold filter, 
and place in scorifier or clay annealing cup and ignite in muffle at barely red heat until 
ccanpletely oxidised. Transfer to flask, dissolve in (1 to 1) HNOj, and proceed as in 
standardising. The thiocyanate or permanganate (4) method for copper has become 
deservedly popular and is extensively used on the so-called porphyry ores. 

Lead; fire assay. Weigh 10 gm of ore and mix with 25 to 30 gm of the following flux 
in 10 or 15-gm cmcible: NaiCOt, 38 parts; KtCOa, 38; borax glass, 15; flour, 9 parts. 
Insert 4 10-d nails, points down, place in furnace at 750° C (cherry red), and hold fur 
l/t hour, or until reaction nearly subsides. Then raise temp to 1 050° C (yellow to light 
yellow), leaving pots in furnace until reaction, which has become more vigorous, ceases, 
except possibly for slight bubbling around nails. This usually requires about 15 min. 
The degree and control of heat, varying somewhat for different ores, are of utmost 
importance. Therefore the temperatures and times given above are more indicative than 
exact. Results by this method are in the average 1 to 2% low, but in the presence of 
other reducible metals they miQr be very high. 


12. TIN 

Vanning teat is unreliable as an assay, on account of the loss of fine tin and the retention 
of foreign minerals. Shipments supposedly of black tin, from Nigeria, as determined by 
this method, were found to contain 4% and less of that metal. The test may be of use in 
ascertaining possible recovery, but this requires a knowledge of the percentage of tin in 
concentrate produced. St’ecific gkavity of a tin concentrate is a fair index of the metal 
content, and when the relation is ascertained for a given product a close approximation 
may be obtained (3). 

Fire assay (6) is applicaUe only to a high-grade product free from other reducible 
metals. For ores, this involves a preliminary concentration, with its attendant loss which 
may reach 30% of the tin. Results on a properly sleaned concentrate arc, however, 
fairly accurate. To assay an ore, crusli to 40 or 60 mesh, to liberate the tin minerals, 
taking care to produce a minimum of slime. Weigh a portion to yield about 10 gm of 
concentrate, and pan. If the concentrate contains oxidizable material, it is roasted and 
soluble constituents removed by boiling in strong nitric acid. After drying, mix the 
concentrate, or a 10-gm portion of it, with 30 gm of pure potassium or sodium cyanide, 
and place in a crucible having 5 gm of cyanide in the bottom; cover with another 5 gm. 
Charge is fused for 20 to 30 min at a good red heat (750° (/), cooled, and crucible broken. 
Prills of uncoUooted tin are recovered by crushing slag and panning. 

Volumetric assay. Beat wet methods are those of Beringer (7) and Pearce-Low (8). 

Psarco-Low mothod. Ore must be crushed to at least lUU mesh, and portions of 0.2 to 
2.5 gm are weighed. Add to 5 times its weight of sodium peroxide, and fuse in a nickel 
'Crucible. Should the ore contain readily oxidized material, melted peroxide is allowed to 
solidify and the ore gradually added to the hot mass. The crucible is then given a circular 
motion over a burner till a clear melt results. Hold the outer surface of crucible in 
oontaOt with 50 e c of water in a beaker, till cool; then immerse, and when melt has die 
solvud remove crucible, and wash. Transfer beaker contents to a 6(K)-c c flask. Add 
135 V e Hd, using a portion of this to clean the crucible further, and enouf^ water to 
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make a total volume of 400 o c. Strips of nickel having a surface of at least 10 sq in are 
added, the flask closed with a stopper fitted with a small funnel or Bunsen valve, and 
heated to boiling until tin is completely reduced; 25 min is suflicient for 40 mg and 1.5 hr 
for 400 mg of tin. Add a crystal of ralcite (4 or 5 gm), cool in water. Remove stopper 
and nickel strips after calcite is completely dissolved, and titrate with iodine solution 
containing 11 gm iodine and 20 gm potassium iodide per liter for a rich product, or one- 
half that strength for {.loor material. 

To standardize iodine solution, weigh 0.2 gm pure arsenious acid (AsiOi), and dissolve 
in 5 c c of a 20% NaOH solution, dilute, acidify with HCl, neutralise with sodium carbon¬ 
ate, using litmus paper as an indicator; then add 20 c c cold saturated NaHCOj solution 
and titrate to a blue color, using starch as indicator. The arsenic standard multiplied by 
0.1202 gives value in tin. Iodine solution should be standardized at least once a week. 

Interfering elements are bismuth, titanium, and tungsten. BtsMUTH is precipitated 
as metal during reduction and should be filtered out, the reduction being completed with 
clean nickel. To eliminate effects of titaniitm, add the weighed ore, small portions at a 
time, to 5 gm of KHSO4 melted in a platinum or 
quartz crucible, and fuse for 5 min. Dissolve in 60 c o 
water plus 7 c c H 2 SO 4 . Filter, dry, ignite, and fuse 
residue with sodium peroxide as described. Ti^nubten, 
if present, gives a blue precipitate during the reduction 
with nickel. This is filter^ off, and solution again 
reduced before titration. When tungsten and titanium 
occur together, acid sulphate fusion is made as de¬ 
scribed above, and washed residue treated with 
ammonium carbonate solution, filtered, and washed. 

This residue is ignited, fused with sodium peroxide, 
and so on. 

13. MERCURY 

Whitten’s apparatus affords results less accurate 
than those obtained by wet methods, but is better 
adapted for the technical assayer. Fig 6 shows ap¬ 
paratus as made by Braun Corp, Los Angeles. Take 
an amount of ore containing not over 50 mg of Hg 
(0.15 to 2 gm), mix with 6 gm of iron filings sized 
between 50 and 80 mesh, freed from grease and dried 
at a high temp; add 3 gm more as a cover. Clamp 
in place silver foil and cooling dish filled with water. 

Heat retort with a low flame for 15 min and allow to cool. Remove silver foil, and 
weigh it; gain in wt is Hg. The deposit should be white, and, after weighing, may be 
removed by volatilizing, when the foil ip again ready for use. 




14. ANTIMONY 

Fire method, fusing 10 gm ore mixed with 40 gm KCN and KCN cover, may give 
approx results by compensation of errors, but is unreliable. 

Permanganate method (4). Decomposition. Treat 0.5 gm ore with 10 to 15 c c 
HCl, followed by small additions (0.2 gm) of KClOi, heating until all soluble matter is 
decomposed. Better results are sometimes obtained by following method: Treat ore 
with 15 c c HNOt, e^'aporate to 4 c c, add 20 c c HCl, and evaporate again to 5 c c. If ore 
contains oxides, insoluble antimony (Sb) is likely to remain in residue. In this case, 
fuse residue or ore with 15 times its weight of NajOi in a 2-in iron or nickel crucible, 
preferably nickel, to complete decomposition (5 to 10 min). Give crucible a rapid cir¬ 
cular motion while cooling, thereby causing melt to solidify in thin layer on bottom and 
sides. Place crucible in beaker of water and heat until melt is dissolved. Remove 
crucible, wash well, using dil HCl, if necessary, and acidify with HCl. If fusion is made 
on insoluble residue, add resulting solution to that from original heid treatment of ore. 

Sbpabatton. Add 3 gm tartaric, dilute to 50 c c, if necessary, filter dilute filtrate to 
400 c c, pass H 2 S until sulphides are completely precipitated. Filter and wash with HiS 
water. Test filtrate by passing more HjS. Unless precipitate is nearly pure antimony 
sulphide, warii from filter into beaker without removing paper from funnel and treat 
twice with hot alkaline sulphide solution, approx 10%, prepared by dissolving the salt 
in water or passing HtS though a NaOH or KOH solution. Filter through original 
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"imper, «nd wash with dilute alkaline sulphide solution. This treatment dissolves As, 
Sb, and Sn from other sulphides. Addify filtrate with HCl; filter and wash with HiS 
water. If As is absent, treat antimony sulphide as described later. When As is present, 
wash precipitate from paper into beaker, usinc a little dilute caustic solution and a mini> 
mum of wa^ water. Dissolve sulphides in HCl and a little KCiOi; boil out chlorine 
and transfer to pressure bottle. (Clamp-top beer botties are satisfactory.) Add twice 
the volume of cone HCl (sp gr 1.2), saturate cold with HsB, cork bottle, place in cold 
water, bring water to boiling, and allow to stand at least 1 hr. Lacking pressure bottles, 
ordinary flasks may be used; after saturating liquid with HiS, close with stoppers and 
allow to stand cold over night. Filter out arsenic sulphide on double papers (S and S 
607). Wash with HCl diluted 2 to 1, and saturated with HjS. Dilute tlie filtrate 6 to 8 
volumes, and complete precipitation of Sb with H 2 S. Filter and wash precipitate with 
HtS water. Test filtrate by passing more H2i5. Transfer antimony sulphide to 350-c 0 
flask, removing traces of precipitate from paper with a little dilute caustic solution. Add 
6 c 0 of cone H 2 SO 4 and 3 gm KHSO 4 . Heat over free flame, giving flask a circular motion 
until water is expelled and precipitate completely dissolved. Cool. Add 25 c c HCl 
and slowly add 125 c c H 3 O, and cool. 

Titbate with KMnOi solution. The end-point color is not permanent. For ores 
containing less than 30% Sb, use a solution of approx 2.6 gm KMn 04 per liter; for ores 
over 30%, use double that strength. To btandaboizb solution, weigh 0.2 gm sodium 
oxalate for the weak solution, or 0.4 gm for the strong; dissolve in 150 c c water, and 
10 c c stiong H]S 04 . Heat to 70° to 80° C, and titrate. Start titration slowly, as the 
first additions are not decolorized readily and manganese oxide may separate out. Once 
the reaction has started the permanganate solution may be added as rapidly as desired. 
Sodium oxalate value multiplied by 0.8963 gives Sb standard. It is more satisfactory 
to standardize with pure Sb when this can be obtained. Dissolve the metallic Sb in 
H 1 SO 4 and KHSO 4 , as described for antimony sulphide, and titrate. 

lo^da method (10). Final titration is more commonly, and possibly more accurately, 
done with KI and hypo. Dissolve the antimony sulphide in strong HCl, with small 
additions of KC10|. Hoil off 25 to 50% of solution to remove Cl, and bring acid to a 
constant boiling strength. Now add enough (1 to 1) HCl to make a total volume of 
00 c c and dilute to 600 c c with cold water from which air has been boiled. (The fore¬ 
going steps are important.) Add 3 gm KI. Allow to stand a few min, and titrate with 
hypo solution, adding starch indicator near finish (see Art 11). Reaction between KI 
and Sb proceeds slowly to completion, and if hypo is added rapidly toward the end the 
color may be completely discharged only to reappear. Hypo should be added at such rate 
that the blue color gradually fades to colorless, which condition should hold for several min. 
Hypo solution is preferably standardized against pure Sb, following the procedure described 
for antimony sulphide. The solution may be standardized with Cu (Art 11), multiplying 
results by 0.9549, not by the theoretical factor 0.9454, to obtain Sb standard. 

16. COAL *(12) 

Proximate analysis of coal (9) requires certain standard conditions, as the method is 
arbitrary and results vary with procedure. Crush sample to 0.25-in size, and if moisture 
content is likely to change, place a sample in stoppered bottle for a separate moisture 
determination. The remainder should be air-dried, heating moist sample, if dreired, to 
70° C, and allowing to cool in the air. Grind a portion to 80 or 100 mesh and place in 
stoppered bottle. 

Moisture. Place 1 gm in crucible and heat to 104° to 107° C for 1 hr. Cool in 
desiccator, and weigh covered. 

Volatile and eombustiUe matter. Heat 1 gm for 7 min in a 20 to 30-gm covered 
platinum crucible, supported by a triangle 6 to 8 cm above top of a Bunsen burner having 
a flame 25 cm high. 

This test may be made in a muffle at moderate red hra,t (950° C), using clay or porcelain 
annealing cup, thouid^ results will not be identical. Moisture must be deducted from loss 
in weight thus ascertained. Fixed carbon 100 — (moisture -h ash + volatile mattm-). 

Ash. Burn of! the carbon completely from sample used for moisture determination, 
using a low heat at the beginning. This operation may boeonduoted in a platinum cruciUe 
over a Btumen burner, or in a clay or porcelain cup in a muffle. 

|ur-drying, the sample loses an appreciable amount of water, a determinartion 
ahoiM^ito.iiiade on the original moisture sample, and results corrected. Where this is 
and percentage of moisture is not over 10 %, correction may be simplified, 
**^> 0 ** in accordance with the standard method, by weighing out 1 gm minus the 
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percentage lose of weight in air<drying. Results may then be pointed off in % directly.' 
ExAMPtE: Loss of wt in air-drying, 2.S%, Wt of sample for determination, 0.975 gm. 
Ash.—Wt of ash, 0.0975-gm: percentage of ash, 9.75%. Moisture.—Loss in wt, 0.0275 
gm; moisture in air-dried sample, 2.75%. 

16. LABORATORY EQUIPMENT FOR GOLD AND SILVER* ASSAYS 

Following list ttcludes equipment and reagents for 500 crucible assays. Quantity of 
fluxes will vary with character of ore assayed and charge used; they are estimated mainly 
for acid ctes on 0.6 A T samples, with excess PbO charge. 


1 gasolene furnace, with 2 -in burner, capae 
six 20-Rm crucibles and 21 1.25-in cupfuls 
1 tank outfit 

4 tongs: for crucible, scoriHer, parting cups 
and cupels 
1 muillc scraper 

3 G-liole assay molds 
1 anvil 

1 hammer, 2-lb, for Pb buttons 

1 cupel tray 

2 bead trays, 2 l-hole 
1 button pliers 

1 button brush 

1 kerosene or gasolene stove for parting 

4 asbestos stove mats 

1 sheet of asbestos, ^/jj-in, 40 by 40 in 
50 porcelain parting cups, 1 . 5-111 

2 hand cupel molds, 1 2.5 and 1..5-in or Iler’s 

cupel muchiiic, dies 1 25 and l..«-in 
200 Battersea or other soft-clay 20-gni crucibles 
50 scoriHers, 2 .Vin and 10 3-iii, Bartlett shape 

3 Battersea annealing cups, A 

3 Krlennieycr parting flasks, 50-c o 
1 blowpipe 
1 alcohol lamp 
6 5-in roosting dishes 
1 still and condenser 

1 demijohn for distilled water 

3 ft b/g-in glilsB tubing, I.5-mm wall 

2 ft VlS'in glass tubing, 1.25-mm wall 

3 ft 3^-in I ubbor tubing 

2 pinch cocks 

3 32-oz wash bottles 

2 6 -in and 2 2 -in watch glosses 
24 test tubes, 0 by S/ 4 -in 
1 t«it-tubc brush, 9 by 3 / 4 -in 
1 500-c c graduated cylinder 
1 neat beakers, 100 to COO-c 0 


2 funnels, 1 5 and 6 -in 

2 5-pint acid bottles, empty 
1 pkg filter paper, 8 in 

1 us c p Ag foil 
40 lb soda ash 

50 lb litharge, silver-free 
10 lb borax glass 

3 lb niter 

2 lb silica 

3 lb test lead; 1 lb lead foil, silver-free 
40 lb bone ash 

14 lb mtiic acid c p 
1 ll> hydrochloric acid c p 
1 lb sulphuric acid c p 
1 lb ainiiiuma 
l/i lb charcoal, powdered 
6 charcoal sticks fur blowpipe 
1/2 lb reddle, for marking 
1 small ore crusher 
1 buokboard and muUer 
1 Junes sampler, 8 -in, or 9-in riffle sampler 
1 nest S-in tin sieves, 20-40-(i0-100-mesh ’ 

1 sieve, lO-mcsh, 12-ii), wood frame 

2 brushes, 4-iri for bucklxiard 
2 doz tin sample pans, O-iii 

.500 paper sample bags, 4 by 7-in 

1 scoop, 4.5 by .5-in, flat 

2 7-in steel spatulas 

1 horn or aluminum spoon 
1 camel's hair brush, flat, 1.5-in, end pencil 
brush 

1 yd rubber mixing cloth 

1 piece of surfaced mixing cloth, 50 by SO-in 

1 spring balance for weighing stock flux 

1 button balance 

1 pulp balance 

1 eet assay and gram weights 

1 set button weights and riders, 1 tag to 1 gm 
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TESTING OF ORES 


Testing involves the determination of: (a) best method for treating a given ore; 
(6) practicability and best method of operating a given process. In general, testing for 
a process requires the application of several processes to the same ore, while testing of 
processes involves subjection of different ores to the same process. The work requires 
painstaking attention to detail, close and accurate observation and record of performance, 
and incessant inquiry into causes. Correct interpretation of results requires wide eaperi- 
cnce in testing and mill operation, and a healthy balance between pessimism and opti¬ 
mism. Though the best laboratory results can often be bettered in mill operation, 
it may bo impracticable in the mill to expend the care lavished on laboratory tests; mill 
operation is seldom economically subject to as close control of quantities treated, and 
purity and uniformity of substances used, as is the laboratory. This is especially true 
of hydro-metallurgical processi's and flotation. 

Time is usually an element in testing work. On the one hand is the demand for quick 
results; on the other, neceasitv for thorough investigation before announcing conclusions. 
Clear recognition of this .situation should be a Mifficicnt guide. 

Principal tools for testing are: assay, testing sieve and microscope. Others ue: 
the specific-gravity flask, heavy solutions, and small-scale replicas of or substitutes for 
mill machines, including hammer and anvil for estimating crushing resistance; hand jig, 
pan, batea and plaque for gravity concentration, and hand magnet. 

1. OUTLINE OF PROCEDURE 

Steps: (a) Obtain a proper sample; (b) Determine qualitative raineralogical composi¬ 
tion; (c) Determine content of valuable mineral (assay); (d) Determine distribution of 
valuable mineral (sizing-assay test); (e) Determine aggregation of valuable mineral 
(microscopic examination nnd sizing-sorting-assay test); (/) Study existing flow-sheets 
for treatment of similar ores; {g) Devise a tentative flow-sheet for laboratory procedure; 
(A) By following (g), procure material representing the feed to each machine, and treat 
these materials in batches on the indicated machines, to determine best possible conditions 
of treatment and corresponding results; (i) Construct a metallurgical balance sheet of 
results of the batch testing (Art 8, Table 2); 0) Make a continuous run to confirm the 
results of (i). 

Continuous run. A testing laboratory rarely has sufficient equipment, properly 
balanced as to size, to make a continuous run on a scale that will give reliable indications 
of mill performance, except to an experienced interpreter, and the greater his experience 
the greater hia doubt as to his interpretation. Hence, if the size of the mill installation 
justifies the cost, the continuous run should be made in a pilot mill, built at the mine, 
fed with freshly-mined ore as nearly as possible representative of what the final ifiill 
will get, and run long enough to answer definitely, with minimum interpretation, what 
will be the performance of each machine and of the whole mill. Cost of a pilot mill is 
usually a small fraction of that of the main plant, is fully justified as insurance and is > 
quickly saved, if the main mill is thereby put more quickly into regular operation. 

When the contemplated mill is too small to justify coat of a pilot mill, the continuous run or 
runs must be made in the laboratory; in which it is usually impossible to duplicate mill eonditiona 
aa to middling circulation and water reclamation. But, except for questions of aedimentatioo 
and incruatation in the water channels and their effects, reclaimed water has no effect on performanes 
of gravity concentration. Its probable effect in flotation or in hydro-metallurgical proceeaea can* 
be investigated by small-ecale tests, supplementing the continuous run. On the other hand, middling* 
must be cireidat^ in the continuous run and eliminated from the final products. If the middling 
cireuit diAUfr'M it does in almost all caaea, from that to be expected in the operating mj)II, its effect 
must studied, for making allowance in the final design. This is by far the most difficult 

pai^ of tsgting and interpretation. 

'' ^ Btiapleg must be correct, and of such wt (50-1000 lb) aa is necessary for all the iiutial 
laboratory tests. The smaller amount usually suffices when enoxagh is already 
' ' 81-02 
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known eonceming the ore to indicate fine grin^ng and a aimpie treatment'like (^yaniding 
or flotation; the larger amount is necesaary when nothing is known or when what is known 
indicates a comp^oated flow-aheet. 

Mineralogical composition of the ore must be approximately known as the first step 
in the testing work (1-5). Gold and silver ores usually require an assay; complex base* 
metal ores demand microscopic examination. 

Sizing analysis comprises quantitative separation of a mass of material of various 
eises into a number of grades, each having a relatively small sise-intcrval between largest 
and smallest particles. Means of grading: (a) screening; (b) differential settling, in 
water or in air. 


2. STANDARD TESTING SIEVES 


These are special sets of screens (usually 8-in diam), with pan and cover, or telescopio 
for field work. Apertures in successive sieves vary according to a regular rule. 

The Tyler series (best known) begins at 0.074 mm (O.UOl'9 in), the aperture of each ' 
coarser size being obtained from that of the preceding by the multiplier Vs. Full 
series in mm is: 0.074, 0.104, 0.147, 0.208, 0.295, 0.417, 0.589, 0.833, 1.168, 1.651, 2.362, 
3.327, 4.699, 6.690, 9.423, 13.33, 18.83, 26.67. Proposed astm standard series comprises 


a coarse and a fine sub-series. Coarse screens are the nearest usual fractions to a 
series, progressing from 1 in through the range from 0.25 in to 4 in, thus: 4, 3.5, 3, 2.5, 
2, 1.75, 1.5, 1.25, 1.0, 0.875, 0.75, 0.625, 0.5. 0.438, 0.375, 0.312, 0.25. Fine series adopts 
u s standard scale. It progresses on $t y'S ratio from 1 mm through the range from 


5.66 mm to 0.037 ram, thus: 5.66, 4.76, 4.00, 3.36, 2.83, 2.38, 2.00, 1.68, 1.41, 1.19, 1.00, 
0.84, 0.71, 0.59, 0.50, 0.42, 0.35, 0.297, 0.260, 0.210, 0.177, 0.149, 0.125, 0.105, 0.088, 
0.074, 0.062, 0.053, 0.044, 0.037. Micron designation (1 mm • 1 000 microns) is cus¬ 
tomary* for fine screens. Both of preceding scries derive from Rittinger (base * 1.0 
mm, multiplier »• V2) and Richards (ba.se — l.O inm, multiplier ■■ v^). Lnstk 
Min a Met (London) series has no regular basis of variation. The rating is in numbei^ 
of meshes per linear in; the list is 5, 8, 10, 12, 16, 20, 30, 40, 50, 60, 70, 80, 90, 100, 120, 
150, and 200-inesh. Aperture, in, is the reciprocal of twice the mesh designation; thus, 
100-mesh screen has 1 -i- 2(X)-in aperture. Other series proposed arc; DeKalb, base •" 
0.003 in, and, for any other size, add 0.001 n in (n being the number of screen in the series); 
Hoover, base ■> 1.0 in, constant multiplier (or divider) « <^'2. Sieves fob coal 
TEsifXNG, round hole, base » 1 in, constant multiplier (or dirider) » 2 (Sec 35). 


3. METHODS OF SCREEN ANALYSIS 

Crude analyses, suitable for ordinary work, are made by placing a weighed dry sample 
on the top or coarsest screen of a nest, shaking the nest G-2 minb until most of the 
undersize has passed the coarse screens; then removing 1 screen at a time, beginning at 
top, shaking each separately over a pan until the amount passing through in 1 min is 
less than 1% of that remaining on the screen. Undersize is added to top screen of the 
remaining nest. On coarse screens (0.7d-in or larger) pieces near the screen size may be 
tested and put through, if possible, by hand. Oversizea and final undersize should be 
weighed and kept separate until all have been weighed and the total chocked against 
original wt. Weighings should be accurate to within 1%, and total wt of the grades 
i^uld check original wt of sample within 1%. Screens should be so shaken as to cauae 
the material to travel slowly in a thin sheet over w'hole surface of the sieve, and jarred 
at the same time to cauae the cloth to vibrate gently in a direction perpendicular te 
its plane. 

Wben'fine dry material is caked, it may be broken by rubbing on the sieve with bristle brush 
or rubber cork. Cut-metal washers are sometimes placed on the finer sieves while ehaking, but 
tlds wears and distorts fine ecreen cloth and. with aoft material, produces an excessive amount 
of the finest aise. 

For testing coarse material, sample must be large, due to impossibility of cutting down aecu- 
ratety.' But, except for very accurate work, a earefulljr riffled sample of —0.12-in material weighing 
2S0 to SOO gm is large enough. Considerable time ean be saved by sifting a large aample roughly 
ea.the A^2-in arreen, oattiag down the undersise to 250 to 300 gm and screening this on the finer 
setNone^ wbil* oversize is re-eereened, beginning with cosreeet screen., On re-eereening, tiie under* 
zUf from 3.327-ibmJBuiy umalty be safely considered as oversUe on next finer screen and so treated 
in ealcfilatiiuE the rsdistrif^pUon (24). 
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Standard aaathod for band aitvliit. Aetraet of method recommended by ASTM: 
Sinvoa should be 84n diam with well-fitting pan and obver* free of crevices ^t will h^d 
particles; sieve-scale ratio, not greater than \/2; finest sieve, dOO^aesh (0.037-mm). 

Pbbfabation or sampub. Dry at 
110” C, mix well and riflle out a 
sample to within 10% of the ac¬ 
companying figures. 

Oeneral procedure. Sieve wet 
through finest sieve, with water 
containing little or no dissdlved 
solids. If the material is coarse, 
wash out all dime by vigorous 
decantation and put only decanted 
material on screen. Dry undersiae 
and oversiae at 110”C. Add loss, if any, to undersize. Sieve dried oversise first on 
finest screen and the oversize on successively coarser screens. 

In this operation a rough end-point is reached when undersize for one-mtn shaking is 
leas than 0.1% of original wt of charge. At this point remove oversize, and brush both 
aides of screen cloth to remove dust and lightly-held particles. Return oversize, and sieve 
further until a one-minute undersize is less than 0.05% of original wt of charge; remove 
oversise, brxish screen as above and re-screen oversize one minute. If undersize of this 
screening is again less than 0.05% of original charge, return to oversize; otherwise add to 
undersize and repeat until two successive one-minute sievings as above yield less than 
0.06% of original charge as undersize. . Manipvlation: Work over a smooth paper. 
Hold sieve with pan and cover in place, slightly inclined in one hand; shake with an 
amplitude of 6-6 in, about 150 strokes per minute, terminating each stroke by a gentle 
blow against the ol^er hand. Turn sieve about ^/s rev every 25 strokes. With 6-in 
diam sieves, use 200jBtrokeB per minute and turn Vs rev every 25 strokes. 

Wet samples are beat handled by jigging on finest screen at the surface of water in a 
pail, and wiping with a fine jet until practically aU the slime has passed. Oversize is 
then dried and re-ecreened on a nest including the finest screen, and undersize of finest 
screen on the dry sifting is added to dried undersize from wet screening. This procedure 
is qulokw and more accurate than preliminary drying and dry sifting, due to difficulty 
in breaking up slime cake formed in drying. But, as sampling wet pulp for the screen 
sample is difficult, drying, riffling and wetting to break slime cake may be justified. 

Meehaaical testing-rieve shakers. It requires 1-3 hr to sift a 200-gm sample con¬ 
taining 30 to 60 gm of —200-mesh material by manual shaking. Mechanical shaking 
will reduce the time to from 30 to 45 min, and, while the sieves are being rhaken, the 
operator is free for other work. If mechanical sieving is used as a substitute for hand 
sieving in the proposed standard method, end points for each sieve diould be tested by 
hand as tbraein prescribed. 

Xa-tep testiag'^isve shaker (W. 8. Tyler Co), for 8-in sieves, consists of a movable case with 
base Mtd top iriate, between which a nest 13 half-height sieves, or 7 foil-height with pan and cover, 
ean be mounted and subjected to rotary sifting motion, while a lever sttikee the top plate onee per 
rev and produces vibration of tibie screen cloth. A tinm switch on the motor is us^^. Duplicate 
samples, sifted for equal periods of time on the same or diSerent machines, check well within lindts 
of aampfiag error. If total amount of dust in the sample is important, the sieves (after removal 
from the shaker) should be brushed around the inside of the rims with a soft brush and shaken 
Individually for a short time as in hand sifting, as a little dust colleota around edges of coarser 
eoreens during mechanioal shaking and does not pass through. 

A simpler and cheaper apparatua comprizes a vertical motor with eccentrically loekted 
flywheel on the rotor diaft mounted between two parallel hardwood sticlu about 10 in 
apart and 44 in long, which are joined at their lower ends by a base plate for the amen 
pan and carry between this and the motor a vertically slidable recessed plate that fits 
ever the cover of the nest of screens. The whole structure is suspended by a */ 4 -m rod 
from a suitable support. The motor revolves 900 rpm and vibrates the frame and con¬ 
tained screens through a small amplitude. 


If largest 
particle ie 
— mm 

Raiuple wt 
should be 
— gm 

If largest 
particle is 
— mm 

Sample wt 
ehould be 
— gm 

16.00-11.32 

40 000 

2 00-1.00 

500 

11.32- 8.00 

12 500 

1.00-0.SO 

250 

8.00- 3.66 

5 000 

0.50-0.25 

100 

5.60- 4.00 

2 000 

0.25-0.00 

50 

4.00- 2.00 

1 000 




4 . ELUTRUTION 

This operation may be resorted to for further using of finerotium-eieive siaa% It 
nontists id grading fiady divided solid matter aeeording to sise, b,y teking adventags of 
(jmfsisninni In snttl^iratn nf ftiffsrmit nisnrd partinlpnin nir nr irntnr Thereantwogenend 
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method*: (a) allowing aolida to aettle fieety in eltt water for varying period*; (h) aufajeeting- 
th* Bolid* to ruing air or water ourrenta different velooitiea. 

Decantatioa i* the aimp^t method. Place a 10 to 20-gm sample in a tall Whfr of 
300-500 cc capacity, fill with water to a predetermined depth, stir thoroughly, then 
allow the beaker to stand for such a time that the time in seconds, divided by depth 
of water in nun, equals a predetermined settling rate corresponding to the largest^ised 
particle desired. Required time may be read from Fig 1. Next, pour off supernatant 
Uquid with the non-settled solids in suspension, re-fill to the mark and ■ g*i« allow settle¬ 
ment for same time; reiwat until the appearance of supernatant liquid indiratea that all 
the finest slime has been removed. Combine decanted portions, take a sample, while 
wet, for microscopic determination of sixe (Art 6), then dry at 110° C, cool and weigh. 
Re-fill the beaker to the mark with fresh water, and repeat above operations, allowing a 
shorter time for settling corresponding to the next coarser grade desired, and repeating 
with this settling time untU the supernatant liquid, at end of period, shows no solids in 
suspension. Repeat as above until the desired number of grades is obtained. If, in 
tap water, there is obvious chemical action (formation of gelatinous precipitates), use 
distilled water. If this does not remedy the trouble, weak solutions of add or *lV«di 
may be used, but the presence 
of the added chemicals or their 
salte in the dried solid must be 
recognised. Organic liquids, as 
kerosene, bensene, acetone, may, 
with some dry pulps, prevent 
flocculation of fine sixes, but the 
chart velodtiee (Fig 1) can not 
be used. If microscopic sising 
of the different grades is omitted, 
overlapping of sixes in the dif¬ 
ferent grades must be borne in 
mind, because not all the solids 
begin settling from the surface 
of the liquid in the beaker, and 
some fine partides that begin to 
settle from a point below the 

surface will reach bottom while coarser particles starting above them are still in sus- 
xmidon. Repetition lessens this inaccuracy, but does not eliminate it. 

Stttriation by rising currents is done by subjecting the material to be graded to risinp 
ourrenta of different velocities, and coUectmg the material lifted by each current separatelj^ 
General form of apparatus is the same, whether the fluid is liquid or gas. It consists of a 
SMies of cone-bottomed cylinders of increasing diam, dosed at the top and pipe-connected 
so as to i>ermit continuoua fluid flow from the smallest through largest cylinder. Pro¬ 
vision must be made to collect solids deposited in successive cluunbers. When air is the 
fluid, a ball or the like resta on the bottom inlet in such a way as to give annular entry 
to the fluid stream. Haultain’s infra-siser, using air for fluid, is tiie best today; it pro¬ 
duces granular grades to 10-micron sixe that, when magnified, look like screen g^es. 

laterpretatioB of elutriation tests. Settling rate of solids in fluids depends upon: 
sp gr and shape of partides, degree of packing of particles in the sorting column and the 
uniformity of aorting current. If the sample sor^ comprises grains of different sp gr, 
tile grades always contain grains of highly divergent aises; also, even if aQ the material 
is of same sp gr, the coarser grades will contain more or less finer grains carried down 
mechanically or by eddy currents; the finer grades will contain flat scaly particles tiiat 
settle much more dowly than their aver "diam” would indicate. Hence, the only sure way 
to determine aver siae of grains in a given grade is by microscopic measurement. If de¬ 
sired, this may be made separately on heavy and light partides sad on flat and rounded 
particles, and the analysia re-cast on basis of these measurements. 
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5. TESTING WITH THE MICROSCOPE 

« 

Iifioroseope is used: (a) to ud in mineral and rock identification and dsatifioatimi; 
0) to aid in stiidy of minwal ooourrence and the characteristice upon which the treatment 
aoima'depends; (e) in quantitative minotalogicakanalyais; (d) in suing saalytis. The 
mletdseope may save much time and money in quafitativ* determinations, which 
Oiuotiy win demmutrate the uselessness of more daboratg quantitative* investigations. 


31-06 TESTING OF OBES ’ 

Kicreaeople mlae^og^ sad p et f oir s phy srs faeuUsr to the geologist and ths litenttm is 
sxceUent and large. Principal apparatus ^uit^ is a petrographic microsoope. Samples for 
exandnation are prepared either as thin sections or pulverised fragments. For details of methods 
and interpretation of thin sections, and study of pulverised fragments see Bib 1, 3, 4, 3. 

Mineragnphy is the study of opaque minerals, including native metaLi. moat sulphides, certain 
base-metal oxides and the Uke, by the metalloKraphie microscope. The methods, including study 
of poUshed sections by reflected light, etching and various microchemical tests, hardness tests, 
etc, are much more effective in identification of opaque minerals than either of the ordinary petro¬ 
graphic methods (6-11). See also Sec 1. 

Puticle tiza. Of greater importance in testing than identification and the information 
concerning ore genesis afforded by mineragraphic work is the knowledge given by the 
p>oUBhed section as to particle size and method of occurrence of the valuable mineral. The 
first fact can be established with coarse-grained ores by a sizing-sorting-assay test (Art 8} ;’ 
for such ores, the second fact is of minor importance, but with finely disseminated and 
complex ores the polished section quickly gives essential information obtainable in no 
other way. 

Determination of grain size fixes the size to which the ore must be crushed to free the 
valuable mineral; upon this and the kind of mineral and ganguo the chief elements of 
a tentative flow-sheet can be founded. The appearance of the edges of aulphido-mineral 
grains and of cracks traversing them will tell whether any alteration likely to affect 
flotation has occurred. Inclusions of worthless or deleterious substances that would 
lower the grade of concentrate, as silicates between the laminae of graphite grains, blende 
in galena and the like, are immediately apparent in a polished section. The degree of 
admixture of sulphides in complex ores can be readily studied, and one or two properly 
ehosen sections often show the hopelessness of attempts at mechanical separation. Time 
Imd money can thus be saved, and ores should never bo tested beyond the preliminary 
assay stage without such microscopic examination. 

(Quantitative mineralogical analysis is useful primarily in studying the products of 
concentration. The first step is identification of important minerals and mineral groups. 
The analytical work is done with low magnification, since identification of valuable 
mineral, accompanying heavy mineral or minerals, and the gangue minerals as a group, 
is easy. Failing this, analysis must be preceded by identification, for which Rogers’ 
eruahed-fragment method with the petrographic microscope is best (1). 

Mill pulps may tdso be mounted in a matrix of bakelite or umilar plastic, by stirring 
into a viscous mass thereof softened by heat, and, when the mass is resolidified, may be 
polished for mineragraphic examination. For quantitative applications of this technique, 
see Bib 16b, 16c. 

Mkroscopie sizing analysis. Sizing by screens below 2(K)-mesh (0.074 mm) is highly 
inaccurate, because of imperfections in screens and the difficulty of getting material 
through them. Elutriation alone is similarly undependable, due to differences in settling 
rates induced by differences in shape and sp gr of particles. Microscopic sizing has of 
late been highly developed, to supplement or supplant settling methods. With proper 
equipment and good technique, microscopic sizing can be carried to less than 1 micron 
(1 micron == p.OOl mm), and the aver size of very fine products stated with a precision 
of 0.1 or 0.2 micron. 

ladirect measurement, described by Green (17), ie adapted to very fine materials of greater 
uniformity than the non-metallio natural fillers measured by Weigel (18). It involves making a 
slide, photographing one or more fields, projecting the negative on a screen and measuring and 
eounting the gi^na thereon. . . 

For details of more elaborate methods of scre'^n sizing, elutriation and microscopic anatsms, 
see Taggart, Handbook of Mineral Dressing. 


6. AVERAGE SIZE OF PARTICLES 

Mineral particles produced by crushing and grinding have an almost infinite variety 
of shape-and rise. No accurate numerical expression of the dimensions of a single particle 
nor of the aver of a group is possible; only an approximation is fearible, ordinarily expressed 
as a single number, as though the particles were spheres or cubes. This number is called 
the DUMXTCB or siza of an individual particle, or the aveb diam or aver siz» of a group 
of paihides. 

, Dtametor of a particla. The fundamental assumption of particle measuo’ement 1i' 
it haa three principal axes at right angles and that its dimensioAs are eompietriy ' 
fiai^ when the distaneea between, the ihtorcepta of the surface on the resgi^eri^'^^axflB 
•gM'kiven. Starting with IhiaBBsumption, which is, on ita face, only a crude apprektm*- 
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tion except in tbe«ase of materials with cubical cleavage, averaging of the three principal 
dunenaions into a single Bgure is attempted by one of several different mj^ods, as follows: 


d-b, ( 1 ); d - (I 4 -b)-I- 2 , ( 2 ); d • (1 + 6 + f) 4 - 3 , ( 3 ) 
d - VE, ( 4 ); d • v^, ( 6 ) 

, Slbt 


, V2lb + 2U + 2ft 

dm ---, ( 6 ); 


Ib + U + bt’ 


(7) 


where d • "diameter, ’ and I, b and t respectively the distances between the intercepts of 
the surface on the long, intermediate and short axes; in common parlance, length, breadth 
anjd thickness of particle. The significance of the first 6 cpproximations is immediately 
apparent; the sixth gives the edge of a cube, the total surface of which equals the total 
surface of a rectangular parallelopiped of dimensions equal to the principal dimensions 
of the particle. The seventh is the harmonic mean of the dimensions. When screens 
are used alone, assumption ( 1 ) is adopted perforce; for elutriation, without subsequent 
microscopic measurement of fractions, assumption (5) is necessarily involved; when 
individual particles are measured, any one of the seven may be adopted, but ( 2 ) gnd (4) 
are most commonly used. 

Aver diam is computed by averaging the mean or equivalent diam of a number of 
particles. Perrott and {Finney (19) suggest the following: 


1. Arithmetical mean 

3. Laaehinger's mean 

4. MeUor’s mean D 


O m. *^1 -h 
2 


2. Geometrical mean 

D - 


di - 


D didt 


^(dj + di) (rf,» + 

4 


5. Mean of form D » f/g 


lose di - log* (ii 

d,t - dt* . 
d 


6. Von Reytt’a mean 

7. Number mean 

0. Surface mean 
To these should be added: 

11 . 


D - 0.43i>(di + (fj) 


D - 

2nd 

2n 

8. Length mean 

D - 

Xnd* 

Snd- 

D - 

Xn,P 

10. Volume mean 

D - 

Xnd* 

Xnd* 

D - 

\ £n 

12. 

D - 

V Xn 


where D •• mean diam; tfj and d^ » max and min mean pat.icle diam; d •> euceesRive mean particle 
diam in a aising operation, and n — numerical frequency of the corresponding d. For discussion 
of the above, see Taggart, Handbook of Mineral Dressing. 


Tsbls 1. Comparison of Methods of Calcolmting Avenge Diam 


Microscopic analysis 


Diam, microns (d)... 

60 

so 

40 

30 

20 

10 

5 

2 

No of particles (n)... 

87 

100 

156 

660 

1 750 

6 200 

25 600 

155 000 


Percentages 



0.05 

0.05 

0.1 

0.3 

0.9 

3 3 i 

13 3 

81.8 

Xn 


j 







nd 

0.9 

0.9 

1.1 

3.4 

6.1 


23.7 

53.2 

Xnd . 






■■■ 


, 

nd* 

7.8 

6.3 

6.3 

14.9 

17.5 



15.6 

Xnfi 

nd* 

22.4 

14.9 

M.9 

21.2 

16.7 

■ 

|i| 

1 

1.5 

XntP 




1 

1 



Formulas Microns 

1. D.- (di + d|) + 2 “ (60 + 2) + 2 - 31 

a. D - - Veo X 2 -11 

9 ,. D - (di - + (logs di - logs d|) - (60 - 2) + (2.30311.7782 - 0.30101) - 17 .0 

4. D - ^(dt + dti (di* + d^) -t- 4 - -^(60 + 2) (3 600 -f 4) + 4 ~ 38.2 

4. D - 4(lli* - *•) + 5(di< - dj<) - 4(60» - 2») + 6(60* - 2*) - 48 









31-08 TESTING OF OBES 


Formula*, oontiawd , Microua 

«, JD - 0.43A(<(i + <^ « 0.48&(60 + 2} « 27 

7. i> - Znd + Z» « (O.Ofi X 60 + . . . S1.8 X 2) 100 « 8.0 

8. D - Zm^ Znd « C0.0 X 60 + . . . 63.2 X 2) + 100 - 7 0 

9. Dm Xfufl + Zndl - (7.8 X 60 4- ... 16.6 X 2} . 1 - 100 - 21.0 

iO. Dm Xnd* + Xnd* - (22.4 X 60 + ... 1.6 X 2) -4- 100 - 86.4 


11. D m x^Xtuff 4- Zti - V(87 X 80* + ... 156 000 X 2*) + (87 + ... 186 000) - 4 6 

12. D m ^Xnd* + Zn - V(S7 X 60* + .. . 165 000 X 2*) + (87 + . 166 000) - 7.6 

Compariioii of mothods. Perrott and Kinney (19) give the microsoopie siting 
aaalysit shown in Table 1. Ck>mpariBon of the aver diam computed by the different 
fomtuibs diows clearly the uncertain meaning of this term, and necessity for stating 
tto method of calculation when giving a numerical result. The result by formulas 
1 to 6 is unaffected by the amounts of any of the grades. Hence, each will give the 
same result for any mass of mixed site grains, irrespective of the sise composition of the 
mass, provided the largest and smallest particles ate in each case of same sise. 

This fact condemns these formulas for anything but the crudest work. Formulas 9, 
10 place too much weight on the coarser sises, and, with No 8, give results that are mean* 
ini^MS in terms of the diam of ideal particles that could be substauted for the actual 
particles. But, No 9 is useful when specific surface is important. No 7 gives the easiest 
calculations and the physical significance is moat readily visualised. It weights the 
finest particles most heavily and therefore gives an aver that leans toward the fine end. 
No 12 weights the coarsest particles most heavily, and consequently the results lean 
toward the coarse end. No 11 is intermediate between the otker two and would, on 
that score alone, seem preferable; it is distinctly so when surface is the valuable property 
of the material. 


7. PLOTTING SIZING TESTS 

Sising tests are best compared and their significance understood graphs. Common 
methods are: dibbot plot, particle size against percentage weight; cuifiiLaTivs dibxot 
PLOT, particle sise against cumulative weights of the entering and the coarser (or finer) 
sises; dibsct LOOABrmMic plot, weights as ordinates against logarithms of partiole sises; 
cuutTLATivB LOGABiTBMic PLOT, Cumulative weights agunst logarithms of partide sizes; 
PBBOBHTAOB APBBTOXB PLOT, cumulative weights against apertures expressed as per* 
oentages of the aperture passing all of the sample; bbcxpbooal pi/>t, wei^ts, cumulative 
or direct, against reciprocals of particle size; frequbnct cubvbs, number of particles 
(or a function thereof) against size (17). 


8. SIZING-SORTING-ASSAY TEST 

This test affords an excellent basis for estimating the recovery possible to make on an 
ore, and of the flow-sheet needed for treatment. 

A ailing test is made of a sample ground to approx the sise at which clean xnineral 
or dean tailing results, separating each grade by approx means into concentrate, middling 
^iid tailing, weii^ng and assaying the products. Hand picking can be used for 
separation to the ovendse on a 1-mm screen, and panning on the finer sises; or, if the 
bulk of the finer sises is large enough, and the ore amenable, they may be comUned 
into a sample for a flotation test. 

Table 2 shows results of a test thus run and the method of calculation. Aanunlng 
that the concentrate from retreating middling separately would average 65% Pb and the 
tailing 0.4%, the mldrfling recovery would be 97.8%. This assumption was justified 
in tile test, because microscopic examination of tiie middling diowed that practically all 
ipineral would be free at 100 mesh, that concentrate from 14%''feed would be somewhat 
richer than that from 5% feed, and that assays of tailings from both feeds would be 
roughly in proportion to the feed assays. Such middling retreatmsnt would add 3.710 
ton concentrate containing 2.4095 ton lead, and 13.386 ton tailing conta inin g 0.0535 tem 
lead. If doubt exists as to behavior of the middling on retreatment, It should be ground 
and treated. 



Table S. Szinc-iortiiig-aiBaj Teat oa Minas lO-mm Lead Ore 
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9. testxnO of machines 

Cmihing. Beha^or of ore in ^oarse and intermediate cnuhing end in grinding 
diould be investigated, because the results of breaking apart mineral aggregates by this 
crushing may differ entirely from those due to breaking down the individual mineral 
gnuns by grinding. The safest method is to make parallel tests on an ore of known crush* 
ing characteristics and the unknown ore; these testa being made with machines of the 
types used in mill treatment of the known ore and to be used for the unknown. Labora* 
tory crushing testa used as a basis of mill installation are, in any case, about 5% manipula¬ 
tion' and 96% interpretation based on experience, and an experienced investigator, with 
a few lumps of^the unknown and some known ores and a hammer and anvil, can tell 
more than an inexperienced man with a complete laboratory equipment. 

Accessory apparatus. Testing an ore for performance in hydraulic and mechanical claaaifien, 
thickenen and filters, dryers and the like is usually done in small^eise substitutes for the essentiid * 
parts of the various machines. Experiments require much skill in manipulation, and experience 
in interpretation. They form part of the geueral testing campaign for dsterminjng a flow^shest 
and should not be attemptsd as part of prsliminary fisld work. For detatls of msthoda, sss Taggart, 
Handbook of Mineral Dressing. 


10. HAND PICKING 

This often affords valuable information, even when not considered a practicable mode 
of treating a given ore under existing conditions. It may be applied to ore os fine as 
0.25 in, and, in investigating screened products, may be carried down to 1.0 or even 
0.6 mm with aid of a hand-glass or a low-power microscope. The ore should be clean 
and sised between rather close limits; washing brings out the distinctive color or luster 
of the minerals. 

Practicability of hand picking on a commercial scale may be tested by attempting 
to make the following products, or as many of them as practicable: (a) pure minerals, 
fit for market or for metallurgical treatment, as galena, blende and chalcopyrite; also 
very rich ore, which might be treated better metaUurgically than by mechanical means, 
for example, copper carbonates or silver chloride; (b) rich ore, with coarse disseminated 
mineral; for coarse crushing and jigging; (e) fine disseminated ore, usually poor, con¬ 
taining useful mineral in such small particles as to require very fine crushing to liberate it; 
(if) material that does not seem to be mineralized. Several classes may sometimes 
be made of this, if differences of color, texture, etc, indicate a possible difference in rich¬ 
ness. Assays will show which may be thrown away, and which should be included with 
the ore for mechanical treatment. 

Bconomy of hand picking may be investigated by the formulas in Sec 28, Art 11. 


11. HAND JIGGING 

This is uoed for testing ore ranging in sise from about 12 to 2 mm. It requires a tub 
of water and a few 6 to 10-in screens of differing mesh. Before jigging, the ore should 
be tiled fairly closely. 

Put about 2 in depth of tised ore into a sieve having a mesh fine enough to retain it, 
and Jig for several minutes under the surface of water, with a long, tiow stroke for coarse 
ore« Mid a shOTter and quicker stroke for fine sizes. A quick down stroke combined with 
slower up stroke is moat effective. Care should be taken to keep the sieve level ^d to 
avoid horis or overturning movements. When tailing appears clean, scrape off upper 
layer and replace with an equal amount of ore; then resume jigging. Middling and con> 
oentrate may be allowed to accumulate on sieve, until the layers become inconveniently 
thick. Main object of preliminary jigging is to produce a tailing as poor as postiUe. 
Concentrate is cleaned by careful jigging, aided by hand picking, if necessary. 8kim- 
mings from the concentrate are added to the middling, and this is re-jigged and reduced 
to the smallest possible bulk, by separating concentrate and tailing. Sometimes two or 
more grades of middling may be made, their richness being tested separately to determine 
the effect of combining them in part with concentrate or with tailing. Assays of prod¬ 
ucts, and close scrutiny of middling obtained at different uses, will indicate the max tise 
at which jigging should be begun. Mill operation will rarely improve hand-jig tailing.- 
but mill concentrate is usually of higher grade. 
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1 % PAN, GOLD PAN, MINER’S PAN 

The above are different names for the sme device. It is in shape a conical frustum, 
10, 12.25, 16 in or more across the top, 2-2.6 in deep, the aides at an ancle of 35-75* 
to the bottom. It should be light, with smooth inner surface, free from grease and rust. 
Polished steel and granite ware are the usual materials, though the latter is apt to chip. 
USBS: (a) to assay gold-bearing gravels in prospecting, and, less frequently, to make a 
rough assay of crushed vein material for gold; (5) to work gold-bearing graved on a small 
scale; (c) to make gravity-concentration tests on beavj'-mctal ores. 

Procedure. To pan gold gravel, take a panful, and work the material over in water 
with the hands, rejecting stones free from fines and clay. Continue this until all coarse 
gravel is removed and the mass thoroughly disintegrated. Then, with the materisl 
in the pan submerged, and the pan held nearly horiz, subject it to a rotary motion suf¬ 
ficient to produce suspension of the solids, and settle the heavy particles, leaving the 
surface metal-free. Next, with pan above water, tilt it slightly forward, and, by rocking 
it from side to side, cause the water in the pan to wash solid matter to the lower edge; 
the amount of tilt and speed of rocking being such that only tlte superficial particles are 
washed down into a "toe” at the lower rim. The toe is then wa^ed off by alternate 
lowering and raising through the water surface. These operations are repeated until 
nothing remains in the pan but heavy minerals and some fine light sand. Further 
separation can sometimes be made by so moving the pan that a little water therein will 
course around the trough formed by intersection of side and bottom. This strings out 
the material with the lightest sand ahead and the heavy material behind, so that more 
sand can be removed, and particles of gold uncovered. Final separation of gold from 
the heavy minerals is usually made by amalgamation; or by drying, and separating 
magnetite with a magnet, or by blowing. 

In prospecting, it is important to know the number of pan loads per cu yd of gravel 
in place. This ranges from 100 to 200, according to size of pan and its load, and should 
be determined by measurement in each case. 

Testing an ore differs from above procedure in that; (a) ore must first be ground to 
a size that will free much of the valuable mineral; {b) the wt of the sample should be 
determined; (c) stratification in the pan requires more careful and prolonged manipula¬ 
tion; (d) the surface layer removed in each cycle must be thinner. The t.peration should 
be conducted over a tub, in which the first tailing is collected for repanning. Con¬ 
centrate always contains considerable gangue and the tailing some valuable mineral. 
An experienced operator can make about the same recovery as is possible in mill work, 
but mill concentrate, especially coarser sizes, will assay higher. 

A skilled panner, working steadily, can treat about 100 pans of loose gravel per 10-hr 
day; proportionately less if cemented matter is present. The same man can not run down 
more than one-third as many samples of galena-quartz ore; even less of ores in which the 
differenoe in sp gr of heavy and light minerals is smaller. 


13. VANNING 

This resembles panning, but is not applicable to as coarse material and is limited to 
much smaller quantities, say about 50 gm. Vanning plaque is of enameled iron, in shape 
of a spherical segment, about 12 in diam by 0.75 in deep at the center. Cornish vanning 
shovel is essentially a plaque on a 24-in handle. A batea or a large watch glass may be 
used instead of a plaque. 

Procedure. Sample, if dry, is first wet down carefully, avoiding skin flotation. Wet 
pulp is first swirled vigorously to get slime in suspension, then more slowly to let all gran¬ 
ular material settle, after which the slime is decanted. Repeat until all slime is removed. 
Thereafter, a vanning operation comprises: (o) stratification by horiz rotary motion, as 
in'panning; (b) throwing the lower heavy concentrate to the edge of plaque, while the 
upper stratum remainz near center; (c) washing the upper stratum off the plaque away 
from the head of concentrate. To throw up the head of concentrate, the plaque, held 
on opposite edges in the hands, is moved as in swirling with one hand while Uie other 
describes, at each rev, a small vertical circle, say 1-in diam, in clockwise direction, movii^ 
‘downward more rapidly than upward. The swirling motion keeps upper stratum in 
suspeniion, while the lower hugs the surface; hence, as the plaque moves away from the 
operator, heavy material moves with it, and thus moves from under the pulp in 
simMnsion. The rapi^ down stroke drops the plaque^ from under the heavy mineral, 
and when tite latter ugain reaches the plaque surface it rests on a point farther away 
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item opentor tlwn b^ore. The head of oonoentrate U thua made to travel up onto the 
edee of the jdaque away from the Operator, while the lighter lands remain nearer the 
center. Horis aeperation is continued by imparting a gentle swirl that moves tiie water 
only, giving the plaque a smart shake while the swirling water is traveling away from 
the concentettte. Thua, the sand is washed down toward the operator by a film-sudng 
actiem. Borne operators manipulate the second phase so as to draw the head toward 
them, washing tidling off the far side; others throw up the head by simple swirling with 
one hand and jarring the side of the plaque at each rev against the heel of the other ha:^. 
In this case, the mechames of the horis separation are different, but result in the same; 
it is easier to learn than the first, but is tiring, if much vanning is done. With a vanning 
abovri the head is thrown up by a slight side fillip on the back stroke of the swirl. 

Principal uses of the plaque are in examination of finely-ground mill products, and in 
susmying, as in the Cornish tin-ore assay. Vanning has an advantage over a chemical 
assay in giving some idea of the amount of middling and the siie of tiie free-mineral 
grains. It is being superseded in Cornwall tin assaying by chemical methods, but for 
many j^ars it was the chief, if not the only method there used. It had, of course, the 
apparent advantage of indicating only recoverable tin (free casaiterite of a sise that could 
be won by gravity concentration), and this was all that most miUmen were interested in; 
but experiment showed that skilful operators reported discrepant results On the same 
sample, none, of course checking the chemical assay. 

Haoltaln super-psnner is a mechanised vanning horn, about 30 in long by 10 in wide, 
set with a slight longitudinal slope and having a curved bottom of radios increasing 
toward the lower end. A cam-controlled bump moves settled solids toward the high end, 
while a side motion of oontrollably-various magnitude, together with wash water, sus¬ 
pends and moves light material toward and over a transverse baffle at lower end. It 
may be used on charges as small as 1 gm; making remarkaUe separations on infra-sised 
grades. 


14. HEAVY SOLUTIONS 

Liquids of high sp gr (up to 3.55) may bo used to separate minerals more closely than 
by any other means; but the method is limited to mineralogical testing, except in the 
use of ZnClt solution for coal (Sec 35, Art 11). 


16. FLOTATION 

Testing flotation processes is more difficult than testing other methods of concentra¬ 
tion, because the process operates by means of chemical reactions in solutions so dilute 
that solutes deriv^ from the ore itself or present in the mill water may exert very great 
influence. 

Fundamentally, in order that bubbles may attach preferentially to a solid surface, 
that surface must first be water repellent, while all other particle surfaces remain readily 
wettable by water, as they are in virgin ore (excluding oxokeritea and the like). The 
desired water-repellent surface is always of hydrocarbon nature. In a few special oases, 
as sulphur, graphite and coal, it can be applied by selective smearing with relatively 
insoluble oil, This is done by agitating the ore with water and a little oil. In all other 
chses, coating is effected by chemical reaction between the affected mineral and a collecting 
agent. This results in an oriented precipitate of a reaction product of mineral and reagent 
at the mineral surface. 

Substantially any mineral may be separated from any other by proper choice of a^ 
collector. The prerequisites are: (1) slight solubility of the mineral to be coated (and 
floated) in the pulp solution; (2) an organic reagent that will form an orient^ precipitate 
of hydrocarbon nature on the desired mineral surface, by reaction therewith, while ^e 
other minerals are unaffected thereby. Solubility of the mineral, of the organic collecting 
reagent and of the reaction product may be controlled by other suitable (conniTioKtixto) 
reagents. In general the silicates, except those containing considerable proimitions of 
heavy or alkaline-oarth metals, are non-floatable. Substantially all -other minerals are 
floatable. For more cmnplete diseusdon of the chemistry involved, see Bib 20—33. 

ItMieati. Salts of organic thio acids, usually carrying upwards of 4 cirbon atoms, 
aiW commonly used as coUectora for sulphide minerals. Examplra: xahthatea, Ihioeap* 
bonates, toiopho^ihates, mereaptans. Fatty and resin adds and their alkaU-motal 
salts (soaps) are the usual cdleotora for non-^netallic minends. Added oil is a&.''aid .lB 
otMjflsig'ihe latter. Pulps are usudly kept alii^ly on the alkaline aide (pH 8-10). 
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DttwmtUl fMfWta «d4cd to modify the eorfaee of eertein ndaenk and Uxae diaage tbofr 
behevior.. Copper ioa r^eeee eine ion on ephelerite eurfeeee and thoe, einae aino doee not form 
iaMlttble preeiidtatea adlli many thio-aeid ione of low hydraearbon content while oopper doee, 
aetivatee the e^atarite. Alkali oyanidea added to a pulp containing oopper ion auppreaa the con* 
eattration of thb ion. Hence they are added to prevent activation of ephalerite by inrtdental 
oopper in galenaaphalerite orei. With a high concentration of lino ion, obtained'by addition of 
eiao eulphate or chloride, cyanide probably forms an insoluble sine cyanide on sphalerite suifaeee 
Mid further depreeses that mineral. Cyanide probably also forms ferrocyanide coatings on jnrrite 
in alkaline pulps and thus depresses it. These examples constitute a bare outline of possi^tieB 
of differential controL 


fe aigfaf 


Bteani«distilled pine oil and creeol are the moat usual frothing agents. 

Crude, imaU-scale tests, by the agitation-froth process, may be made by hand shaking 
in a test tube or a wide-mouth bottle, or in a milk-shake machine. A mutorKiriven bar 
mixer with a small square glass jar is 
Mcdlmit for preliminary teats; froth being 
removed by overflow by introducing suf- 
fieient water through a tube below the 
pulp lev^. 

Preliminary pneumstie-proeesa tests 
may be made with a short length (8-12 in) 
of IJS or 2-in tubing, a 1-hole rubber 
cork and a piece of finely porous cloth, 
arranged as in Fig 2. Air may be sup¬ 
plied by a bicycle or automobile pump 
or, at worst, by an atomiser or syringe 
bulb. It is well to have a receiver made, 
say, of a 2-liter acid bottle, between the 
pump and cell, arranged so that the air 
supply can be regulated by .a pinch-cock. 

Pt^minary tests by such apparatus are 
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Blowing Tube for Pneumatie 
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Fig 3. 
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Machine 


valuable chiefly to determine amenability and, perhaps, to give some idea of the grade 
of concentrate that can be made. They will not yield good recoveries. 

Tl» best machines for laboratory work are single-cell models of miU machines, taking 
nhar gwi of 5(X)-1 500 gm, with provision for froth overflow, and arranged for pulp circu¬ 
lation. They will yield results that are usually directly comparable to mill operations. 
Such mod^ of their commercial machines are made by many mfrs. 

Fig 3 shows a satisfactory agitation-froth machine, which is easily made in any, mine 
diop. A 0.25-h p motor, giving the agitator a speed range of 800-2 (X)0 r p m, is desirable. 
Ore charge, 750 gm. The pneumatic machine in Fig 4 can be built in any good mine 
thop; m'ranged for either continuous or batch treatment, according to position of die 
tailing-disaluurge dide. Ore charge for a pulp containing 20-25% solids, 1 5(X) gm. For 
small-acale hatdi tests, A machine similarly proportioned, without gloss side and arranged 
{o^ overflow both aidea: 2 by 7 in in idan, is easier to handle and can oporate on 600 gm 
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or 1«M. It ■faould be fitted irith a •mall airlift, of i^aaa tubing, to dirouiate from tbe 
deep end back to the abaUow end. 

Teetiog procedure. All apparatua should be clean. Mode of preparing the on charge 
depends upon nature of the ore and reagents. t>iy grinding in a disk sample.^inder, or 
a ipnall bw pr pebble mill permits preparation of many samples at one time, but tbe 
character of the product may not be the same as that of the same ore wet>ground. Wet 
grinding, simulating mill conditions, is best, unless it is known that dry grinding produces 
no essential difference in results. 

In wet grinding the ore is first reduced to pass 10 or 20-mesh dry. The charge is 
then weighed into a small batch cylinder mill, water equivalent to 30-50% of the com¬ 
bined wt is added, and the charge ground for the predetermined time required to produce 
the desired sise. Collecting and conditioning agents may be added, so as to be present 
during grinding. With non-metallic ores it may be preferable to do all fine grinding out 
of the presence of iron, or to add a precipitant for iron ion, as phosphate or hydroxyl ion. 
For many ores, preliminary teats of metal content of tailing may be made by vanning, 
assays being superfiuous unless vanning indicates good recovery. 
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Quantity of reagents. Thio-acid collectors, 0.05-0.15 lb per ton of dry ore; soaps, 
0.2-1.01b per ton; neutral oils, as jMtroleums, when needed, 0.25^ lb per ton; Cu, 0.05-0.25 
lb per ton; hydroxyl ion (lime, caustic soda or soda ash) to give desired pH; cyanide, 
0.25-0.5 lb per ton (concentration of CN. with a given quantity of cyanide salt present, 
increases with alkalinity); frothing agents, as pine oil, cresol, sulphonic soaps, 0.05-0.15 
lb per ton. 

For a bottie test, place the pulp (containing about 25% solids) and reagents in a 
wide-mouth bottie holding 500-2 000 cc, filling it half to two-thirds full, cork, shake 
vigorously for 3-10 'min, moving the bottle parallel to its axis, so that the mass of pulp 
acts as a piston or plunger, then allow it to stand for froth to separate. This test requires 
practice, and an inexperienced operator should not be discouraged by failure. 

For a machine test, place the pulp with reagents (as above) in tbe machine and agitate 
at 1 000-1 500 ft per min peripheral speed for 10-30 min. If first froth is high-grade, it 
may be taken as finished concentrate and later overflow as middling; if first overflow is 
low-|gade, take all overflow as rough concentrate and clean in a second operatimt. 

For differential flotation of galena from blende and pyrite, grind the ore with 2-4 lb per ton of 
sodium bioarbonate, 0.2-0.4 lb ooal-tar or wood creosote, 0.5-1.0 lb sodium cyanids and 1-2 lb 
aiae sulphate; then charge to the machine with 0.1-0.25 lb pine oil and float ^e lead, Next add 
i^ut 1 lb copper aulpbata and, if neceHaiy, H 1 SO 4 , sodium carbonate or another inorganic ag^t,- 
to float blende away from pyrite. Sodium carbonate, bicarbonate, or cyanide alone may serve to 
separate a blende-pyrite ore or to float chalcopyrite from pyrite. The same procedure as for fiota* 
tion of galena wifi frequently float cbalcopyrite from blende and pyrite. Sodium sulphide (lAlfl 
lb per ilp) may sometimes Iw used instead at cyanide. 

Ftir farther details of flotation testing, see Taggart, Handbook of Minerai Dressing. 
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XntarpMtatloii of flotation-'toot rotolte. Translation of laboratory reaults into terms 
of 8 a^«seale operation is generally less difficult in flotation than in gravity oonoonfration, 
and ia^ always more certain than where there are chemical reactions, as in leachiiw and 
precipitation. Any flotation result obtainable in a laboratory macUne is obtainsime in 
mill operation, if the essential laboratory conditions are duplicated. The converse of 
this statement is also true, except that the mill-aise machine can handle, somewhat coarser 
feed than the laboratory machine. Considering the essentials of pulp treatment in 
detail, the translation from laboratory to mill reaults are as follows: 

Average size of feed may be slightly coarser in mill than in laboratory, or, if the 
mill grinding is carried to the same extent as in the laboratory, a somewhat better result 
may be expected in the mill, other conditions being equal. 

Water may make a considerable difference between laboratory and mill results, and 
this difference may be either in favor of or against the mill. It will usually be in favor 
of the mill if part of the water is reused; in which case the flotation agent returned by 
the mill water may lessen considerably the amount of new flotation agent that must be 
added, and the froth is more easily obtained with admixture of this reclaimed water. 
But. if there is much soluble salt in the ore, or if the settling ponds are of considerable 
area and In an arid region and there is much dissolved salt in the new water, these salts 
may injure flotation. 

Flotation agents in the mill will be the srme as in the laboratory, except that in the 
mill it is generally possible to lessen the proportion of frothing agent in the mixture. 

Peripheral speed of agitators is usually somewhat less in mill tlian in laboratory. 

Air consiunption per cu ft of pulp treated in pneumatic machines is usually less in mill 
than in laboratory. Pressure on underside of the blanket must be higher in mill than 
in laboratory machines, due to the greater head on the pulp side of the blanket. 

Time of treatment necessary in the mill will be very nearly the same for a given re> 
covery and grade of concentrate as in the laboratory. Hence, the required volume of mill 
machines may be calculated therefrom. 

Grade of final concentrate obtained in the mill will be close to that in the laboratory. 

Recovery will be close to the indicated extraction, computed by the formula (Art 19, 
Eq 4) from laboratory results, if the figure used for grade of concentrate is that obtained 
from the cleaner operation; the figure fur rougher tailing is that obtained from the rougher 
operation, and the middling or cleaner tailing obtained in the laboratory is disregarded, 
provided that the grade of this middling product is not more than twice the grade of the 
original heads, and that the niineralogical character of the middling is not markedly 
different from that of the original feed. 

Mill tests. It can not be too strongly urged that, before a mill is erected, some testing 
work be done with mill-sise flotation machinery. It should be done in a test mill at the 
mine, on ore, the prior handling of which corresponds closely with the scheme to be 
followed in the finished mill; the water also should approximate the character of the water 
that will be used in the final plant. If such a test merely confirms the laboratory results, 
it will pay for itself in the information that it gives concerning mill operation on the ore, 
and the test may reveal conditions which were overlooked in the laboratory. As some 
of the equipment used in such a teat can generally be utilized in the final plant, not all of 
it needs to be charged to the testing work. 

16. AMALGAMATION TESTS 

Pan amalgamation. A sample of the ore, previoudy crushed to ,30 or 4(V-mesh, is 
ground for a definite length of time in a Wedgwood or an iron mortar, with addition of 
Hg and such ingredients as would be used in practice; for example, caustic soda, salt, 
copper sulphate, or H 1 SO 4 . Following mixture is commonly used: ore, 300 gm; water, 
100 ce; caustic soda, 1 gm; Hg, 50 gm. Grind for 1 hr, pan off the Hg, dry and assay the 
residue, and calculate extraction. 

In a snwll test of this nature, results eslculated from niazcT nanamNAnoH of the Au and Ag 
taken up by the Hg are seldom reliable, owing both to the difficulty of obtaining Hg quite free from 
these metals, and to the likelihood of loss while driving off the ezoess Hg by beat, or^ dissolving it 
in acid. If the Hg breaks into small globules that will not coalesce readily, the addition of eaustio 
aoda, Bodium amalgam, or sal ammoniao may assist in causing the Hg to unite in a single globule. 

Plate amalgamation. A method often giving good results is to roll a weighed samsde 
tmekwards and forwards in a large bottle conta inin g Hg tmd dilute caustic soda solution. 
Pcdlowing,proportion* may be used: ore, 200 gm; solution, 100 oc, containing 1 % NaOH; 
Hg, 10-15 gm. The botUa is kept revolving for 0.5-3 hr, after which the contents are 
panttad to aepmwte the Hg. Extraction is calculated by differenoe between oriidBel and 
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final »mmy» of pulp. Suma-iAaaAT vmmt, made on tailinge from tiiia bottle beet, iella 
wb^er ftur oruahinc would be likely to improve reooveiy. Taera ow puTae mpy be 
made by paeauig small quantities of ore over an amalgamated plate or pan, or by agitating 
witit stripe of amalgamated copper in a bottle. Tests simulating j^te anudgunation 
will almost idways give lower recoveries than can be obtained in a mill. 


17. CTANmiNG TESTS (see Sec 33) 

Preliminary testa are often desirable to determine whether a given ore is at all suitable 
for cyanide treatment. The first test may imitate the extreme limits to which such 
treatment could be carried in practice. No standard test will cover all possible cases, 
but the following will servo in many instances. Take 100 gm of ore ground to 200-meah. 
Add lime or caustic soda until a distinct alkalinity remains permanent on agitation with 
water. Dilute to 3 parts of liquid to 1 of ore; add cyanide to give strength of 1% KCN, 
and agitate continuously for 72 hr; wash out on vacuum filter; titrate filtrate for cyanide. 
Wash residue on the filter thoroughly with water, dry and assay. With certain classes 
of ore it may be necessary to supplement this treatment by injection of compressed air 
before or during the agitation, and to wasli the final residue repeatedly by decantation, 
stirring, and settling each time before decanting, with or without vacuum filtration. 

VAriable conditions in cyanide treatment. If the ore proves generaliy suitable for 
cyanide treatment, the next points requiring investigation are: (a) fineness to which ore 
must be crushed; (b) alkali necessary for neutralization; (e) most suitable dilution of 
pulp; (d) strength of cyanide required; (e) time of treatment necessary; (/) whether to 
treat entirely by agitation, or to separate a portion for percolation treatment; (g) whether 
ozidisers or other auxiliary agents are necessary. 

Bottte agitation. Most of the above points can be ascertained by simple agitation 
tests in bottles along the lines of the standard test given above. These are conveniently 
performed by attaching bottles (glass preserve jars are suitable) to any revolving mechan¬ 
ism, placing the stoppers towards the center of rotation. Bottles may be protected by 
wrapping in cloth, or may be secured in wooden cases affixed to the wheel, and firmly 
pack^ to prevent slipping. Speed should be sufficient to give efficient agitation, but 
not BO rapid that the pulp is held against the bottom of the bottle by centrifugal force; 
about 20 rev per min are generally suitable. The following scheme may serve as a model, 
to be varied in detail according to circumstances. 

Fineness of crusldng. Make 6 bottle tests, using in each case: ore, 100 gm; solution, 
300 ec; lime, 1 gm; cyanide, 0.6% KCN. Crush an average sample of the ore to 20-mesh > 
and weigh out one charge of l()0gm for teat; then crush remainder toAO-mesh, taking 
100 gm for test; and so on successively to 60, 80, 120, and 200-meah. Agitate in bottles as 
above for 24 hr, test strength of solution and add enough cyanide to restore solution to 
its original strength of 0.5%. Continue agitation another 24 hr, make up strength as 
before, and continue agitation for a total period of 72 hr. Filter, wash, and assay residiw. 

Alkali strength. On indications of previous scries of tests, determine fineness to which 
the ore should be crushed. Supposing that nearly identical results are given with 120 
and 200-mesh ore, crush a sufficient quantity to 120-mesh, and prepare 6 identical tests, 
using: ore, 100 gm; solution, 300 cc; cyanide, 0.5% KCN. Add respectively the following 
weights of lime: 0.02 gm, 0.05 gm, 1 gm, 1.5 gm, 2 gm, 3 gm. Agitate simultaneously 
for 72 hr, and tost residue as before; also determine alkalinity and cyanide strength of 
final solution (see below). 

Total aridity of an ore is determined by agitating with an excess of alkali solution of 
known strength. For example, agitate KX) gm of ore, crushed, say, to 120-mesh, with 
200 cc of 1% NaOH solution, without cyanide. After 1 hr, titrate solution (without 
diluting) with standard acid, and calculate consumption of alkali. Sometimes compara¬ 
tive tests are desirable to determine whether lime or caustic soda is preferable. 

Dilation of pulp. Crush a sample of ore to fineness indicated by preceding tests. 
Add lime or other alkali, also as indicated. Make 6 tests, each on 100 gm ore, with 
the following vriumes of 0.5% KCN adution: 100, 150, 200, 250, 300, 500 cc. Agitate 
72 hr, maintaining strength at 0.5%; test final solutions for cyanide and alkali, and 
assay residues after filtering and waslung. Results will indicate the most desiralde 
dilution of pulp, assuming that the ore is to be treated by ai^tation, on the aU-sUming 
principie (Sec 33. Art 11). 

Stil^WMth of sritttion. Supposing that best results are obtained with a ffiluitimi *0! 

2 1 a series of 6 identical tests, with 100 tpn of ore, 200 co suLution, lA gm Ihne 

other amount %s previously indicated). Agitate contiimoualy for 72 hr, uring wdu* 
■akia* cequectively of 0.05, OJIO, 0.25, OA, 0.75 and 1% KCN strength. Teet finsi edutioas. 
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eslculEto cyanide eoneumption, and away reriduea after waahins and drjdnc. In oaee 
one or more of theee teats show all or nearly all of the cyanide to have been coneumedt 
it IS advisable to repeat the aeries, determining the cyanide strength at intervals of a^w 
hours, and adding suffident solid cyanide, or strong solution, to bring the strength ^ to 
the required standard. This is repeated until successive tests ^ow practically no former 
consumption of cyanide. Any solution drawn off for such tests should be replaced by 
an equal vdume of water, so as to maintain a constant ratio of solution to ore. final 
extraction, when the solution has been maintained at given strength, will often be much 
higher thim that obtained by a test in which most of the cyanide was destroyed early in 
the treatment. 

Example showing method of maintaining strength. Suppose 200 cc of 0.25% KCN 
solution originally taken; total cyanide contents = 0.50 gm. After period of agitation 
with ore, 50 cc taken out, after standing to settle clear, shows a strength of 0.19% KCN; 
remaining solution, 150 cc at 0.19% 0.285 gm KCN. Cyanide to lie added to make 

up strength 0.50 — 0.285 — 0.215 gm. Suppose we have a strong solution containing 
1.05% KCN; then 20.5 cc of this will contain 0.21525 gm KCN. Measure out 20.5 cc 
of the strong solution, dilute this to 60 cc with water, and add to the test. This gives 
200 cc, containing altogether 0.50025 gm KCN, or practically 0.2571,. 

Time of treatment. Assuming previous testa to show best result with 0.25% KCN. 
run testa with (say) 100 gm of ore, 200 cc of 0.25% KCN solution, 1.5 gm lime, stopping 
treatment successively after 12, 24, 36, 48, 72, or 96 hr. Test solutions and assay residues. 

It may sometimes be desirable to vary two or more conditions simultaneously. Thus, 
if a strength of 0.25% KCN gives the best result with 72 hr agitation, it does not neces¬ 
sarily follow that this strength of solution w'ill bo most advantageous with 24 or 96 hr 
agitation. Where facilities permit, a largo number of tests under varying conditions 
may be made simultaneously, thus shortening time required for investigation. 

Percolation tests. Whenever the results show a tolerably good extraction without 
extremely fine grinding, it becomes a question whether percolation would not be advan¬ 
tageous for at least a portion of the ore, and the following teat may be made. 

Crush (say) 20 to 100 lb of ore to pass 40-mesh. .Separate fine portion by hydraulic 
classification, or by repeated stirring with water, settling, and decanting. Drain the 
sandy portion as dry as possible, mix thoroughly, by passing through a coarse screen, 
and on an average sample determine moisture and value. Add lime to the remainder, 
in proportion determined by previous acidity tests, and charge into small percolation 
tank. This may be an inverted glass bottle with bottom cut off, a stoneware jar, or half 
of a small cask. Filter-bed is required, which may be a perforated wooden disk, or a 
framework of wooden slats, covered with thin canvas, or a layer of cocoa matting with 
canvas cover. The edge of the filter-frame must be tightly packed in with rope, waste 
or similar material. An outlet for the leaching solution is provided below the filter 
frame, the flow of liquid being regulated by rubber tube and serew-clip or pinchcock. 
Only a little space muat be left between filter-frame and bottom of percolator. Solu¬ 
tions are added at intervals, once or twice a day, in amounts of 0.1 to 0.2 times the wt 
of ore each time. A good plan is to begin with a weak solution to replace moisture in 
the ore; follow with strong solution, draining off and adding more until the whole charge 
is saturated with it; then add enough strong solution to cover the charge, and allow to 
stand, with outlet closed, for at least 24 hr. After this, a numtwr of washes of succes¬ 
sively weaker solution may be given, ending with a water-wash, not exceeding in weight 
the original moisture of the sand treated. Each solution should be drained off as com¬ 
pletely as possible before applying the next, to secure maximum extraction with mini¬ 
mum of liquid. The charge may be sampled at intervals with a sampling tube, taking 
care to got a correct average from top to bottom, and not to remove too large a proportion 
of the charge. If all the solutions drawn off are measured, and tested for cyanide and 
alkali, a very fair estimate may be made of the probable consumption of chemicals on a 
working scale. Finally, the entire charge should be emptied, thoroughly mixed, sampled, 
and assayed. A portion may also bo tested after extra water-washing on a vacuum filter. 

Aeration tests are generally made in small model tanks, imitating the construction of 
the Padiuca or other form of aeration tank. The regulation of air supply requires careful 
attention; if insufficient, aiptation is ineffective; if too abundant, consumption of chemicals 
may be ext^jsssive. It is instructive to compare results from aeration tests with tiiose 
from bottle tests made without aeration, but under otherwise similar conditions. 

Offier tests. A great variety of conditiona may occur in different ores, which may neesmitate 
SB elabwate leeeareh into such questions ns the necessity or disadvantage of prriiminary waM- 
wari>< add-wash, or alkali-wash, oxidising agmta, roasting, concentration, amalgamation, or otutr 
proesBB, shd the urn of additional reagento during cyanide treatment, such as bromoeyanide, lead 
salts, etc. These tests are not, however, in the general class of 6eld tests. WaTsn-waeiniro la 
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MdviEftbl* for pHtinlly oxidiaed on» oontainim iron or copper culphidWi ond aoxp wmhino ii also 
froquontly benefit^ uadw the same eonditionst particularly wbwe buio suIpbatM iosdidile ia 
wa^ are present. Alkau vasrbs may be advisable with arsenioal and antimooial ores. Onoxs* 
m^JoBNTs improve extraotion from certain ores containing easily oxidisable sulphides and certain 
kinds of organic matter; preliminary treatment with permanganate, with or without dilute sulphuric 
acid, is sometimes advantageous when these conditions are present. RoAsnvra is beneficial and 
sometimes essential with ores containing heavy sulphides, arsenides, sulphatsenides, tellurides, 
etc, but the cost of the operation, in comparison with the possible increased saving of valuable 
metals, should always be considered. Comcxmtbation is often advantageous when values are 
associated with sulphides or other heavy minerals, provided that the latter do not constitute too 
large a percentage of the ore. Amai.oamatiom should always be tried in presence of coarse Au and 
perhaps, also, of native Ag. Bbomocyamiox has been commercially successful only with tellurlde 
and with mispickel ores. 

Precipitation tests following bottle tests or small-scale field testa are not reliable, due to the 
minute amounts of precious metals to be handled. 

Consumption of KCN. In the past, assay of solutions for KCN, after dassifiaation, has been 
depended upon to give an idea of KCN eonaumption. But methods have been developed for 
regeneration of KCN, that return important amounts in excess of that obtained by precipitation 
of the Au and Ag. They involve formation and collection of hydrocyanic acid, and are not amenable 
to accurate field determination. 

Interpretation. Plant recovery will not generally be as high as that obtained in the 
preliminary test in strong solution, provided the ore is ground to same sise in both cases. 
But mill practice will probably permit use of weaker solutions than the best laboratory 
work, and KCN consumption will be smaller than is indicated; lime consumption in the 
mill may also be less. 

It is distinctly questionable whether the other tests outlined are justified as field work, 
because amenability to cyanidation is determined by the preliminary test, and testing 
on a larger scale than bottle tests is necessary before plant construction is begun. Besides 
elaborate cyaniding tests, other tests, on grinding, mechanical classification, thickening 
and filtering, should also be made. For detailed instructions for general cyanide testing, 
see Bib 24r-27. 


18. OTHER METHODS 

Leaching with different solvents is an important possibility in treating low-grade 
Cu ores, especially those in which much of the Cu is oxidised. 

For certain ores, water alone serves eib a solvent; others require chemicals, among 
which H1SO4, HjSO}, FeiSOi and ammonia are most promising. Leached Cu may be 
precipitated as metal, and floated, all in presence of the original pulp solids. ZnS ores, 
in form of fine concentrate only, can be leached with H1SO4 after roasting. Oxidized 
Pb ores containing Ag can be leached with strong acidified brines, but leaching has nowhere 
been commercially successful. Leaching of base-metal ores is not yet sufficiently stand-, 
ardized to permit of specifying methods of field testing. 

With copper ores, simple testa may be tried with dilute solutions; and, if these ipve ' 
high extraction, the details of precipitation and plant operation can probably be worked 
out Buccessfullv. For ores containing copper sulphides, aeration is important in the 
leaching reaction. 

Leaching applied to Pb-Ag and Zn ores ia not a matter for crude field testing. 

Volatilization is a possible method of treating ondised Pb ores containing Au and Ag. Ores 
should be free from aulphides. Amenability may be tested by grinding fine and roasting a small 
charge in a dish in a pot furnace at temperature of incipient fusion. A small amount of a chloride 
may be added, but it ia not generally ueceassry. Extraction ia determined by aaaay of tailing. 


19. FORMULAS FOR MILLING CALCULATIONS 

Notation. C wt of concentrate, expressed in any tinits, but neoessarily the same aa 
F. For use in these formulas, concentrate may be defined as any product of treatment of 
n ipven feed that contains more of a given ingredient than the feed. 
e ■■ assi^ of concentrate (see notes to /). 

' Co. Cbi Ce. See notes to /«, substituting ‘‘concentrate’* for “feed.” 

S « effic. This term is usually applied to two-product elaesifieation, indicating tho 
ratio of wt of classified material in overflow to wt of. classifiable material in the feed, 
jfeed, expressed in any units. Feed is the material entering for treatment in 
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/ « aoaay of feed, exproased in any units, as: %, os per ton, lb per ton, or doUan 
per ton, when the value is directly proportional to the wt of a Riven constituent, say Au 
or Ag, but not when it is the combined value of the Au and Ag, xmleas the ratio of jH^eir 
weights is the same in all products as in the feed. 

/a, /b, fet etc. When feed contains more than one valuable ingredient, assays are made 
of each, expressed separately ui the formulas, and distinguished by subscripts. 

K ■■ ratio of concentration, meaning the ratio of wt of feed in a given operation to wt 
of concentrate obtained from it; or, the tons of feed required to produce 1 ton concentrate. 

M wt of middling, expressed in any unit, but it must be the same unit as F. Mid¬ 
dling, in these calculations, is the product of the treatment of a given feed ermtaining an 
amount of a given ingredient that lies between those in the tailing and concentrate. « 
m ■■ eissay of middling (see notes to /). 

via, »* 6 , Me. See notes to /a, substituting "middling” for "feed.” 

R "• recovery, the percentage ratio of the wt of the soxjght-for ingredient in the 
finished product of a given operation, to the wt of same ingredient m the feed in this 
operation. The terms extraction, indicated extraction, estimated extraction and 
ACTUAL extraction are sometimes used to indicate recovery. I'ho terminology is so 
greatly confused that the moaning of none of the terms can lie safely as.sumi>(l witliout 
specifying the method of determination. Home writers have attempted to distinguish 
between extraction and recovery, making extraction mean the vaivio of R eompxited from 
assays of feed and products, and recovery, the ratio of the wt of metal in eoneentrato 
actually recovered (» actual wt of concentrate X assay of concentrate) to the actual wt 
of metal in the feed (■* actual wt of feed X a.ssay of feed). Others use the term indi¬ 
cated or estimated extraction to signify R from assays alone, and actvai, extiuction 
to signify the % of total metal fed that is actually recovered. 

r — wt of tailing, expressed in any unit, but it must be the same unit as F. Tailing is 
here defined as that product of treatment of a given feed which is distinctly impoverished 
in content of a given, ingredient as compared to the feed. 
t SI assay of tailing. (Sec notes to /.) 
fa, fb, te. bee notes to fa, substituting “tailing” for "feed.” 


Two-product formulas: 

C » F{/- 0 (c - f) - T(f-t) -b (c - /) 
r - F(c - /) -7- (c - f) - C(c - /) -5- (/ - 0 
A - (c - f) -7- (/ - f) (3) 22 « 100c(/ - f) -7- /(c - 0 


Three-product formulas, one metal: 

^ F(f-t)-Mim-t) 


M 


(c — f) 

F{f - 0 - rtc - i) 


C(e 


(to — 0 

to) -f- F(m — /) 


(to — t) 


Tim — f) — F(m — f) 

m - . . ■■■ . . . 

(c — TO) 

F(c - f) - Tie - f) 

(C — TO) 

Fic- f) - Mic - TO) 
(c - f) 


I Ac - i) Ffic - 0 J I fic- TO) 


K - 

If F is taken >■ 

R - 

and i 


Fic - i) 


Fic — to) 


Fif - 1) - Af(TO - t) 

1 : 


r(TO - t) - Fitn - f) 


100 


\ f) ICfic - f) + Mfim - 0 J 


Cic - f) -H Mim - 0 
Cif -t)+ Mif - 0 


Ttim - f) 1 
Ffic — to) J 


Tbrea-prodnet formulaa, two metals, a and b: 

. ^ « j, R/a ~~ — fb) ~ f/b — mb) imp — /o) 1 

L(Ca — «a) (w>b “ fb) ~ (Cb — »»b) ~ fo)J 

JU m p ~ ~ ~ ~ fb) (fa ~ fg^ 

.(Co nia) (toj — tb) — (Cb — mj,) (wo — fa). 
J, ^ _ (Cg — TOg) (mb — fb) — (Cb — mb) (»Wg ~ fa^ 

"" .(Cb — TOg) {mb — tb) ■“ (Cb ~ Wb) (»*o — fa).. 


( 1 ) 

( 2 ) 

(4) 

(5) 

( 6 ) 

(7) 

( 8 ) 
( 9 ) 

( 10 ) 

( 11 ) 


( 12 ) 

(13) 


(14) 
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In formulas (12), (13), (14), 0 « wt of eoneentrato rich Ut motal *‘a,” 
ooneantrate rich in metal *' b." 

(«« — ma) (mi — ti) — (a — «6) (»»o — faf 


JTfc- 


i*.- 


Jtb~ 


(fa — wi«) 

(wit — 4) 

- Uh 

- W4) (wio - 4) 


(Co — Wlo) 

(mt — 4) 

- (ct 

— wit) (wia — 4) 


1 

1 

- (ct 

— fh) (fa — 4) 


lOOCaKfa ■ 

- Wlo) (wit 

-4) 

— (fb — Wit) (wio 

— 4)1 

/al(Ca — 

Wlo) (mb — 

4) - 

(ct — wit) (»»a “ 

■ 4)1 

lOOmtlfcte 

- fa) (fh - 

- 4) - 

- (ct — fb) (fa — 

4)1 


and M m wt dl 


( 16 ) 


(16) 


(17) 


(IS) 


/fc[(co — Too) (wit - 4) — (<6 — wit) (wio “ 4)1 

Foor-prodnct formula. Let O, S, M, T be the products, their assays in 3 metals, 
a, b and e being; Ca, <%, Ce; «a, <t, ^c; wio. wtb, wte; to, 4, 4. If ^ be the feed, assaying 
fe/t /t, and 

■(*«-“4) (WIa“/o) (4—»*t) — (4—wio) (Se--4) (mh—Jh) + (wit—/t)(4—Wte)(«o—4) 




.(*e—4) (wio—Co)(4—wit) — (4—Wlo) («e —4)(»lt—C6) + (wit—Ci) (4—Wle) («a—4) 
— (wio—/o) (4—Wle) («t—4) + (4— w»o) (st—4) (wif—/c) — (4—wit) («o—4) (wic—/c)1 


(19) 


— (wio— Co) (4— Wle) («t—4) + (4— Wlo) («6— 4) (Wle—Ce) — (4“ Wlfc) (»o- 4) (wie—Ce) . 
Formulas for 5, Jif and T may be written from Eq (19) by symmetry: S ■« F(X + ¥), 
in which X is obtained from the numerator of Eq (19) by substituting / for a, wherever 

Fsfd; F,.f, 




fu 


Orindtr 

\ii£ 

Cla$$ifi$r 

Sand; T,t Owrflow; C,e 


Cnuhar 



r• 1 

Cla$siftar 

Ouerflow; C,e 


Senea 

Ovaniit: T.t Undersize; C.e 


B 


Screen 

Oversize. TJ ftg 

Crusher 


Fig 5, Typical Cloeed Crushing Circuits 

the latter appears, and e for /. Thus the first term of the numerator becomes 
(/e — 4) (wi« — Ca) (4 — mb ). By similar substitution, the first term in formula for ilf is 
(se — 4) (fa — Co) (4 — /t): for T it is (a* — fe) (wi* — Co) (/t — wit). In all cases, f 
is the same as the denominator of Eq (19). 

Warning. Results from these equations may be aeriously in error due to small 
inaocurades in sampling and assaying, or even to the inaocuradeB inherent in slide-rule 
calculation. For discussion, see Taggart, Handbook of Mineral Dressing. 

Classifier efflciency, E - Z f (20) 

TiMumges in milling circuits may often be determined by appljring the two-product 
formulas. Fig 5 shows 4 typical closed-crushing circuits. 

^gfc - 0 
fc-t 

Fa( e — t) _ jp Fg(c — fe) 


In Fig 6 (A). Fc - 
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in Fig 5 (£), 


F«(c 
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F«- 

Fb-C^ Fb 
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+ fa 


F. 

+ Fc * (c - 

fa 

Faift 
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/b 

— fc 


Fa(c 

-/•) 


fc 

- t 


Faie 
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Fb - Fa 


Mfb 

— c) -f- fb{c — 



fb — t 


c(/r ■ 

- 0 


efe - 

■ ffa 



Fbifb - 
c — t 


Fbie - fb) 
e — t 




Specific grcTity aesey. When an ore is a mixture of two minerals only, or of one 
useful mineral and a mixture of gangue minerals the relative proportions of which are 
substantially constant, rapid approc assays may be made of a mixture of usefiil mineral 
and gangue by determining the sp gr of the mixture, provided the individual sp gr of 
useful mineral and gangue are already known. 

The usual method is by use of a sp-gr flask. Weigh the flask empty and when full of 
water. Dry it, introduce the ore sample, weigh, fill with water (taking care to remove all 
air bubbles) and again weigh. In centimeter-gram units, if » sp gr of ore, Sm of 
mineral and Sg of gaitgue; F ■■ wt of dry flask, W ■■ wt of water to fill the flask, O » 
wt of dry ore, and T - total wt of flask -|- ore + water; then the wt of water required 
to fill flask with ore in it — T — (O + F) volume of water in the flask, and volume of 
ore in flask W — [T — (£) + f)]. 

" F + W + O - T 

If m ■■ % of mineral in ore » wt of mineral per unit wt of ore, then 

Cyanidation. Let F, wt of feed ^ 1; C = wt of concentrate (if made), 7* « wt of 
tailing from concentrating ( = F, if no concentrate is made), d. — wt of sand feed, B » wt 
^me feed, X wt sand tailing and T = wt slime tailing, all expressed as decimal 
parts of F; and /, e, t, a, b, x and y = respective assays of above products, then, 

F - C -f r (34). T ~ A-hB (35). / - cC + <7 (36). Tt - oA -h bB (37) 


c — t 


Substituting: 


c- / 

e — I 


t - 6 
a — b 


(e — f) (t — h) 

(c — 0 (a — b) 

® /1 


(e — /) (I — a) 
(c - 0 (b — a) 


c(f - /) + - i l(f - b) (o - x) - « - a) (b - v)] 

*- ^ - (43) 

f(c — f) 

Pulp cossistancy. Let p = % solids = wt of solids in unit wt of pulp; D » dilution 
" water-solid ratio = parts water, by wt, per part of solid, usually written like 6:1; 
B sp gr of dry ore; d sp gr of pulp; then, 

2 + 1 — p • g (44). d " -5-r: (45). p 


dp 

i-d(i- p) 
(4». 

* + 3 


S - P(B - 1) 
p 

5TT 


S-d 
S(d - 1) 


1-1 

P 


d(S - 1) 
(48). 
d 

Did - 1) 
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II Z m SOUS FACTOB m ton SOlid per FLUID TON (« 32 cu ft) pulp; O m fluid ton 
pulp per ton dry eoUde; and fl % solids by volume; then, 


G 


Z 

1 

9 

Z 


pd ■■ 


1 ^ 

pd 


D + 1 
P + 1 
d 


S - 
(53) 


pS S S(d - 1) 

p(6' - 1) " PS + 1 “ S - 1 
Z d - 1 ' p 

®“S “S - 1 " S-p(S - !)• 


(62) 

(54) 


Countiag assay. If all particles are practically of same shape (that they are of 8u1> 
stantially the same intermediate dimension has been assured by sizing), the volume 
percentages are equal to the number percentages. If there is a distinct difference in aver 
shape of particles, the number percentages must be adjusted by factors expressing relative 
volumes of the mean shapes, in order to get volume percentages. If o •■ % by volume 
of mineral in sample => volume per unit volume, and Sm and Sg <■< sp gr of mineral and 
gongue respectively, the % of mineral by wt is 


m 


vSn 


v(.S„ - Sg) + Sg 


(55) 


mSt 


mSg + iSfl,(l — to) 


(56) 


Note that these formulas are applicable to the case of mixtures of solid and water, in 
which case, if m and v are taken as percentages of solid, Sm is sp gr of solid and Sg ■■ 1. 
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SELLING, PTOCHASING, AND TREATMENT 

OF ORES 


Introduction. This aectlon deals briefly with some of the metallurgical problems relating to 
the disposal of ores after they have been mined, and which are of interest to mining engineers. 
An understanding of the terms used in buying ores, and reasons for same, are of prime importanoe; 
often maJdng it possible for nunera to sort and classify ores so as to obtain max return on a fixed 
or given schedule (17-23). To cover the subject thoroughly would require citation and discussion 
of numerous schedules, which would be out of place here. 'Ihe schedules and forms given will 
clarify the text. 

When an ore is of constant character and value, as is common, for example, in case of iron and 
Mnc, fixed and definite terms can be formulated for sale or purchase. But, for variable or complex 
ores, special terms and quotations are necessary, which are sometimes difficult to comprehend. 
Most non-ferrous reduction works receive heterogeneous ores, involving more or less complicated 
schedules and terms of settlement. Moreover, as local conditions in dilTerent ore-producing centers 
fittm vary widely, schedules applicable to one district may require radical modification in another. 
Rates are seldom intentionally made complex, but m certain cases it must be admitted that they 
could be simplified, for readier comprehension by small shippers. Note. —Due to varying local 
conditions, and governmental regulations of monetary values, exact prices and rates of general 
application can not be given. Figures on following pages are a fair average over a long period of 
years (except where dates are given), and will serve as a guide for the seller. 


1. TREATMENT OF LEAD AND COPPER ORES 

Smelting operations: (a) roasting the ore, if necessary; (b) furnace treatment; (e) 
refining the metailio product from furnace, and treatment of by-products. 

Products of smelting Pb-Ag ores; utAO nunuoN (shipped to refinery) and riao (waste). 
By-products; mattb, artificial sulphide of a metal or metals; bpbiss, artificial arsenide of 
Fe, rnuB dust, cottrell, and bao-bousx fume; these are retreated to recover metals. 
Products of smelting copper sulphide ore: copper-iron matte, converted to buster 
COPPER, which goes to refinery; bulq. By-products: speibb (seldom produced), FU?a 
DUST and fume. 

Cost of each treatment step must be considered in fixing the terms for purchasing an 
ore, and these costs vary with local conditions at the smelting plants. 

Mine managers should reidise in a general way, the complicated processes necessary 
to extract metals from ores, and prepare them for market (see Fig 1 and 2). Low-grade 
ore is often concentrated before being smelted, to eliminate worthless, and/or undesirable, 
gangue, thus reducing cost of subsequent treatment. High-grade lead and copper ores 
can be smelted direct. 

The sale of small lots of ore while a mine is being developed is of advantage in providing 
funds for the work. As it is impracticable for the smelter to treat small lota of ore eepa* 
rately and pay for the actual metal recovered, the only alternate for the custom smelter 
is to purchase the ore outright and settle for it on basis of the analysis as determined by 
sampling and asaajring (23). (See Sections 29 and 30.) This is especi^ly true (rf ores 
oarrsring Au, Ag, Gu and Pb. 

Gold ore and silver ore containing little or no Cu or Pb are often treated by the cyanide 
process (Sec 33). Zinc is recovered from high-grade ore or concentrate by distillation m 
a retort, or by dissolution and electrolysis. 

Many plants now roast ore so perfectly that no matte is produced in lead blast fuxnaoes. 
The small amount of Cu in the charge passes into the base bullion, and then into the 
droanng kettle. Dross is treated in a reverberatory, the products being: lead bulUon, 
sent to refinery; copper matte, to the copper smelter; speiss, back to ^e Mast funmoe; 
slag, to waste. This practice often eliminates the copper-matte blast furnace from tike 
wdunpe and increases ^reot production of lead bullion. 

funeral basic costs at large plants, per ton of charge, aie. for lead smelting, esduaive 
of jeasting and sampling, $3-$6; for copper smelting under the same conditions, $2-$3. 
. Osrresponding costs per ton of lead- or copper-bearing material alone are almost always 
' Itifllwr, due to induBion of barren flux in t^ charge. For refining lead bullion, 
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per ion; for oonverting oopper msttoi about $10 per ton of blister oopper ptodueed; for 
refiniiig oc^per buUion, $15—$23 per ton of oopper cathodes produced. Costs at 
plants are muoh hi^ier than for large. Interest and amortisation ahrajv Im 

included. 


COPPER ORE 



Cakes and Ingots 

Fig 1. Scheme for Treating Copper Ores. 

Rote 1* Formerly ip the U S copper ore was almost always smelted in blast fomaoea; 
later, both blast and reverberatory fumaoes were used. Now (1938) ropper OrO a^ 
ooncentrate with few exceptions are smelted in reverberatoriee; a practira due Ivgriy 
to inoreaes in amount of fine concentrate produced and to more economical ha ndling . 

Note $. Metals of the platinum group contained in the gold are recovered by eleo- 
trolydB. 

Jdelsl loasaa in smelting and refining. In ubad orb, loss of Pb vanes from 4 to 15%, 
dap nil dipt upon percentage of Pb, and upon whether refractory or not. The lower limit 
ia fjoc a diarge carrying about 40% Pb; the higher, for a charge carrying about 1(^12% 

Pb. Cwpta lose inleadBpeltingsomettoes reaches 80%, aa the amount of Cupermisdl^ 

ia a miBtura ia limited. In smelting coppbb orb, the loss varies witli tba 
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percentage of Cu, but the recovery is always much higher than witii lead. Loss in ilmvn 
is small, only abwt 2%, uiUess conditions are abnormal. Loss in aou> is sm a l l, and is 
liot usoidly considered. 

LEAD-SILVER ORE 


Oxidised Ore 
low Sulphide Ore 


Sllldoas Ore 


Fluxes 


Sulphide Ora 


ROASTING FURNACE 
Roasted Ore Coke 


Air mast 




Dressing 

Kettle 


Slag Foul Slag 


ROASTING 

FURNACE 


Lead 

Bullion 


Briquettes 


To Waste 


CRUSHED, ROASTED 
AND RESMELTED 


To Refinery (Note 1) v 

Roasted Matte Fluxes 


BUST FURNACE 


Air Blast 



Fig 2. Seheme lor Smelting Lead-eilver Ores. 

Bote 1. At the refinery the lead bullion is desilverised, the products being refined 
lead, silveir, gdd and antimonial lead, if, as is tisual, the ore charge oontaiiu antimony. 
If bismuth is present in refined lead, it can be recovered by an electrolytic prooeag. 

Note 1. ^ster copper, if is produced, goes to the copper refinery, for treatnent 
in the reverberatory an^e>oasting furnace (Fig 1).* 


8. RALB and purchase OF LEAD AND COPPER ORBS 

Principal gneationa relating to sale and purchase are: (a) freight rates; (b) method of 
sampling; (c) composition of the ore; (d) fluxing requirements to produce a satiafaetory 
riag, and available fluxes at the smelter, either in form of barren material or o^er c l aw a a 
of <oce; (s) value of recovemUe metals; (/) influence of impuritiee contained to the <ae; 
(f) ooat ^ treatanent asul refining; (h) metid losaaa ooouning in treatment; (s) interest on 
value of tied up during treatment, and eoramiswon ft» sdltog metalla; if) t a wna of 

Hl^imieot: (k) baae charge; (f) toterori md amortisation on plant. ' 
















BALE AND PURCHASE OP LEAD AND COPPER ORBS 32-05 

ehargM from mine to redtiction works vnry witk: (a) diatnnoe; value of 
ore; (e) tonnase handled. Custom plants usually pay the frei^t from %be to their 
works, the raount being included under fbciokt and THKATr«NT. Freight rate on hi^- 
grade ore always exceeds that for low<grade, because of the extra responsibili^ 
m transporting more valuable material, and to stimulate production of low-grade ore 
thereby increasing the railroad’s business. Shipping ore should be as dry as possible; 
■m e lti n g returns are on dry ore, and dripper pays freight on moisture present. ' 

Ores and concentrates are usually transported from western mining districts to the 
nnelters by HR or trueks. When the quantities are large and rliatAnoe s long, HR trans¬ 
port is the cheaper. For small lots and short distances, trucking may be more economical. 
Also leas- t ha n -carload lots can usually be shipped cheaper by truck than by rail. 

Gardner (26) summarises the coat of tnicki)^ regular tonnages over good dirt roads, 
when trucks can be steadily employed, and with no shoveling in or out, in conditions 
existing in gt^-mining districts in N W Aria and Calif in 1935, as follows: 

When shipments are made by 
rail, a base rate for low-grade ore is 
quoted, an increase being made for 
regular increments in the ore values. 

Aver base rate on western RRs is 
about Ifi per ton-mile (1937). Rates 
for large tonnages of low-grade ore 
are as low as i/jfi; rates on branch 
RRs may be 2^ or more per ton-mile (27). 

Sampling. For methods, see Sec 29. The moisture sample must be carefully taken, 
especially in wet or snowy weather, and, as nearly as possible, at time of weighing the 
ore. It should be dried at not over 212“ F, otherwise water of crystailisation may be 
driven off, which is not moisture within the scope of the present definition and the shipper 
thereby loses weight in settlements for ore. Final fine-pulp sample is usually divided into 4 
parts, each placed in a sealed envelope and marked for identification. One sample is 
used by seller and one by purchaser, to determine the value of the ore. If these determina- 
tiohs agree within certain aPLrrTr.NO umits, provided by agreement, the average is taken 
(Sec 29, Art 11); otherwise, the third sample is sent to an umpire, the fourth being held 
for emergency use of seller, purchaser, or umpire. The seller or shipper should always 
have a representative at the smeltery, to watch the sampling, and receive duplicate samples. 

Chemical composition. Determinations should be made for: Au, Ag, Cu, Pb, Zn. 
SiOs, Fe, AUOi, CaO, S; sometimes for MgO, Ba, As, Sb, and other substances. The 
analysis reveals the gangue constituents, and indicates whether the ore is self-fluxing, 
ailioious, or basic. A typical analytical smelter report is shown in Form 1. 

Form 1. Tacoma Smelter, A S A R Co 

Taconm, Wsshington 191 

Msterial 

Smelter lot Mine lot Date received 


Car or veaeel Entry No _Dated 


Gold quotation 

Silver quotation 

Foreign 

Copper quotation 
Domestie 


Date 

Date 

Date 

Date 

$ . per OB 

Less 

Leaa 

Leas 


Pb Zn As Sb Ni Bi Sn Fe SiOi CaO 8 Cl 


Aeeaye * Contents 

Lot No Wet Dry « * ■ , >■ - » .—*■ .. 

No tiacke ' weight H^O weight Au Ag Cu Gold, o« Silver, oi Copper, lb 


Distance, 

miles 

Aver cost 
per ton-mile 

Distance, 

miles 

Aver coat 
per ton-mile 

up to 1 

$0.35 

5 to 10 

$0.09 

1 to 2 

.22 

10 to 20 

.04 

2 to 5 

.12 

20 to 100 

.05 


(Space of 14 lines) 


Rottee: If not advised to the contrary within.days from date we will aaaume the returne 

we satisfactory. All prices on ore, not under contract for a specified tine, areeubjeet to dtame witb- 
ont aotioi. An aAd irionai eharge ot $10 per lot. for samplii^ and anaytug, will ba made on all lota 
of less'tlian AtonS, a raaaonable siae sample will be fadd for a period of 30 days. 
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F«w ores are aetf-fluaang; they are luually dther nlidous bade. If aOioicKu’, bade 
material ii added to the furnaoe charge; if bade, eilidoue material is added.^ As most oi 
the ore mined in many regions is sUidous, bade ore commands a premium,'and silidoue 
ore ie i>enalised. The aim is to make a self*fiuxing mixture. Allowances for Fe and CaO, 
and the penalty for SiOi, are such that they offset each other when the ore mixture is cal¬ 
culated to produce proper slag. The smelter is supposed to obttun no advantage from 
this system of premiums and penalties; in practice the results may be slightly in his favcHr. 

Fltuse. For proper fluidity of slag, certain percentages of the silioates of FeO and 
CaO must be present. In copper smelting, dag formerly contained more aiUoa in pro- 
potion to bases than in lead smelting. Now (1938) the difference is slight; in some oases 
lead slag is even more dlicious than copper slag. In making up a smelting mixture, 
CaO usually costs 6-10^ per unit, and Fa, 8-14yl (a unit is 1% of a ton, or 20 lb for a Aort 
ton); but prices must be accurately known for any given region. The charge tor 810s 
is sufficient to offset payments for Fe and CaO. Penalty for dlidous ore may to returned 
as bonus for Fe and (or) CaO in basic ore. 

Example. If smelter pays per unit for CaO and 10^ per unit for Fe, the charge for SiOj is 
determined as follows: Cnmpceition of slag desired, 36% SiO|, 36% FeO(B28% Fe) and 19% CaO. 
Coat for 28 units of Fe at 10^ $2.80, 19 units CaO at ■■ $0.96; total $3.76, which is the cost of 

fluxittg 36 units of SiOj; whence, the penalty per unit of SiO, » 10.4^, say 11^. Under these 
conditions, CaO is paid for at 6^ a unit, Fe at 10^, and SiOj is charged for at 11^ per unit. 

Fe is usually obtained from special ores containing a large Fe excess. But CaO occurs 
to such a limited extent in moat ores that it must be secured by smelting barren limestone, 
quarried as near the smelter as possible. 

8. VALUE OF PRODUCTS; INFLUENCE OF IMPUBITIES 

Value of recoverable metds is determined by analysis and assay of the samples (Art 2). 
The prindpal metals in smelting ores are Pb, Cu, Au and Ag. 

Pb and Cu are reported in percentages. The value of Cu is determined by the standarc 
quotation per lb; of Pb by the quotation per lb or unit. Au and Ag are reported in Tro} 
os per ton of 2 000 lb; their values are now (1938) regulated by the Govt; terms are given 
in Art 4. In determining the value of Cu, Pb, and Ag, it is specifled that the quotation 
used shall be that of a certain date. The buyer usually pays for the ore at once, making 
allowance for the time he has to carry the values in the ore. Sometimes it is specified that 
the quotation used shall be that of a certain number of days after settlement of assay 
(30, 60, or even 90 days); during which period the metals may be recovered by the smelter 
and sold at apprommately the price that is pud for them. 

Influence of impurities has an important bearing on the value of an ore and upon the 
price paid for it. If the imptirities are small in amount, they receive no attention. But, 
if there ie possibility that the ore contains impurities to an extent that will interfere with 
reduction and i^oovery of metals, {wnalties are imposed. 

Principal Impurities. Suu>hub in copper ores is not detrimental and is not penalised. 
But sulphur in lead ores, if above a certain limit, makoa roasting necessary. As this 
increases treatment coat, on ore containing more than say 3% S is penalised on the basis 
of 15 to 2^ per unit in excess of that amount, up to a maximum of $2.50 per ton. Zinc, 
especially os blende, creates irregularities in smelting; part goes into the matte, part into 
the slag, making it pasty, and part is volatilised, causing trouble in the fumaoe, and 
increasing silver losses by volatilization. The usual limit is 8% Zn; at some smdters, 
all in excess of 5% is penalised. The charge for excess Zn is 15 to 50fl per unit. Abbcmio 
is usually penalized in lead, and frequently in copper ore. With lead, it forms bpbibs 
(Art 2), a troublesome by-product difficult to retreat; with copper, some of the As is 
reduced in the bullion,'increasing refining cost. Antimony is also troublesome, but less 
so than As. In refining lead bullion from smelting Pb-Ag ore, part ot the Sb is reoovmed 
us antimonial lead. Bismuth is objectionable, not being removable in ordinary refining 
and is found in the refined lead. It can to removed only by electrolysis. PuNuimm for 
impurities vary greatly, and exact figures are impossible. In lead smelting. As 4- Sb -|- Sn 
in excess of 0.6 to 2 units are often penalised at 50^ to $1 per unit. Bi is usually penalised 
at 50fi pw lb or fraction thereof in excess of 0.1% of the lead content of ore. 

4 . TERMS OF PAYMENT FOR METALS 

Xa purchasing any class of ore, idl the points stated in paragraph 1 of Art 2 must to 
aOMidered. From (e) is found the value of ^eco^'erable metals, and ITom (j) the amount 
paid for them, the difference being the maboin on mbtaU. From (e) and (d) result tto 
premium or pcmalty for bane or ailieiaus ores, and from (/) the penalty for impurities. 
Cost of treatment (g) and loeses of metals <k) are determined from reoorda and experienee 
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in i3in noadting plant. ^ A base <^taitte (ft) is then fixed by considering all the costs and the 
m a rgi n on metals, adding to the margin a charge that will give a total equal to all the costs, 
plus profit desired. Thus the greater the margin on metals the less riie base charge needs 
to be, to secure a given profit. The base charge, therefore, is an arbitrary figure, acting 
as a balance wheel. 

Gross value of an ore to the smelter is the toted metal content, at prices for each con¬ 
stituent arrived at by taking market quotations and deducting from them the cost of 
freight, smelting, refining and metal losses. The term qboss maboin means the difference 
between total value of the metals present and the amount paid for the ore; it covers all 
operating costs, losses of metals, and profit (1). 

Gold (typical terms): none paid for if less than 0.0.^ os per dry ton. If 0,03 os or over, 
entire content paid for at “contract price” as follows: on old standard price for gold, if 
less than 1 oz per dry ton, $19 per oz; if 1 oz or over but less than 5 oz, $19.50; if 6 oz 
or over, $20; provided that under the conditions stated in the "Gold Schedule” USAU-A7 
(obtainable from the Govt or ai^ large smelter), whenever in any calendar month the 
“realized price” as defined therein exceeds $20.67 per oz, payment is made at contract 
price plus 90% of such excess; and, whenever in such month the "realised price” is less 
than $20.67 per oz, then the realized price is paid, less S%. At present Govt price 
(June, 1939) these terms are equivalent, for 0.03 oz or over but less than 1 oz per ton, to 
^1.818 per oz; for 1 oz or over but less than 5 oz, to $32,318 per oz; and for 5 oz or over, 
to $32,818 per oz. As there is little or no loss of Au in ordinary smelting operations, the 
difference between value of the Au and amount paid for it more than covers the carrying 
interest and losses, and therefore adds to the margin on metals in the ore. 

Silver (typical terms): none paid for if leas than 1 oz per dry ton. If 1 oz or over, 
entire content less 5% or 0.5 oz per ton (whichever deduction is greater) is paid for at the 
aver of Handy & Harman N Y silver quotations for the week of delivery at smelter. 
But if the silver is qualified for delivery to U S coinage mints, as provided in the “Silver 
Schedule” (USAG, obtainable from the Govt or any large smelter), then, subject to 
conditions stated theiein, the seller shall receive the aver Handy & Harman N Y silver 
quotation or the “Mint price,” whichever is higher on quotation dates. Handy A Harman 
price (Apl, 1938) was 42.75fi per oz and the Govt price for U S Silver, 64.64ff. Usually 
more Ag is recovered in smelting than is paid for, the difference adding to the margin on 
metals, as for gold (10). 

The “Gold” and the “Silver Schedule” (USAU-A7 and ITSAG) are complicated, but 
the above summaries give a clear idea of what may be expected. 

Lead. Many different payment schedules are in use, the most common deducting 
1.5 units from the wot lead assay and paying for 90% of the rommnder at some current 
published price, less freight to refinery and refinjng and selling charges. A Pb content 
of less than 5% is rarely paid for. The assay deduction is supposed to cover smelting 
loss and in maki n g it the variation in Pb content does not affect subsequent terms and 
conditions. Charge for freight, I'efining and selling may be about $30 per ton or 1.6^ 
per lb of lead bullion. Example: an ore in Colo containing 21.5% Fb, the puldished base 
price at N Y being 0^. Then 21 5, less 1.5 units assay deduction, is 20 units Pb, of which 
90% or 18 units (360 lb per ton) is paid for at 6ff, leas 1.5f! for freight, refining and selling, 
or 4.5jS i>er lb. Net return to seller for Pb, 360 lb at 4.6^ or $16.20 per ton ore. For old 
local schedules, see Bib 1, 6, 10, 13, 14. Moos or assay (Sec 30). Wbt assay is exact, 
preferable for seller and now alvrays used. Dby assay (by fire) is usually lower (by 
1 % to 2%) than wet assay, and is antiquated. 

Copper was formerly paid for on basis of the dry or Cornish assay, estimated at about 
1.3 units less than the amount of Cu in the ore. This difference was supposed to cover 
loss of Cu in old methods of treatment. This assay is now seldom used, Cu being paid 
for on basis of the wet (electrolytic) assay, less a certain percentage (usually 0.6 to 1 unit) 
to cover assumed treatment loss. With present methods, this loss seldom reaches 1.3 
units. After making deduction, remainder of the Cu is paid for on basis of N Y quota¬ 
tion (^ per lb), less amount taken to cover cost of smelting, refining and trwting, for 
bringing the Cu to merchantable shapes. The deduction (cts per lb) for Cu in on sent 
to a lead nnelter is much greater than for ore to a copper belter. (For aver prices of 
metals, see Sec 25, Art 13). 

These terms seem complicated and the question is often asked, why should not all ore 
be purchased with an outright and specific base charge? The reaMn is that, if the terms 
of payment for each metal do not allow for treatment losses, variations in grade of ore 
will materially affect reduction cost and losses. Then, if no allowance were made for the 
Pb lose in qpo*ing for Pb, the base charge would have to be much higher for a rich than 
for a poor ore, and it would be difficult to frame a sliding scale to fit all conditiema. Exoes- 
•Ive allowances are often made for losses, but if proper toms are used Ae miner suffers 
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no harddiipt piioe the andter can name a lower charge than would otherwiee be poadble 
(6. 7, 8. 16. 23, 25). 

latereet and commieaioa are relatively .email items. When ore ia paid for at time 
of settlement of assay, interest ia allowed on the value of metals, for say 30, 60 or 90 days, 
depending upon how soon they can be recovered. But, if the metals are not paid for until 
sufficient time is allowed for their recovery, no interest charge should be made. Com¬ 
mission for selling is usually allowed for in the net price received for refined metals. 

Base charge. After arranging terms of pajonent for metals, premiums or penalties 
for character of ore, and penalties for impurities (Art 2, 3), a base charge is made. This 
charge, with other allowances, covers cost of smelting (and roasting, if necessary), treat¬ 
ment of by-products, freight on metals or products, refining of metals and profit to smelter. 
The base charge is sometimes less than smelting cost, in which case the margin on,metals 
covers difference, and furnishes the profit. 

Problem hi ore-imrcliasing. Asaume an ore containing: An, 1 os; Ag, 20 oa; Pb, 16%; Cu, 
2.3%; Fe, 30%; CaO, 3%; S, 16%; Si02, 12%; Zn, 6%. Terms which might be used for aueh an 
ore are: Au, pay for 100% @ •31.82 per Troy os; Ag, pay for 96% at say 66^ per os, for U S pro¬ 
duction; Pb, pay for 00% of wet assay less 1.6 units, at N Y prire, laas 1.6^ per lb (say 6^ less 1.6^ 

4 Vaf per lb) or 10.90 per unit; Cu, pay for wet aasay, less 1 unit at N Y price, leas a deduction (say 
14^ less 6^ ■■ 8# per lb); Fe, pay for at 10^ per unit; CaO, pay for at 6^ per unit. SiOj is penalised 
at 11^ per unit; Zn, if over 10%, penalized at 26^ per unit in escess of 10%, Base charge per ton, 
$2. Uaing these terms, the following statement results: 


Method of Cadculation 


Analysis 


Net amount paid miner 


Gold, I os 
Silver, 20 os 
Lead, 15% wet aasay 

Copper, 2.3% wet aaeay 


100% @ $31.82. 

95% @ 65(i per os. 

90% of assay leas 1.5 units @ 904 

per unit. 

leas I unit @ 84 net per lb. 


Total grosa value of 
metals at smeltery 


$31.82 

12.35 

10.93 

2.08 

$57.18 


$34.85 

0.65 

0.045 

0.08 


$34.85 

13.00 

13.50 

3.68 

$65.03 


@ 104 per unit. 3.00 


Iron, 30% 

Lime, 3 % | @ 54 per unit. 

Sulphur, 16% 

Lese SiUoa 12% 9 114 per unit... $1 

Zino 5%, no penalty. 

Baaeohu’ge. 2. 


.15 


321 


00 J 


$60.33 I 


3.32 


$57.01 


Gross margin 


$57.01 

$ 8.02 


Outoinne: Grose margin. 


$8.02 

Lead loss 10%.. 

1.35 

Iron 30% @104. 


3.00 

Silver loss 2%. 

0.26 

Lima 3% @ 54. 


0.15 

Copper loae 20%..., 

0.74 

Silica 12% @ II4 .... 

$1.32 


i^fit to amelter *.. 

.. 2.00 

Coat of roasting. 

1.50 




Cost of smelting. 

4.00 



$11.17 


* In tbia statement, interest, amortisation on plant, taxes, and expenstLoLhome office an not 
included, and may considerably affect the apparent profit shown. 


TUa atatement shom that tiie value of the metala at the smeltery ia 106.03, while the amount 
paid for them is $67.18, a difference of $7.86; which, deducting the Pb, Ag and Cu losses of $2.35, 
leaves $6.60 in favor of the purchaser. Though this is not an actual profit on metals, it enables the 
purehaaer to fix a lower base oharge; in this case, $2 a ton, which is much leaa than the cost of roasting 
and amdting. If the maripu on metala were r^uoed, the base charge would have to be oorreapond- 
ingly increased, to obtain the profit shown. 

For raaeona already given, it ia advantageous to allow for losses in quoting on metalB, and in ao 
doing tile asller suffers no ba^ahip. The premium paid for Fe and CaO, and penalty levied for 
u« oonsidered in the outcome. The ore, because of its Fe and CaO eontent, has an added 
value equal to the premium paid, and the coat of SiOt which must be fluxed, is oonsidered in treating, 
this exowB being tlto amount of the penalty for ffiOi in the purchase statement. When a deduction 
for Zn ia conaideted in the groee tnaripn, it might eeem that it should also appear in the outcome aa 
a eogt. But this ia difficult to arrange. Excess Zn increaaee losses and treatment coat, bttt the 
amoiint of inereaae for different dasaes of ore is not readily determined. For average ore, the loesee 
fend ooete are aaeertained from the metallurgical results, which furnmh the only true data (6,7,8). 

In oertain iomditiee, aa in parte of Colo, <h«o of uniform diareeter, havinc their ehtaf value hi 
Ac and Au, are aold on a viat BcnantTun no attention being givmi to ore eompoaltioo. Thie 
eehedule ia based on a sliding eeale, depending on value of ere (1). Treatment dierge on towgrede 
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an ia «ueh m U> ■timoUta its produetion; highar-grade ora can stand a hiid>ar eharge. l^a abarga 
for a Pb or Cu ora frequently decreases as the value increases, because: (a) an ora of high metal 
eontent makes less slag; (b) the Pb or Cu is a valuable collector for Au and Ag. 

Different forms are used for making ore purchase oalculatioas. Form 2 is comprehensive, and 


Marginal calculation for 


Owner 
Class of ore 

Baau of cost used that of 


Form a. Terms of Metidlurgical Treatment 

Contract No Plant 


_ Location _ 

_ Eat monthly shipment _ Tons 

193 Shipping station 


Au I Ag Pb fire I Pb wet Cu wet Insol StOj Fe 



AliOi Zn S A 


Quotations 


Date 

Au per os 

Ag per os 

Pb perfOOlb 

Pb (London) per 2 240 lb 


IT S equiv per 100 lb 

Frt & ins . 

N Y parity “ " " 

Cu W B per lb 

Cathode “ 

Sterling exchange 
Mexican " 

RAD deductions used 
Au per os 

Ag 

Pb per lb 

Cu 


Deductions 


Base charge 


Insol 

Zn 

S 

As 

Sb 

Ni 

Bi 

Bricking 

Freight charged shipper 
Switching “ “ 

Taxes 


Total deductions 


Treatment coat per dry ton (2 000 lb) 


Freight paid, if for plant account 

Switching. “ “ 

Frt on moiBtun “ “ 

Roasting: 

Sintering: 

Sulphur: 

Bricking: 


IbCu 9 


Smelting: 

Converting: 

Flux: Silica 
Iron 
lime 
Zinc 

Impaiities: 


Metal loss: 

Gold 

Caiver 

Le a d 

Coppdr 

Interest % O days 
Net cost of treatinent 


Payinenis 


os @ $ 


Silver: 


Copper: 


Total 

Lew deductions 
Net amount paid per dry ton 
(2 000 lb) 


Value per dry ton (2 000 lb) 
(U & D deducted) 


Gold: os ® per os 


Silver: os @ per oi 



Lead, domestio: 
Lead, foreign: 


Copper, domestie: 


Copper, foreign: 


Total value 

Lese amount paid for ore 

(above) 
Smelter margin 

Lese net coat of treatment 
Smelter outcome 
Depreciation 
General administration 

Net outcome 
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iadudH iQ ths ttopi required in determining ore or bnUion value, iwr ut n on promiuma 

and penaitiee, det^led for treatment ooete and 

6. SMELTER SCHEDDIES 

The Qovt action in increasing the price of gold, and of aiiver produced in the 17 8. 
has greatly stimulated the mining industry. There are now more small shippers of gold 
and aiiver ore and concentrate to the smelters than previously. TaUes 1 and 2 are lists 
of the principal smelting plants, and their purchase schedules. 


Table 1. Copper and Lead Smelters in Western States (ST) 


State 

Company 

Smelter 

Location 

Oree treated 

Arisona 

Phelps Dodge Corp. 

Copper Queen 

Douglas 

Gold, silver, copper, 
and lead oree and 
coneentratee 

Gold, rilver, and cop* 

do 

e 

do 

Branch 

United Verde 

Clarkdale 

do 

do 

Branch 

Morenci Branchial 

1 

1 

Clifton 

per ores and con- 
oentratee 
do 

do 

Magma Copper Co. 


Superior 

Miami 

do 

do 

do 

International Smelting Co (t) 


do 

American Smelting & liefin* 
ing Co. 

Hayden W 

Hayden 

do 

California 

do 


Selby 

Gold, aiiver, and lead 

Colorado 

American Smelting ft Refin¬ 
ing Co. 

• 

Arkansas Valley 

I.eadville 

oree and concen¬ 
trates 

Gold, silver, lead, and 

do 

do 

Durango plant fd) 

Durango 

copper ores and con¬ 
centrates 

Gold, silver, and lead 

Idaho 

Bunker HUl ft Sullivan Min¬ 
ing ft Concentrating Co... 

Bunker Hill 

Bradley 

ores and concen¬ 
trates 

do 

Montana 

1 Anaconda Copper Mining Co 

Anaconda Reduo- 

Anaconda 

Gold, aiiver, copper. 

do 

Nevada 

Teas 

Utah 

Amwican Smelting ft Refin¬ 
ing Co. 

Nevada ConiolidatedCopper 
Co. 

American Smelting ft Refin¬ 
ing Co. 

International Smelting Co W 

tion Worke 

i 

Eoet Helena 

McGill 

El Paso 

Tooele 

and sine ores and 
ooncentrates 

Gold, rilver, and lead 
orea and oonoen- 
tratea 

Gold, rilver, and cop¬ 
per oonoentratea 
and oree 

Gold, eilver, coppw, 
and lead oree and 
concentrates 
do 

do 

do 

American Smelting & Refin¬ 
ing Co. 

do 


Murray 

Garfield 

Gold, rilver, and lead 
ores and concen¬ 
trates 

Gold, rilver, and cop- 

do 

Wadiington 

U. 8. Smdting, Refining ft 
Mining Co. 

American Smelting ft Refin¬ 
ing Co. 

^ tr 

0 

e 

Midvale 

Taeoma 

per orea and con- 
centratea 

Gold, silver, lead, and 
rine orea. Zinc eon- 
oeatrates shipped 

Gold, silver,,and 
per oree and ooa- 
centrates (copper 
refinery) 


fttldle June 1936. • (t)A sobsidittry of Anaconda Copper Cq 




















Table S. Schedolea for Gold and Sihrer Ores at Lead Smeltera (July, 1936) (ST) 
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, ob£s 

* FOOTNOTES FOB TABLE 2 

* B«arm«it« on itolil ore basod on now jnia'lqwioo of 235 pw oa, (not Bi .•12S) 

* Papmenta on ailver u« baaad on now mint prioa for now Amenoan-miaad ora at M.4Md par aa 

* Payments on lead are based on M Y quotation for common dssUverised laad^ 

* Payments on copper are based on the Bng A Jf<a /our quotations 

* Leas a deduction of 1 l/2ii per os 

* Nothina paid for lead lass than 5% wet assay 

* Nothina paid for copper lean than l/s% 

* Add 10% to base ohuge for excess value over |25 per ton 

* 0.1% of wet-lead assay is free 
M Pay fat ad at 6^ per unit 

u Pay for all at 5e per unit, if 6% or over » 

» Add 10^ to base onarae for each unit of lead under 30% and deduct 10^ for each unit over 30% 
u Silioeous ore schedule for ores and concentrates havma excess of iron are identical, except 
tiiat treatment oharae is a flat $3 per tm - 
M Nothina paid for copper less than 1 % 
u No credit 

t* Schedule for aold concentrates 

Add IM per ton per unit of iron short of 25 units excess over insoluble 
IS Schedule for raude siliceous aold ore 
t* Add l0% to base oharae for excess value over #35 per ton 

*> 1384 scnedtde for irony ores and concentrates applies only to ores and concentrates eontainina 
20% or more of iron excess over insoluble 

*> Excess over insoluble, all at 10^ per unit, not to exceed 33 per ton 
** Crude-ore open schedule 

** When lead m over 94 per lb, deduct 25% of excess 
** When copper ie over 154 per lb, deduct 25% of excess 

** Pay for iron plus manaancee at 64 per unit, but credit is not to exceed eharae for ineoluble 
** All at 8£per unit, if 10% or over 

l^Add 25% of arose value to base treatment oharae, when value ia between 38 and 310 
** Add 10% of arose value to base charaa, whan value is between 310 and 350 
** 1934 ailiceouB-ore special fw ores with 60% excess insoluble 

*0 On direct smelting ores containing over 5 os gold per ton, price per os for the exoem will 
be left to mutual agreement between buyer and shipper 
No payment Tor lead undw 8% dry assay 
ts Minimum deduction 
** All at 64 per unit 

** Baaed on 30% dry lead assay. Debit 104 for each unit under 30% and eredit 104 for each 
unit above 80% 

** Midvale smelter reserves right to reject any shipment containing more than 0.1% bismuth 
** Lead ore open schedule 
On over 35 oi per ton, deduct 24 per os 

No payment for copper under 1%, or when quotation is 84 per lb or less 
** Baaed on 50% lead. Add 104 per unit when over 60%, and deduct 104 per unit when under 50% 
Penalty aptniee only to ore under 20% lead; no penalty for ora of 20% or over 
Silieeoue-ore open schedule: ores containing no lead, or under 5% for which no payment ia 
made Qead determined by wet method leas dsduotion of 11/4 units) 

4* Between 820 and ^6, 87 per ton; from 835 to 850, 87.50; frenn $50 to 875, 88; from 878 to 
8100, 88.50; over f 100, 89 per tm 


6. MILLING ONES (1) 

Tenns used in purohaaing ore to be treated by amalgamation or oyanidation (See 33) 
are oompwatively simple, the operationa being much lean complex than in smelting. 
The gangue composition is far less important, as there is no question of making a proper 
slag, and treatment losses are easily determined. The percentage of recovery of Au and 
Ag is leas fban in smelting, but the treatment cost is so much lower (especially in oyanida¬ 
tion) that many ores can be more Batisfaotorily milled than smelted. Au and Ag ore 
adaptable to milling usually contains but little Cu or Pb. 

The “Open Schedule,” given in substance in the 4 following paragraphs, is a good 
example of terms for treating milling ores and concentrates in western part of the U S 
(1238): 

Treatment rates per ton for ores and concentrates: of value not over $8 per ton, f2.S0; 
over $8 but not over $10 per ton, $3; over $10 but not over $15 per ton, $4; over $15 but 
not over $20 per ton, $4.60; over $20 but not over $40 per ton, $6.50; over $40 per ton, 
$$. Addition^ chargee: for sampling any lot of less than 10 ton, dry yft, $5, and ddppsr 
pays for umpiring or check assaying; for re-sample of such lot, $5; when more than one 
lot is shipped in a car, $2.50 per bt; if ore is sacked, 10^ per ton; if received frosen, 10(1 
pw ton; for Mch 1% moisture over 10%, 5^ per ton. Minimum moisture deduction, 
1%. These rates are subject to change wi^out notice and are exclusive of freight charges, 
ediich must to prepaid or guaranteed by shipper. 

Not accepted at this phmt: ore containing over 0.2% non-eulphide copper, or over 
$% total copper, pr over 3% sine. Concentrates are accepted at option of manager 
oiaA pajrment b made for gold only. New shippers or those whose ore dianges in dur- 
aotar, or adtpjiQove fnnn one mins to another, must send a 54b sampla, charges pn^paiA, 
to be tsatad before dnianents are consigned. 
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To alitoid demiArm and enable aettlementa to be completed, diippen muit tmtify 
mill promptly of all Apmenta, by bill of ladiUtg or letter atating name of mine, owner, 
Uaaae (if any) and ear number. Shipper agreea that, after aampUng, the ahipmeat (esoept 
the reaerve aample) may be mixed with other orea, or otherwiae diapoaed of; and agreea to 
aettiement in accordance with standard practice at this plant. To insure prompt nettle* 
meni diipper must compare assays promptly by telephone, assay certificate or letter, or 
authorise settlement on mill assays when consigning; without such information wiAin 
10 days of receipt of shipment, settlement will be made on mill assays. No umpires or 
re-aamples are allowed on shipment of 0.25 os gold or less per ton. 

Payment Gold; no payment if less than .02 os per ton; from .02 to 0.5 os inclusive 
per ton, $32.26 per os; over 0.5 but not over 5 os per ton, $.33.76 per os; over 5 but not 
over 10 os per ton, $32.76 for first 5 os and $33.12 per os for balance; over 10 os per ton, 
$32.76 for first 5 os, $33.12 for second 5 os and $33.47 per os for balance. For gold in 
truck shipments and shipments of less than 10 ton, deduct $1 per os from above prices. 
StLvan; no pajment if less than 1 ox per ton; from 1 to 5 ox per ton, 50% paid for; over 
5 but not over 10 ox per ton, 65% pmd for; over 10 but not over 20 os per ton, 75% paid 
for; over 20 but not over 50 os per ton, 85% paid for; over 50 but not over 100 os per ton, 
90% paid for; over 100 os per ton, 95% paid for. Provided miner’a silver affidavits are 
promptly furnished, as required by the Treasury Dept, pasrment is made under existing 
government regulations at 64.64fi per os; otherwise at the market quotation for date im* 
mediately preceding date of settlement, excluding fractions of cents; except that for ore 
exceeding 100 os per ton, 2.5^ additional will be charged for excess over 100 ox. Sttlpsidb 
LEAD in crude ores only: no payment if less than 3%; if 3% or more, pay for 80% of wet 
assay less 1%, at N Y qtiotation for date immediately preceding date of settlement, less 
2.5^ per lb. Non-sulphide lead, no payment. (Nora. The “Open Schedule” ends hered 

Copper ore. For Cu ore containing Au and Ag, but no Pb, or so little that it is not 
considered, terms of pasrment are illustrated by the following schedule, in force 1937: 

Gold and silver on the same basis as for lead ore. Copper, pay for 100% of wet 
assay, less 8 to 15 lb per ton ore, Eng & Min Jour quotations, leas 2.5 to per lb. Pen* 
altiee. Zinc, no penalty at many copper smelters, though some charge 30i(! per unit in 
excess of 6 units. As, Sb, and Bn are free at most plants, at others 60fi to $1.50 for all 
in excess of 1 to 2 units. Bi, no charge, except at El Paso smelter, where all in excess 
of 0.1 unit is charged for at 60^ per unit. Treatment charge, $2.50 to $6 per ton, baaed 
on gross value of ore up to $100; over $100, $8 to $15. 

SsaBple 1. Method of oaloulati&s returns on a shipment of ore based on preceding schedule; 
wet wt of lot 30.28 ton; moisture > 8.6%; dry wt of lot 30.28 (1.00-0.086) 33.20. 

Chemical analysis: gold, 1.27 os per ton; silver, 2.10 os per ton; copper, 1.2%; sino, 6.4%; 
anenic, .60%; antimony, .72%; bismuth, .08%; iron, 12.4%; sulphtir, 19.1%; silica, 49.7%; aluminst 
6.0%; total, 96.20%. 

Payments: gold, 1.27 X 832.76 » 841.605; silver (2.10 - 0.5) X 64.84 « 81.034; copper 9 
14f (avg) per lb, 20 (1.2 — 0.76) X (0.14 — 0.026) » 81.036; lead, none. Gross paynunt per dry 
ton. 843.674. 

Deductions: treatment eharge for ore of this value, 86.60. Penalties: sine (6.4 — 6) X OAO, .12; 
arsenic + antimony (0.60 + 0.72) — 2.0, none. Total deductions per dry ton, 5.62. Net pay* 
ment per dry ton, 838.064. 

Total returns by the smelter to the shipper, 33.20 X 38.064 •> 81 263.39. 

In Canada production of copper has berame an important industry. Examples 2 
and 3 show typical returns prior to 1938 from a Cu-Au-Ag ore, and a Cu ore from which 
iron pyrite is recovered and marketed, terms change, but form of computation is uMful. 

Example 2 (29). A copper mine in B C produced from 100 ton ore assaying 1.08% copper, 
0.003 os gold and 0.116 os ^ver: 3.2 tons of copper concentrate assaying 27.63% copper, 0.06 os 
gold and 2.46 os silver, recovering 88.4% of copper, 61.2% of gold and 68.2% of silver. Value of 
the concentrates, which were shipped to a copper smelter in the U S, is calculated as follows: 

Terms: copper assay, less 1.3 units at dollar equivalent of London copper price, lem 24, 98% 
of gold at 836, 96% of tilver'st silver price less 11/24. Treatment charge 86 per ton. Aaauming 
copper price 164, and silver price, 464: Copper, 27.63%, less 1.3% •• 26.33% 626.6 lb at 164( 

lam 24 - 184 • 868.46; Gold: 98% of 0.06 os - 0.0688 os at 836.00 - 82.06; Silver: 96% of 2.46 
os *■ 2.8276 08 at 464, lam 11/|4 431/24 81.01; total, 871.63. Freight 81; treatment charge, 
86 » 86.(X1, Net revenue per ton concentrate, 866.63; revenue from 3.2 ton concentrate (from 
1(X> ton ore) at 866.63 •- 8209.70; revenue per ton ore. 82.10. Gross value per ton ore, 1.06% 
copper, 0.0()3 oa gold, 0.116 os silver: Copper 21.6 lb at 164« 83.24; Gold 0.003 os at 836.00, l(>4i 
^ver 0.116 oa at 464, 64; total, 83.39. 

Example • (29). A copper-pyrite property in Quebec produced from TOO ton ore aaaaying 
8.71% copper, 18.6 tons copper coneentratea assaying 26.62% copper, with a recovery of (0.77%, 
sad 811/2 ton of iron-pytite concentrates, assaying 49% aulidtur. Value of the concentrates, wideh 
were shipped to the U S, is calculated as follows: 
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Tenat au eopper eoaoutnU: Ckiftipar uny 1 «m 1.8 unite nt d<diar aquivnlMt of London oeqypor 
prioo, Imo 24. Tnotmont eluwio 88 per ton. Aaeuininc Copper prieo 18^: Copper, 26.22% leM 
1.3% 8«.82% • 488.4 lb nt 18|i lean 24 - 863.28. Freight (15) treatment charge ($8). 810.00, 

Revenue per short ton eopper ooneentratee. 883.^. Terms on iron pyrites: 40% sulphur at 124 
per long ton unit, 88.87; freight, Ki.OO. Net revenue per long ton pyrite concentrate, 84.37; 18.6 
short ton copper concentrates at 883.28, 8723.03, 81.8 short ton pyrite oonoentratse, m 46 long tons 
at 84.87, 8201.02; retnenue from 100 short tons ore, 8024.06; revenue per ton ore, 80.26. 

Based on copper content, the gross value of this ore, aasa 3 ring 3.71%, 74.2 lb at 18^, equals 
811.18. The revenue in this case compared to the gross value is increased by the sale of iron* 
pyrite concentrates. To make two concentrates, instead of allowing the pyrite to go with the 
tailings, entails higher cost of concentration; and the feasibility of such procedure depends on having 
a market for the pyrite concentrate at a low enough frright coat. 

Zinc orea. The purchasing terms are entirely different from those for Pb and Cu. 
Zn ore is mostly sold in open market at a base rate per ton of sulphide ore (oonoentrate) 
oontuning 56 to 60% Zn, a premium of about $1 being paid per unit over 60, and $1 penalty 
charged per unit under 56. A charge may also be made for CaO, Pb and Fe. The fiat 
price per ton varies with conditiona. 

The value of Zn ore is always determined basically by its Zn content, leas an allowance 
for metallurgical loss, leas a deduction for freight and treatment. This is expressed by 
the formula: [(T — 8) X 20 X P] ~ if, in which T is the Zn assay in percent, 8 the 
deduction for loss, 20 the lb per unit (changed to 22.4 if the long ton is used), P the price 
of Zn in cts per lb at the basing point and R the “returning charge" or deduction for 
treatment, in dollars per ton. 

In the -U S the principal source of Zn ore is the Tri-State district, where its value 
is determined by auction. At present (Feb, 1938) the Joplin quotation is $30 per 2 0(X) 
lb for standard ore of 60% grade (1 200 lb Zn per ton). From this the factor (7* — 8) 
indicates a yield of 1 040 lb or 86.67%, which is a fair figure for overall recovery from green 
ore. As the price for Prime Western zinc at St Louis is 4.75ft per lb and the freight rate 
from Okla points to St Tx>uiB is 0.175ft, the quotation for Zn at point of orig^ is 4.575ft, 
at which the value of 1 040 lb is $47.58; and deducting $30 base payment for the ore leaves 
the metallurgist a margin of $17.58, which is A in the formula (W. R. Ingalls). 

Szample 4, showing the settlement price for Zn oonoentrate in the Joplin district, when base 
price and Zn content are. lower than stated above, and penalties are levied on impurities. Base 
price is quoted each week per dry ton of 60% Zn oonoentrate, with flotation product at 81 per ton 
leas than gravity gradca. For ooneentrate of £6% Zn or more, the value of the Zn content equals the 
quoted base price divided by 60 and multiplied by the actual Zn assay in percent. For lower gradea, 
this value is computed as though for 66% and reduced $1 per ton for each unit below 66% Zn. 
Lead-free Zn concentrate of 0.1% Pb or less usually commands a premium of 81 per ton above the 
4|noted base price. Allowable Fe 3%, Pb 2%, CaO 1.8%; excess of any one oonatitaent is penalised 
at 81 per unit. 

For a 827 base price and a dry ton of concentrate assaying 88% Zn, 4% Fa, 3% Pb, and 2% 
CaO, the calculation is aa follows: 


Value of 86% Zn concentrate ~ X 86 ■■ 825.20 

DU 

Penalties, 1 unit Zn defioieney. 81.00 

1 unit Fe excess. 1.00 

1 unit Pb excess. 1.00 

Vj unit CaO ezwm. 0.50 83,60 

Settlement price. 821.70 


Formulas for purchase of Western ores are mewe complicated, due to ocoumiioe of 
reeoveraUe silver and lead. Such ore is usually sold to Au electrolytic refinery on basis 
of a spedfd schedule prepared by the refinery. 

The value of sine ore delivered to European smelteni is theoretically determined in the 
same way, but with more complications as to variation in the returning charge, according 
to the price for speltw, etc. 

In Canada, the terms for concentrates from a Zn-Pb ore prior to 1938 were as follows: 

■—myla 8 (29). A Isad-sinc mine in B C produced from 100 ton ore (assaying 10.9% Pb, 
14.7% Zn, 2.08 os Ag) 12.8 tons Pb concentrate (assaying 80.8% Pb, 8.6% Zn, ai^ 10.02 os Ag) 
-end 21iA too Zn ooneentrate (aeeaying 61.06% Zn, 1.09% Pb and 2.84 oe Ag). 92.6% of tha Pb 
and 60.4% of ^e Ag were recover^ in tha Pb ooneentratee, and 89.9% Zn in the Zn ooneentratee. 
The vi^ of the conoentratea, which were shipped to Europe, ie oalculated ee foQowa; 

Tenne on lead concentrates: 98% of Pb content paid for at London i»ioe. Return charge, 20 ah 
gold per groaa too, based on London lead pries of £12 gold, with an addad eharga of la 6d for eadi 
£l advdaea. Full eontant rilver at London pries per standard os for each fine os content (as 
sWuldard aiivar is 928 fins, this means a deduction of 71/8%)* A s s u min g lead pries £24, this 
tguala'£14.864 gold (wltfi gold at 140s); return charge k therefore 23.846s gold, or 89.298o paper. 
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La*d: 9S% of 60.5% m 76.476% at £24.867.06i iwipor. Silver: 10.02 oe at 20d, 16.704 {taper. Total 
683.78e paper. B^um idiarge, 36.295e paper; emelter paymeBt per loop ton. 344.485a paper; 
•xofaange at 4.07. 665.60; freicbt. 616.50; revenue per long ton lead eonoentratea, 660.10. 

Many aino aintf tern in the U B and moat of tfaoae in Europe recover by-produota, but their value 
ia compounded in the aino formula. 

Terma on aino ooncentoatee: Aaaay. len 8 unite at London aino price. Hetura charge 4Qa gold 
l>er groaa ton, baaed on London aino price td £9 gold, with an added <^rge of Sa for each £1 advance 
up to £12; then 8a 8d for each £1 advance up to £15, and 3 b 6d for each £1 advance tbmafter. 
Aaaay baaia, 52% to 54%, with 9d gold advance in the return charge for each percent above 54%. 
Aaauming aine price £22.5, thia eQuala £13.654 gold (with gold at 140 b); return ohar^ ia thetWore 
59.6855 b gold, or 98 354e paper. 61.08% leaa 8% » 53.08% at £22.5, 23&8e8 paper; return charge, 
98.354a paper; emelter payment per long ton, 140.506 b paper; exchange at 4.97, ^4.91; freight, 
614.00. Revenue per long ton aino concentrates, 620.91; 12.5 short ton lead concentrates, te, 11.16 
long ton at 669.10,6770.15 ; 21.6 short tons sine concentrates, ie, 19.3 long ton at 620.91, 6403.56; 
Revenue from 100 abort ton ore, 61 173.71, » per ton ore, 611.74. Oroae value per ton ore. 10.9% 
lead, 14.7% ainc, 2.08 oa silver. Lead 218 lb at 5.3254 (£24, exchange 64.97), 611.61; Zinc 294 lb 
at 54 (£22.5 exchange 64.97), 614.70; Silver 2.08 oa at 454 (Loudon 20d per standard oa), 944. 
Total 627.25. 

7. MISCELLANEOUS ORES AND NON-METALUC MINERALS 

Iron ore ie purchased at Sat rate, depending on percentage of Fe, with penalty if it 
falls below a certain grade, and premium, if above. The base ore standard for bessemer 
(low phosphorus) and non-bessemer ores (high phosphorus) is 61.5% Fe; standard phos¬ 
phorus content for bessemer ores, 0.045%. Above or below this standard, within am nil 
limita, the price paid for iron ore is slightly decreased or increased respectively. 

At beginning of the shipping season in 1938, the rates (31) fob Lake Erie docks, were: 
bessemer ore $5.25 to $5.10, non-bessemer ore $5.10 to $4.95, for the above standard grades, 
with penalty for a lower and premium for a higher content. Eastern ore is often sold at a 
stated price per unit of Fe. In the past (18) about 83% of ore mined in TJ S came from 
Lake Superior districts. 12% from Southeastern States (value at mines about $2.13 per long 
ton), 2% from Northeastern States (value at mines about $2.59 per long ton), remainder 
from the West and miscellaneous. 

Manganese ore. A sliding scale is always used in purchasing. The higher the Mn 
content, the higher the price per unit; see following schedule, which was in effect by one 

consumer in 1924 (16). Ail prices 
are f o b at furnaces. 

For each 1% of SiOa in excess 
of the maximum stipulated here, 
there ia a deduction of 25^ per 
long ton, fractions in proportion. 
For each 1%, or fraction, of iron 
in excess of the maximum, there 
is a deduction of 25^ per long ton. 

The above gpves in general the terms used, but prices have changed since 1024, as 
shown by following quotations for Mch, 1938 (30). Per long ton unit of Mn, c i f North 
Atlantic ports, cargo lots, exclusive of duty: Brasilian, 46 to 48% Mn, nominal; Chilean, 
47% minimum, nominal; Indian, 60 to 52%, 46^; Caucasian, 62 to 55%, 45}!. South 
African, 60 to 62%, 45}!; 44 to 48%, 40}!; nomiiud. 

Chemical grades, per ton, coarse or fine, minimum 80% MnOs, Brasilian or Cuban, 
$60 in carloads, to $55 or $60 barreled. Javan or Caucasian, 85% min imum, $60 to $62. 
Domestic, 70 to 72 per cent, $47 to $52 in carloads, fob mines. 

Domestic manganiferoua ore, 10% Mn, 35 to 40% Fe, 22}! per unit for mangtaxe^ 
content and 5}! per unit of iron, per long ton, delivered Birmingham. Hi^-grade ore, 
Above 40% Mn, low iron content, 40}! per unit per long ton, delivered Birxniniduim: 
undM- 40% Mn, 30|i (30). 

Pricee on foreign ore are quoted c i f Atlantic or Pacific seaport; duty and fr ei ght from 
port to d«itination paid by consumer. 

Chrome ere (31), 0ump) c i f Atlantic seaboard, per gross ton (1938): South African 
(bw grswie) $16.00; Rhodoidan. 45%, $22.00; Rhodesian, 48%, $25.50; Turkish, 48-49%, 
$25.00 to $26.00; Turkiidt, 45-46%, $23.50 to $24.00; Turkish, 44%, $19.00 to $19.50. 
Chrome eoncentrates (Turkish) o i f Atlantic seaboard, per gross ton:’ 50%, $25.60 to 
$26.50; 48-49%, $26.50 to $26.00. 

Tto ore or concentrate. No tin ore has been mined in the U S for many years. In 
oounhrieB, practically tin sold is in form concentrate. Payment is utoaSy 
ma^ for ^ ic 96% of the tin content (16), depending upon the land of ore. 
aU tin is iHud tm, the base charge is h^er. (Concentrate hindmost always ipmobimsdi 





MISCELLANEOUS ORES AND NON-METALLIC MINERALS 32^17 


on a 60% tiin baaia (Spurr aad Wormaar). For eadi unitt or fraction thereof above or 
below 60%, the retun^g charge ia reduced or increased at rate of S ■hiHinga (Engli^ 
ourrency). Net returning charge has varied from £10 to £26. 

The baric price for standard tin is generally taken at £170 per long ton, and the 
returning charge is increased or decreased at a fixed rate per lb above or below this figure. 
1% S is allowed Jfree; above this, the penalty is 10 sh per unit (22.4 lb). 6% Fe is flowed 
free; above tins it Is penalised. Other underiratfie constituents are provided for by an 
increased base charge. 

Tungsten ores are sold in sizes from say 3 in down to fine powder. By sorting or con> 
oentration, the material usually contains about 65% tungstic acid (WOa). It is sold at a 
price per unit (the unit depondiug on the ton used). Foreign quotations, converted into 
U S ourrency at normal exchange, per luit (20 lb) was about $8.25 in 1923 (16), as low as 
$3 in 1921, and as high as $40.75 in 1916. Now (Jan, 1938) for Chinese ore, duty paid, 
$25. Domestic scheelite, $22 to $25. No accepted practice has been evolved conoeming 
pnmiiums and penalties. 

Bauxite is the ore of aluminum. It is used in the chemical industry and to some extent 
for baric refractories. For the aluminum industry, bauxite must bo treated to prepare 
practically pure AltOi. Commercial bauxite usually contains 55-58% AliOi and not 
over 10-16% BiO*. It 
is usually sold under 
long-term contracts. 

Prices have been quoted 
only in the last few 
years. Following table 
gives aver sales prices, 
as shown in annual 
reports of the U S Geol 
Surv (16). 

Jan, 1938,'domestic commercial, $7.50; domestic abraaivo, 70-84%, $12.60 to $15 (30). 

Feldspar. No basis for determining the value of feldspar, based on actual composition, 
has been established. Price of pulverized feldspar per short ton has varied considerably. 
In 1913, extra fine pulverized sold at about $13 per ton f o b on cars at mills, in car lots. 
In 1916 the price advanced to $15, in 1918 to $20. Jan, 1938, potash feldspar, 2(X>-mesh, 
$17. Glass-spar, white, 20-mesh, $11.76 (30). Price of the lower grade ia about 0.75 
of first grade. 

Fluorspar is usually divided into 2 grades by analysis: (a) metallurgical or fluxing, 
minimum of 85% calcium fluoride and max of 5% silica; (5) merchantable acid spar, 97% 
calcium fluoride and not over 2% silica. These are again divided into gravel, lump and 
ground. Gravel is used extensively in iron, steel and aluminum smelting. In finely- 
ground form, in the manufacture of opal-glass and in enameling iron and steel ware. 


Average Annual Prices of Domestic Fluorspar per Ton of 8 000 lb, f o b at Mines (16-19) 


— 

Year 

Gravel 

Lump 

Ground 

Year 

Gravel 

Lump 

Ground 

1913 



■lUliH 

1919 

$23.80 

$30.38 

$43.02 

1914 

■EVw 



1920 

23.24 

29.85 

43.32 

1915 



10.80 

1921 

16.11 

21.39 

40.00 

1916 

5.34 


12.38 

1922 

16.36 

18.56 

36.42 

1917 

9.61 

13.68 

17.59 

1923 

18.61 

23.32 

36.86 

1918 

20 05 

24.12 

31.21 






Price of Bauxite per Long Ton, fob Shipping Point (1913-23) 


Year 

Aver price, 
domes tic 
bauxite 

Year 

Aver price, 
domestic 
bauxite 

Year 

Aver price, 
domeatie 
bauxite 

1913 

$4.75 

1917 

$5.48 

1921 

$6.38 

1914 

4.87 

1918 

5.69 

1922 

6.25 

1915 

5.10 

1919 

5.85 

1923 

6.03 

1916 

5.40 

1920 

6 23 

1933 

$6 to $7.50 


In Jan, 1938, prices for domestic fluorspar, fob Ky and Ill mines: washed gravri, 
86% calcium fluoride and not over 5% SiOj, $18 to $19 per ton. No 2 lump, sime content, 
$20. Domestic No 1, ground bulk, 95-98% calcium fluoride, not over 2 ifs% BiOs, $31 AO. 
Foreign, 85-6 c i f Atiantic ports, duty paid, $24.50 (31). 

Pyrita. Used extenriveb^ for the manufacture of H^ 04 . Value is baaed on percent¬ 
age of sulphur in the ore, and is paid for at a price per unit (nsual barns is ton of 2 240 lb). 
Foreign pyrite run from 50-51% S; domestic, 36-40%. Spanish per unit of sulphur, 
c i f Atlantic ports, 12^ to 12 i 1^. Domestic graded fines, lump and fumaoe rise, 9^ to 11^. 
The impurities, usually present in small amounts, are Zn, Pb, Sb, As, and intolublM 
(induding SiOt). More than 3% Zn -f Fb and more than 1% As are objectionable. If 
the cinder resulting from the burning of the pyrite oontaina Cu it is reoovwed by leaidi- 
iiif. The cindev, whether leached or not, ia frequently dendphwiaed, rintesred and aoU 
•alconoro. ' 
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Sa^lnir. Ftsetlealljr ■ulxAtO' milled ia U S oomea from ^e Gulf eoaet. Um't of 
areight, 2 240 lb. Fh>m 1009 to 1927 the prices ranged from $13 to $22 pnr ton. Li 
1909 it averaged $18.52; 1914, $18.17; 1915, $13.46; 1918, $22; m8, $16.07. During 
the past 10 yean the price has remained constant at $18 j>er ton. 

8. ORE CONTRACTS 

Contracts for sdling and purchasing should be in legal form, and supervised by enipneers 
or metallurgista having full knowledge of the technical conditions. 

Following points should be covered: 1, duration of contract, in years; 2. approx amount 
of ore to be delivered; 3, rate at which the ore is to be delivered (if known); 4, point at 
which delivery is to be made from miner to purchaser; 5, arrangement respecting freight 
rates; 6, method of weighing the ore; 7, determination of moisture; 8, arrangement lor 
representation of both seller and buyer; 9, manner in which the ore is to be sampled, and 
sampling paid for; 10, number of samples to be taken, and disposition of same; 11, 
assay a:^ analytical methods to be used in determining the ore constituents; 12, settle¬ 
ment of splitting limits (Art 2); 13, mode of settlement when determinations by seller 
and buyer sre within the splitting limits; 14, arrangement for umpire, if difference ex¬ 
ceeds the splitting limits; 15, mode of settlement in case samples are sent to umpire; 
16, terms of payment for metals; 17, the effect, if any, which fluctuations in market price 
will have on terms of piyment;* the effect, if any, which the value or composition of 
the ore wUl have on these terms; 19, dates on which metals are to be paid for; 20, state¬ 
ment of payments to be made and penalties to be levied for certiun ore constituents; 
21, the bm charge on which settlements will be made; 22, amount which will be advanced 
(if desired) by purchaser to seller, at any time after settlement has been agreed upon and 
before final payment ia made; 23, possible conditions which shall be considered as valid 
reasons for failure to deliver or receive ore imder the contract (Sec 29); 24, arrangements 
for submitting disputes to arbitrators, instead of the courts (22). 
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GOLD AMALGAMATION 


1. MHiTOG PKACnCB 

Amalgamation of gold ona in modem plants is oonfined almost exclusively to raeovery 
of the coarse free gold, as a secondary treatment, by babbel amalgamation of con¬ 
centrates caught on blanket or corduroy strakes, concentration tables or jigs. Plats 
amalgamation, stiU found in older plants, is rarely instadled today. Amalgamation is 
practically always in conjunction with or followed by cyanidatton, flotation, or a com¬ 
bination of both prooesseR, and preparation of the ore is usually pished with reference to 
the requirements of such processes. 

The advisability of making a preliminary recovery of Au by amalgamation or corduroy 
tables, when this is to be followed by cyanidation, must be detoimined for each individual 
ore. Where much coarse free Au occurs, often 40-80% of it can thus be recovered directly, 
at B lower cost than by precipitating and refining from cyanide solution. Also, by divert¬ 
ing the coarse Au frmn the cyanide plant, the time of treatment in the latter can be reduced 
and a satisfactory final residue obtained with coarser grinding; examples, Homestake mine. 
So Dakota, and West and Central parts of the Witwatersrand. Where dotation is used, 
the preliminary removal of as much free Au as possible is of first importance, since it has a 
tendency to be depressed under reagent conditions suitable for flotating sulphides. If there 
is no coarse Au, and fine grinding is required to release the Au from the gangue, practice 
tends to eliminate all forms of amalgamation or concentration; example. Far East part 
of the Rand. Improvements in cyanide extraction and precipitation, risk of amalgaih 
theft, mercurial poisoning of workmen and tying up of amalgam within tube-mills, have 
contributed toward elimination of amalgamation at many large plants. Also, grinding in 
cyanide solution can not bo taken advantage of where amalgamation is used. 

Crushing and grinding (Sec 28). Ores must be reduced to such fineness that the Au or 
Ag is sufficiently freed from gangue to be attacked by mercury. Recent practice is to 
eliminate stamps; to cnuh by jaw or gyratory crusher to about 2-in aixe, with secondary 
eruahing by rolls or fine gyratory-type crushers to a product at least all minus in, fol¬ 
lowed by two-stage grinding in ball- or tube-mill, or a combination of the latter. Recent 
installations of stamps are liinited to eases where a moist, sticky ore would tend to choke a 
crusher, if crushed to less than about 2-in pieces. 

Where sise of plant does not warrant stage crushing and grinding, a gyratory crusher 
is used to produce a sise approx 1.6 in, which is ground direct in ball- or tube-mill. Fqr 
stamps, prdiminary crushing is in jaw or gyratory crusher to about 2 in; tendency being 
toward heavy stamps and low discl^rge, crushing rather coarse (0.6-0.75 in), and grinding 
stamp-mill discharge in ball- or tube-mill. 


2. PLATE AMALGAMATION 

Due to adoption of coarse battery crushing, which causes rapid scouring of inside plates, 
inside battery amalgamation has been practically eliminated. 

Amalgamation may follow the stamp battery (Sec 28) or grinding mills. When much of 
the coarse Au is liberated in the primary grinder, tiie plates should follow this unit to avoid 
accumulation ot Au in the secondary grinder, with a second set of plates after the latter. 

Apron plates following a stamp battery are wide, shallow, sloping troughs, full width of 
mortar and made of ^/s-in annealed copper, to prevent buckling with consequent uneven 
flow of pulp. They are almost always silver-plated. They rest on heavy wooden tables, 
which, thdui^ adjustable, should be rigid and non-warping. 

Amount of Ag for plating varies from 1 to 2 os per sq ft to ps high as 6 os. Plates are 
lesilvered after 1-3 years' use. In some mills replating is not practiced; new platM are 
installed when necessary, the old plates being melted down. Apron plates fcdlowing a 
rod-, baU- or tube^nill are 1-4 ft wide, depending on requiieiuenta and constructed as 
ior stamps. 

Area of plates depends mainly on sise of gold particles to be caught. 'Fine Au reqidm 
slow« flow of a thinner layer of pulp over taUea; hence, greater area. Modem i»aetioe 
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Hmita wnalgainattoa to reoovoty of Dooraer partidea of Au, and an uea of IA-4A aq ft 
per too millad per day ia usual (Qoldm Chariot and Argonaut mines). Many anan mills ta 
western U S» tint depend oht^y on amalgamation for recovering An, use an area of 1(^12 
SQ ft per ton. 

Mercury traps are advisaUe, as apron plates may then be kept softer« with less chance 
of losing Hg or a m a lg a m . Good practice avoids having much kxm Hg abcmt. An effioioit 
trap oondsts of a simple transverse trough a few inches deep. The sand and Hg settling 
in the trap are deaned out at intervals and returned to battery or mill. 

Slope of apron plates varies from 1^/4 to 2 f/a in per ft; best practice, about 2 in. Flat 
slope requires more water. TaUes for supporting plates may be adjustalde, for varying 
tile dope. This should be such as to give a pulp velodty high enough to keep the heaviest 
partides of ore moving, but not so high as to prevent adherence of gold to ^e Hg surface. 
Viscosity d pulp is another factor of importance, and densities over 20% of solids shuiuld 
be avoided, as sinking of gold through pulp lajrer is impaired. 

Dressing and care of plates, with maintenance of maximum battery output, ate the 
principal factors in successful amalgamation. In general, unless the gold is very coarse, 
too much Hg on the plates is better than too little and it should not be too thoroughly 
removed when dressing and scraping. Apron plates are usually dressed each day, depend¬ 
ing on richness of ore and how bright the plates remain. In some mills, having 2 parallel 
plates in front of each mortar, a diverting launder throws all the feed to one plate while 
the other is being dressed or cleaned up. Single plates may be divided into 2 parts by a 
longitudinal wooden strip and one-half drrased at a time. This avoids hanging up the 
stamps, but the flow of battery water must meanwhile bo reduced. 

Detirils of dressing idates. Hg is first qirinkled over the plates, to soften the amalgam. 
This is rubbed in lightiy, after which the amalgam is scraped up from lower end toward 
head, with a rubber or hard-wood scraper or a rag. Near the head end, scraping is done 
with an amalgam knife or chisel, so handled as not to cut or groove the'plates. After the 
amalgam is removed, fresh Hg is sprinkled over the plates, more being generally used on 
upper end. Sprinkling is beat done from a small iron tottle of gas pipe, the mouth of which 
is covered with muslin. When freshly wet with Hg, the plate is well rubbed until the Hg is 
evenly distributed. A whisk broom is generally used to distribute the mercury over the 
plate. A stiff broom, which will break up tough amalgam without injuring the plate, is made 
by stitching an extra binding across a new broom, about i/s the way down from handle 
and then cutting broom to one-half length. Plates should be frequently inspected. 

Amalgamators are a recently perfected kind of amalgamating trap, combining the func¬ 
tions of apron plate and the typical Hg trap, and in some instances have repla^ tiie use 
of plates altogether. In these devices a series of amalgamated trays and deflecting bafSes 
in troughs cause accumulations of amalgam, which increase the chance of contact between 
Au and Hg, while occupying far less floor space than plates. The Clark-Todd amalgamator, 
as used at ^e Homestake mine, is an example. Plac^ at the ball-mill discharge, the device 
includes a receiving box with protecting screen, a short length of transverse launder, lined 
mth a copper box, and a longer cross launder with silvered copper plates. Scrap iron and 
oversise are effectively removed, while the amalgam accumulates in the boxes. Each 
section is covered with a locked guard screen. 

Conditioa of mercury. The Hg fed to battery or grinding mill must be free from 
impurities, which sickxn the mbbourt and form patches on the plates that will not amal¬ 
gamate the gold. The sickened condition is due to fine particles of Hg becoming coated 
witii ♦■bin filmn of manganese or iron sulphates, arsenides, antimonides, teliurides, clay, oil, 
or grease. Oil or grease must be carefully kept away from the mortar and plates. Squees- 
ing of Hg through chamois, canvas, or muslin bags will not remove these films, and if 
mercury sickens it must be cleaned with weak acid, lye, or cyanide solution, or even retorted 
before using again. Addition of a little sodium amalgam will sometimes assist in the 
amalgamation of refractory gold or teliurides. 

Flouring. When mercury is held too long in crushing machinery, or when too much Hg 
is fed, nxiUBiNo will take place. This is very fine breaking up of the Hg, in which condi¬ 
tion it will-not amalgamate, nor will the particles reunite, as the surface tension is very great 
omnpared to tiie wt of the particles. 

Cleanup, which is made monthly (or oftener with high-grade ore) when stamps are used, 
eonnsts in thoroughly cleaning out ^e battery and scraping and dressing the plates, as 
^twve. With rod-, ball-, or tube-mill, a satisfactory clean-up can be made only when these 
are being relined, during which period they are thoroughly cleaned. The serious 
aeeumulation of emalga™ in rod-, ball-, or tube-mills, often during a year before it can be 
moovoed, has discouraged the adding of Hg to these units. The upper loose sands from 
Stampa or grinding mill, containing but little amalgam, are returned to the umt after atart- 
ing; the low«r sands go to the clean-up room. Here the sands are treated with additional 
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Hg and water in a elean^ barrel or pan, and panned down over diednk to aeparate the 
amalgam, tiie wadked aanda being returned to battery or grinding mill. The 
thus leoovered, and that acraped from the plates, is also washed with more Hg to mahe it 
liquid. Pinoles of iron are removed wi^ a magnet. In large mills, the amalgam is 
worked over in the clean-up barrel or pan, with excess Hg; in small mills, it is ground in 
a Wedgwood mortar. 

Cleaned amalgam is then put in a conical funnel of canvas or heavy unbleached mudin, 
through which the excess Hg drains off; the remaining amalgam is squeezed by hand 
through rhamois or doth, or in large mills by a hand or power press. Chamois is expen- 
dve to use as it wears out rapidly. Bkimmings and dross from surface of the Hg strained 
out in deaning amalgam are saved for separate treatment. When the ore contains much 
sulphide, antinjonide or arsenide, the mud settling out of the washings, and the dross from 
de^ng anudgam, may be saved and dripped to smdtera. Amalgam, squeezed quite dry 
and hard, contains 26 to 40% bullion. The squeezed amalgam is finally retorted for distill¬ 
ing off the Hg. 


3. CORDUROY TABLES 

Corduroy-blanket tables are generally of same size and slope as those for plate unal- 
gamation. They are generally placed at the ball-mill discharge. Burface of table is cov¬ 
ered with transverse strips of corduroy, placed to overlap one another a few inches; they 
are not fastened down, as the wet bla^et dings to the table surface. But care is taken to 
“iron out" tiie sir bubbles formed underneath when laying the blankets. An even distribu¬ 
tion oi the feed pulp, correct pulp velocity and density, etc, are as important as in plate 
amalgamation. The transverse ribs of the corduroy sot as riffles, the spaces between grad¬ 
ually filling with a concentrate containing the free gold and consisting laurgdy of pyrito 
and Uack sands. 

An unolasaified pulp, with up to 20-mesh sand at 4-^ to 1 dilution, will flow down a 
dope of 1 */4 in per ft, and more dilute and finer pulp requires even less dope. Roughly, 
1 sq ft ia required for every 3 tons of pulp per day. 

Nanketa are removed for washing at intervals of about 4 hr, depending on how badly 
the riffles tend to pack. To change blankets, pulp is first turned off and water allowed to 
fiow over blankets for a few minutes, to wash off surface sand; blankets are then folcted op 
to retain the concentrates and taken to the washing box, while a clean set is put down. The 
washing ia d<nie by immersing the Idanket, with the riffle side down, in the water and shak¬ 
ing it. The concentrate that falls and is washed off passes through a stout locked screen 
near top of the box. Witii 2 washing boxes, each day's concentrates can be kept separate. 

C^vrey vs amalgam lUa es. There is a tendency for corduroy and other methods 
(see concentrating tables ana jigs) to replace use of amalgam plates for the following 
reasons: corduroy will ooUect “rusty” gold and platinum-group metals, aa osmiridium, 
which con not be caught on plates; they then require 1/4 to 1/5 the surface area for the rame 
toimage; umddlled labor can be used and less attention required; also, danger of mercury 
poisoning, loss of amalgam and theft are eliminated. 

Prior to 1921 the Witwatersrand mills recovered 50-76% of their production by i^te 
amidgamation, variations in percentage of recovery being due to differences in degree of 
grinding, perfection of equipment, and characteristics of the ore. During the following few 
years, however, there was an idmost complete substitution of plate amalgamation by 
corduroy blankets, which, in one form or another, are today used idmost exclusively on 
the Rand. 

Cleaning concentrate. Corduroy concentrate, amounting to around 1% or leas of the 
ore treated, ia usually fed to a concentrating taUe, set rather fiat and operating with a short' 
stroke. Three products are made: clean Au, pyrite (including any iron coming from the 
mtlling madunery), and a tiliceous tailing, which flows back to the mill circuit. The 
conooitrate is collected s^arately in boxes having filter bottoms, and transported to the 
cleOn-up room tor barrel amalgunation. 

Johnson concentrator, developed on the Rand, is a eontinuous-disoharge corduroy, 
ooimisting of a rotating oylin^r tiig^tly inclined and having a rubber liner grooved tike the 
rifflng of a gun barrel. Feed enters at the upper end, while gold and pyrite collected in the 
riffles are carried op out of the pulp and discharged at the hipest pdnt by sprays into a 
launder leading out of the cylinder. 

Jigs, of the Coolly and Richards pulsating type, are finding inorearing tDw in the bali- 
mffl classifler circuit for removal of coarse gold as soon aa it is rdeaoed fay gruidiag. The 
improVKl Denver Equipment and Pan American machines have high cap^ties and nudm 
fhMh enough concentrates for direct barrel anudgMnation. . 



HETOBTINO AKD MELTING 83^)5 

Bf«lniilic timpi» unit flotetloa aad coneentratfng taUai, umially provMed vith 
■eaipias acrMiia tar removing ovenaiee, are all in uae for'preliminaiy recovery of ooane 
g(dd, ahead of the oyanidation or flotation circuit. 

Barrel amalgamation. The concentrate from tables, jigs or traps (mentioned above) is 
ground and amalgamated in a standard clean-up barrel, after which the amalgam is sep¬ 
arated by panning and treated in usual manner (Art 2). These barrels are preferably cart 
in one piece, to avoid use of liners which tend to hold up amalgam. From 2 to 14 hr are 
allowed for grinding with a light ball or rod load, after which the mercury is added and 
another 11/^-2 hr allowed for amalgamation.- Tailing from the barrel is returned to the 
main plant circuit. 

Recovery of Au by corduroy tables is slightly lower on the Rand than was formerly 
obtained by plate amalgamation, but final residues after oyanidation have not been 
affected. It is reported that the Hg consumption, since introduction of corduroys, is only 
one-tenth of what it was before. 


4. RETORTING AND MELTING 

Retorts, when of large sise, are horiz C-I cylinders built into a brick funuice setting, 
and with a pipe from the rear end to an open Hg receiver. This pipe is surrounded by a 
larger pipe or jacket, in which cold water is circulated for condensing the Hg. The end of 
the pipe is covered with wet cloth or flannel, dipping into water in the receiving pot. 
The level of the water in the pot must never be allowed to rise high enou^ to cover the 
end of the pipe; otherwise, if the temp of the retort falls, water may be drawn back into 
the hot retort, causing an explosion. Small retorts are vertical C-1 pots with condenser 
pipe connected to the cover. Retorts are lined with chalk or wood a^es before charging, 
and the lumps of amalgam are often wrapped in paper, to keep the bullion from adhering 
to the iron. Vertical pot retorts are filled not over 2/3 full of amalgam, to avoid having 
particles of amalgam thrown up into the pipe in case the Hg boils due to overheating. 
This would clog the pipe, and might cause an explosion. 

Charging retort. Amalgam is charged in horiz retorts in semi-cylindrical G-I trays 
(usually 4 in number), which are slid into place. The retort cover is luted with a mixture of 
fire clay and wood stshes, or clay with a small admixture of clean slimes. Or, gaskets can be 
used, cut from thin asbestos sheets, heavy oil being first applied to the joint faces. The 
cover is clamped on securely with a yoke and steel wedges. 

Firing. The retort is gradually heated by wood or coal fire or by oil (according to 
detign of the furnace), water running continuously through the condenser jacket, until Hg 
begins to pass freely into the receiver. Heat is then-decreased, but should be maintained 
sufficiently to distil the Hg continuously. When distillation ceases, the heat is raised 
to a dull red and so maintained for about 0.5 hr, after which the fire is allowed to die 
out, and the retort to cool before it is opened. During the final heating the condenser 
pipe should be occasionally tapped to dislodge the last drops of Hg. Even with large 
retorts, distillation should be complete in 5 to 6 hr; with small pots, in say 3 hr. 

Melting. The retorted mass (bstobt hbtal) is melted in a graphite crucible, in a coke 
or coal-fired (or oil) furnace, the Latter being preferable for ready control of temperature. 

The crucible is gently heated before use to drive off moisture, and should be well sup- 
I>orted in the furnace to avoid tilting. After raisiiMC it almost to red heat, a portion of flux 
is first charged and melted, after which the retort metal is added, a few pieces at a time, 
care being taken not to drop them in with a splash. The crucible may, if necessary, be 
charged about 0.75 full. Fpvx generally used is largel}' borax glass, with about 0.5 the 
amoimt of sodium bicarb and a little niter. If the retort metal contains much sulphide, 
stirring with a heated iron rod will cause formation of a matte, but the amalgam itself 
usually contains enough particles of metallic iron to combine with the sulphur. Enough 
niter must be used to oxidize base metals, but an excess will rapidly eat away the crucible. 
In presence of much metallic iron, SiOt may be' added to the flux, but not enough to form 
a viscous sl^, which may carry shots of the bullion. Very base bullion may require 5% 
or more flux to produce a clean bar. After being kept molten for 20 min, the metal should 

well stirred with an iron rod, to insure a homogeneous bullion, and the slag (and matte, 
if any) are skimmed aS, or the pouring may be done with the slag. 

Molds are of C I, well heated, and coated with graphite, resin smoke, or lamp-black 
mixed with heavy oil; ofl alone, paraffine, or tidlow may be used. 

After cooling sufficiently tiie bars are plunged into cold water, or into water with a little 
H]S 04 ttr HNO«. The slag (and matte, if any) are hammered off and the bar scrubbed, 
numbered, rr^hed, and drilled for assay sample. Six staggered, */ss-in drill holes on each 
side (top and bottom) the bar and about 1 in deep, give a fair sample, the surface drill- 
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incs bdng rejected. Tlie matte ie saved for e^Muate refining, or is ooUeoted until there is 
enough to diip to smdter. Slags are returned to the clean«up pan or htuiel, or are washed 
free from ggaphite and returned to the batteiy. Yield of retort metal from the Mnalg um 
should be from 30 to 40% by wt, according to amoimt of gold or mlver in the ore. Loss m 
’<aeiting is dight, if amalgam has been properly cleaned. 

6. SALIVATION 

Mercurial poisoning may result from absorption of Hg throu^ the skin, from breath¬ 
ing Hg vapor, or swallpwing soluble Hg salts. 

Oeneral symptoms are; soreness of gums, tenuerness of jaws, excessive secretion of 
saliva, swollen, inflamed gums and foul breath, later resulting in looseness of teeth, swell¬ 
ing of face, with fever and depression. Acutb MBBCuiuAXi poisoning is accompanied by 
tremors of arms and hands, irregular heart action and general weakness. It may result 
finally in loss of teeth, necrosis of the jaw bone, and in some cases in cirrhosis of the kidneys. 

Salivation of the workmen in an amalgamating mill is easil>' prevented. Gloves should 
he worn when cleaning amalgam, and care taken not to breathe the Hg vapors when 
plates are being steamed, when Hg is being cleaned with hot water, or from leaky 
retorts. Men who may be exposed should maintain an active condition of bowels and kid¬ 
neys, and pores of the skin ^ould work freely. These precautions are also the principal 
means of eliminating Hg from the system, in cases of salivation. For scute poisoning, where 
mercurial salts have been swallowed, albumen or emetics are administered, or the stomach 
may be washed with albuminous water and magnesia solution. 


CYANIDE PROCESS 

Introdactioa. The cyanide process extracts gold and silver from ores by means of the 
solvent action of an alWine cyanide solution on these metals. The first commercial 
application was to Au ores, in 1887-88 (McArthur-Forrest process); treatment of silver 
ores came later. First cyanide mills were built: 1889, at Crown mine. New Zealand; 1890, 
on the Rand, So Africa; 1891, Utah, U S. 

Later improvements. Chzmicax.: zinc-dust precipitation of the dissolved gold and 
silver; aeration of leach solutions and de-aeration before precipitation; cyanide regenera¬ 
tion systems and, in the case of refractory ores, pre-treatment with lime, and in some cases 
carefully controlled roasts. Mxchanicai.; replacement of stamp batteries by stage crush¬ 
ing and ball- or tube-mills; continuous thickening and counter-current decantation; all¬ 
slime plants; use of vacuum filters; and flotation-cyanidation processes. 

The fundamental principles of the process have chang^ little since its inception. 
Improvements have bran mainly mechanical, having effect of increasing extractions and 
lowering treatment costs. They include advances in grinding circuits and clasmfication, 
resulting in more highly selective grinding on the refractory portions of the ore; the elim¬ 
ination of the sand-slime circuits and use of single, continuous circuits; more efficient 
precipitation; and, frequently, the preliminary concentration by flotation of the precious- 
metal values into a sm^l bulk for cyanidation in a comparatively small plant. 

Gold and silver ores containing no other valuable metal are today practically all treated 
by the cyanide process, either exclusively or following a primary treatment by amalgama¬ 
tion, flotation, or some other form of concentration. 

6. ADAPTABILITY OF OK£S 

Nearly all gold and silver ores can be treated by cyanidation. In case of gold ores, 
tellurides may cause interference, but can usually be rendered soluble by very fine grinding 
and long agitation with excess lime. 

Interfering conditions. Oxidized Zn and Cu obbs cause high consumption of cyanide, 
due to ready acdubility of their oxides, carbonates, and hydrates. SunpHiDxa of Cu, Ni, 
Co, Pb, Zn, and Fe react but slightly with cyanide solutions, though pyrrhotite ten^ to 
oxidiBe and acts as a cyanicide, while certain copper sulphides, as cbalcocite, cause increased 
cyani^ consumption. Some sulphide combinations of Ag with Pb and Zn are only sli^tiy 
atta^m by cyanide, even when finely ground. Soia;bi.e BtTLPHiDBB (espedAlly idkaUne 
interfere aerioutiy, both by combination with cyanide and by re-precipitati<mof 
Lg and Au. Arbbnicai, and antimonial obes tend to be r^ractory and often MUie 
eyanide consumption, due to the fonnation of compounds haAing a strong redudag 
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action in the trorfcmg Bolutions. PieUmmaiy roastins may favorably prepare sueh oraa for 
cyanide treatment. CaaouxiiM compounde are some of the worst interfering substances, 
but can often be precipitated by adding lead nitrate. Manganbbb comb^ed yrith Ag often 
prevents successful cyanidation. A preliminary reducing roast may increase extraction, 
as, for example, when conditions permit the successful application of the Caron-Clevonger 
process. Mbtaujg msbcubt (often present in tailings from amalgamation) is not readily 
dissolved by cyanide, and, in small quantities, may assist in precipitating soluble sulpltides; 
present in larger quantities, Hg causes waste of Zn in precipitation boxes. A pulp contain¬ 
ing metallic Au and Ag in coabsb pabticues, may require so long a cyanide treatment for 
complete solution of the metals as to make the process uneconomic. In such cases, pre¬ 
liminary removal of the metallics by amalgamation, jig or table concentration (Art 1) 
would be rMorted to. Cabbonacboub iiatteb, if ground with the ore, tends to act a 
reducing agent and re-precipitate Au and Ag before the solutions can be freed from sus¬ 
pended solids. The remedy is preliminary flotation to remove carbonaceous matter, or 
the cyanidation-flotation methods of the Edquist or Chapman processes. 

Overcoming adverse conditions. The refractory nature of an ore can often be over¬ 
come by fine grinding, but as yet microscopic and chemical analysis alone can not deter¬ 
mine the adaptability of an ore, and systematic testing is required to work out the many 
variables involved. 

Laboratory experiments must be conducted to determine: possibility of leaching Au 
and Ag from coarser sands; necessary fineness of grinding; acidity of pulp and amount of 
lime required to neutralise it; amount of soluble sulphides in the pulp and quantity of 
lead acetate or oxide to be added; amount of cyanide consumed in treating the ore for the 
time required to effect satisfactory extraction; kind and amount of cyanicides present, and 
effect of pre-treatment with lime, excessive aeration, preliminary water washing or roast¬ 
ing of the ore. An ore not amenable to direct cyanide treatment, owing to presence of much 
sulphide (either mechanically including the precious metals or forming excessive quantity 
of cyanicides in the pulp), can often be treat^ by removing part of the sulphides by flota¬ 
tion before cyanidation. 


7. CHEMISTRY OF CYANIDATION 


Cyanogen (CN or Cy), a compound radical, is a colorless gas combining actively with 
metals. In manufactured forms it is available as KCN or NaCN. It combines with nearly 
all metals to form a single cyanide, and with many metals to form double cyanide groups 
which are only very slightly ionised in solution. 

Chemical reactions occurring during solution of Au and Ag in the cyanide process have 
not yet been precisely determined. They vary with the nature of the ore, presence of base 
metals, and conditions under which solution is effected. Following fundamental reactions 
are generally accepted: 


2 Au -I- 4KCN + 0 + HjO 
2 Ag + 4KCN -f O -1- HjO 


2 AuK(CN)j + 2 KOH \ 
2 AgK(CN)* + 2 KOH / 


Eisner’s equations. 


Similar equations apply when NaCN is used. They idl represent the combination of 
CN with metallic Au and Ag, assuming the necessary presence of O. But, it is probable that 
an intermediate reaction takes place before formation of the double cyanide of Au or Ag, 
St*: 2 Au -f- 2 KCN -4- O -f- H*0 ■< 2 AuCN + 2 KOH, which, with an excess of KCN, 
yields AuCN KCN - KAu(CN),. 

When silver sulphide is attacked, the reaction may bo: AgjS -f 6 KCN -f- O -f- HfO ■■ 
2 KAg(CN)j + KCNS -f 2 KOH, or Ag,S + 4 KCN « 2 KAg(CN)j + K,S. . Eotasrium 
thiocyanate (sulphocyanide) is often found in working solutions, affording a basis for the 
former of these two equations. 

Variations in reactions are caused by presence of base metals, as sulphides or other salts, 
and solulfle salts of alkaline earths, always present in ores. 

In practice, oxygen is absolutely necessary for the reaction, though its function is oon- 
ridered by some to be largely depolarising. In certain modified processes it is supplied 
«h«minally by addition of KMnOt, MnO*, or other oxidising salts; but this genendly costs 
more rhan to bring O into contact with the pulp by mechanical aeration, or by successive 

teachings and drainings. ...... 

’ Relative idubilities of cwtain metals in cyanide solutions are stated by Ciennell to be 
the same as their electrochemical activity in such solutions, in following order: Mg, Al, 
Za, Ou, Au, Ag, Hg,'Pb, Fb, Pt; hence any metal would replace all metals following it in 
the above order, and would precipitate them from a cyanide solution by what is known as a 
tPl^oal displaiwmffiat reocth^ 
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NaCV v$ KCN. NaCN !■ gennally pr^«rr«d to ECN, beeauw it ia eonaidaraNy 
ohaaper and haa more availaUe CN per unit of «t, 63% againat 40% ; the diaaolving power 
of NaCN ia therefore 32.05% greater than that of KCN. CknnnierdaUy, the atrength of 
NaCN ia aomatimea quoted in pereentage of equivalent KCN, thou^ the recent tehdenoy 
ia to figure working aoiuticma on baaia of tJie NaCN actually uaed- 

Oxidizing agenta. A number of oxygen-bearing aalta, when added to cyanide aolutiona, 
inoreaae the rate of eolution of precious metals, and sometimes have increased the total 
extraction: among those are KjMn 04 (potanium permanganate), NaiOi, and MnOj. 
Their beneficial effect appears to consist in partial oxidation of interfering substances, and 
rapid supply of required O, but their excessive use may result in destruction of cyanide. 

Naacent CN. KiFe(CN)( and BrCN react, without presence of O, to liberate CN in a 
cyanide solution, and nascent CN has greater affinity for precious metids thim when in 
. combination as KCN or NaCN. Liberation of CN by these sidts ia shown by: 

KiFe(CN)6 + KCN - K 4 Fe(CN), + CN, and BrCN + KCN - KBr + (CN)* 

The latter equation represents the supposed basis of the BrCN process, in which the 
reaction in presence of Au is stated to be: BrCN 3 KCN + 2 Au ■■ 2 KAu(CN)i + KBr. 
The reactions in this process are not thorotighly understood; probably the greater afiSniiy 
of nascent CN for Au makes it possible to dissolve Au in such telluride ores as are not 
attacked by simple solutions of KCN or NaCN. So far as detennined, no bromide of Au ia 
formed by the use of BrCN. 

When ferrocyanides are present in working solutions, HgCl* may be used to disintegrate 
them, by formation of double mercuric cyanides, which dissolve precious metals without 
additional O. The cost of HgCl* limits its use. 

Strength of solution. The average Au ore requires solution strength of 1 to 2 lb NaCN 
per ton, and the average Ag ore 3 to 5 lb per ton. Percolation usually requires stronger 
solutii^ than acptation, probably because the necessary oxygen fails to reach th4 pulp as 
quick^ and effectively. 

Selectiva solubility. The base metal sulphides dissolve relatively slowly in cyanide 
solutions. Though their oxidised compounds apparently dissolve as rapidly as Au and Ag, 
certain of the resulting cyanides (c g, that of copper) are known them^vea to be solvents 
of Au and Ag, whence the effect of such base metals is often rather to increase cyanide con¬ 
sumption than to lower ultimate recovery, provided free KCN or NaCN is kept up to 
strength. 

It haa been supposed that presence of certain metals retards solution of Au and Ag, but 
in case of such interference the cause is apt to be elsewhere. Thus, in treating certain 
tmilingn in New South Wales, in which the Au was contained in SbiS*, it was found that 
the Sb caused no consumption of cyanide except when the solution was too alkaline; in a 
neutral solution, the only difficulty lay in disintegrating the Sb*St to reach the fine Au. 

Heated eolutioa frequently yields Idgher extractions in laboratory teats; commercially 
it ia generally found that the increase is not appreciable, and excessive heating of solutions 
may destroy part of the cyanide, while also increasing its solvent action on base metals, 
with entailed losses of cyanide. Heating of solutions also expels oxygen, thereby neaessi- 
tating increased aeration of pulp. 

Chemistry of precipitation. Recovery of precious metals from cyanide solutions is based, 
theoretically, on th^ reaction: 2 KAu(CN)* + Zn KfZn(CN)4 + 2 Au. Practieslly, 
precipitation takes place only in presence of free cyanide, thus: KA.u(CN}* + 2 KCN-f* 
Zn 4- HjO - K,Zn(CN )4 + Au -i- H + KOH. 

Interfering conditions. In actual operation there is always an excess of Zn, which ia 
also dissolved by the KCN as KiZn(CN)4, without necessarily precipitating any Au. In 
the precipitation boxes, other metals are generally present, forming electric couples with 
Zn, which electrolyse the water, liberating O and forming Zn(OH)t. This combines with 
free cyanide, fonning a soluble double cyanide (possibly an alkaline sincate). Unless excess 
of cyanide be present, precipitation of Zn(OH)i, ZnO, or perhaps Zn(CN)*, will take ifiace,’ 
covering the Zn shavings with a white deposit, and impeding precipitation of pieoiotts 
meti^. Tna alkali, or excess of cyanide, prevents formation of this white dqxwit by redis- 
•olving the Zn predpitate; hence a solution to be precipitated should always contain exeeas 
cyanide xx be stronidy alkaline. But, the double ferrocyanide of Zn and K, which fre¬ 
quently deposits on the Zn shavings, is but slightly soluble in alkaline or cyanide solutions, 
and may form enough deposit to interfere with precipitation of the precious metals before 
the Zn Aavings have been completely consumed, thus neoeadtating an earliwr elesn-up 
than piherwise required. 

dight extent, AliOi, SiO*. CaO, and Fe may be precipitiried on the Zn, retarding 
precipitation of Au snd Ag. Cu intwferes still more, as it will completely coat Zn shav¬ 
ings. If the shavings in the first predjHtation box compartments be coated with Pb, neady 
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all tlia Cn can be pteeipitated before the eolution readree the oompartmenta in whfeh the 
Au and Ac are to be ooUeeted. Zn may be thus prepared by (tipping in a 10% aolotian of 
Pb(CsHtOi)s (lead acetate); Pb dravin^i alao mi^ Im mixed witii the Zn in the firat com- 
pax^enta, to fumiah a Zn-Pb couple. As, 8 b, and Fe ate dao thrown down on the Zn; 
but, while often oauaing trouble in aubaequent treatment of precipitate, th^ do not 
generally interfere with the precipitation reactions. 

Zn ahavings and Zn dost. The uae of Zn shavings has been largely replaced by Zn 
dust, as being more efficient, requiring a smaller instoilation, and showing marked eoon< 
omies in operation. 

Ahiminiun dust has bean aucceasfuUy used instrad of Zn for precipitation, especially 
when the ore contains considerable As. It has the advantage t^t A1 does not replace 
precious metals in cyanide solution by forming a CN compound; hence the fouling of solu- 
tions with Zn and As is avoided. While not so efficient a precipitant for Au alone, in the 
case of solutions carrying Ag, the precipitation of both metals is complete. The presence of 
lime should be avoided, or soda ash added to the circuit, because any calcium aluminate 
formed will foul the precipitate. 

The reaction is possibly: 6 NaAg(CN)( + 6 NaOH + 2 A1 ■■ 6 Ag + 12 NaCN+ 
2 Al(OH)i. The Al(OH)s is redissolved in the excess alkali to form NasAlfO«. Another 
reaction, with evolution of H, is: 2 NaAg(CN)t + 4 NaOH + 2 A1 2 Ag + 4 NaCN+ 
Na4Ali04 + 4 H. 

Charcoal, especially soft-wood charcoal, has been used as a precipitant. The reaction 
at time of precipitation is not yet understood, but it has all the charactetiatics of an adsorp¬ 
tion phenomenon, and the activity of the freshly prepared charcoal has been ascribed to 
occluded gases, probably H or CO, which act as reducing agents. There seems to be no reac¬ 
tion between C and the soluble double cyanides. Gold so precipitated is not readily redie- 
solved in KCN solution; and there is known to be a loss of KCN during precipitation. 

Continued re-use of solutions ultimately results in accumulation of Zn salts, and even 
if proper strength of free cyanide be maintained, the solution may become foul and lose 
part of its dissolving power. It has been advanced that the fouling of solutions is due in 
part to formation of double cyanides of Zn with other alkaline earths besidm Na or K, 
or of double cyanides of other base metals and alkalies. It has been proposed to add 
enough Hs 804 to decompose double cyanides, and then some hydrate to precipitate alkaline 
sulphates, with regeneration of the cyanide. 

Cyaniddes; loss of cyanide. A cyanicide is a substance in an ore which either com¬ 
bines with CN or decomposes alkaline cyanides, so that a solution loses its dissolving 
power. Some loss of CN may also occur, by decomposition, without presence of oyan- 
iddes. KCN and NaCN are deliquescent, and are slowly decomposed by moisture. 

Loss by HTDROPTBU is represented by the reaction KCN + H|0 » KOH -f HCN, the 
CN escaping by volatilization. Loss by absorption op O occurs thus: 2 KCN -i- 2 0+ 
4 HsO K|CO« H- (NHiltCOj. In presence of COi, decomposition takes place thus: 
KCN COi -f H|0 "• HCN -f- EHCOi. In practice, the losses of CN represented by 
above equations are very small. 

LoMes due to cyaniddes in the ore may be very serious. They are caused chiefly by 
soluble sulphides, sulphates, and arsenates, and by some salts which are insoluble in water 
•but react with cyanide solutions. Fe, Cu and Zn salts, especially in oxidized or semi- 
oxidized ores, are apt to react by the formation of double cyanides of the metals with K or 
Na. Free acid in an ore causes liberation of HCN; obviated by maintaining suffident alka- 
liniigr in the pulp. In the solution of sulphide ores, KtS or NatS is formed; if then the 
cyanide solution be allowed to become weak, these afkaline sulphides may accumulate 
sufficiently to revwse the reaction mid re-predpitate Ag as sulphide; or the alkane sul- 
phidra may oxidise into sulphates, or may form thiocyanates, thus consuming either the 
available O or the CN, and decreasing the dissolving i>ower of the solution. 

Both MgsSOi and CaS 04 decompose alkaline cyanide solutions; arsenates of Fe and 
other metals also react with CN solutions and destiny tiidr dissolving power. WhUe FeSi 
does not react with cyanide quickly, nor to an appreciable extent, ferrous sulphide and 
ferrous and ferric sulphates combine actively. Untarnished sulphides of Cu and Zn are 
practically unattaeked by cyanide solutions, but thdr carbonates, oxides, and solphatea 
react rapi^. 


8. OUTLINE OF THE PROCESS 

Hecoveiy of Au and Ag by eyanidatioa oontists broadly of 4 operations: (b) preparation 
oKtheoie; (&)■ solution of predous metals; (c) separation of dissolved metals; (d) prad|»- 
pud refining of product. After preparing cm ore, the pulp may be classified into 
coarse and tine products^ (banpb ano euuas) which may be treated aeparately; or, all the 
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OM may be groond ywy fine and treated together by.the ALiHiuxofa prooew. Variatkms 
in preliminuy treatment will be deaciibed in general outline, but many ores present prob> 
lems requiring q>eeial modifications. 

8an^ w^n treated separately, are usually diarged into vats or tanks having filtw- 
bottoms, where they are given a auooesaion of percolation leaches with cyanide solution, 
foUowed by weak solution and water washes. 

SUmes refer strictly to the colloidal and semi-coUoidal portion of the pulp; but in prao> 
rice they are usually considered as being the portion that is composed largely of partioles 
that will pass a 20O-meah screen. They can be treated by cyanide solution in agitation 
tanka, followed by separation of the metal-bearing solutions from the solids by settling and 
filtration. 

Predpitation of precious metals from the pr^pumt solutions, formerly done by Zn 
shavings, is now almost exclusively by Zn dust. Other methods that have found restricted 
use include electrolytic action, sodium sulphide, aluminum, or charcoal. The precipitate is 
dried, melted with fluxes, refined and cast into bars. 

Cyanidation of concentrates. Concentrates derived from Au and Ag ores by gravity 
or flotation methods consist mostly of heavy sulphide minerals, commonly FeSj, mixed 
with particles of gangue. 

When applied to concentrate, cyanidation must be modified. Percolation methods have 
not been found satisfactory, owing to the comparatively long treatment requir^ for extrac¬ 
tion, the difficulty of maintaining protective alkalinity during the application of succesmve 
woehes, and insufficient aeration of charges. 

Preparation of concentrate for cyanidation by air-agitation generally demands very fine 
grinding. If the concentrate must be stored to accumulate a satisfactory charge, it should 
be protected against exposure to air and oxidization, with formation of soluble sulphates 
and free acid. It has sometimes been necessary to roast concentrate; also a preluninary 
filtiation with neutral or add wash, or pre-liming treatment, has been umd to remove oxides 
of base metals, and counteract the effect of flotation reagents. 

Besides fine grinding, the points requiring special attention are: a sufficiently strong 
solution, long enough agitation to secure proper aeration, maintenance of protective alka¬ 
linity, and avoidance of settling and packing of the pulp in agitation tanks. In estimating 
the probable cost, the loss of more solution through fouling must be counted on than when 
treating ores, and also a greater destruction of cyanide in the solution. To reduce cyanide 
consumption, higher pulp dilutions than in direct ore treatment are desirable, and successive 
addition of small amounts of KCN is benefidal. 

Strength of solution for continuous treatment varies from 2 to 4 lb NaCN per tim, 
depending on Ag content; but larger quantities may be required for the batch treatment 
of rdractory ores. On certain Calif concentrates, as short a time as 22 hr has sufficed to 
extract 90%, while in New Zealand, 10 days’ agitation with an 8-ib solution has been 
necessary to extract 96%. In some South African mills, concentrate is ground in a 4rlb 
solution, foUowed by 72 to 78-hr agitation in a 12 to 16-lb solution, the extraction being 
only slightly over 90%. 

Advisability of cyanide treatment of concentrates depends on both metallurgical and 
economic factors. Where gravity methods followed by barrel amalgamation are used, the 
amalgamation tailing can usually be returned to the main circuit. Where flotation can be • 
used, the cyanidation of the concentrate often results in a large enough saving over shipping 
to a smdter to p^ for cost of plant installation. The question of aU-cyanidation vs flots^ 
tion-oyanidation is usually a matter of the association and flotability of the gold and gold- 
buring minerals present. The combination-type plant is usually dieaper to build and, if 
the gold is not too finriy disseminated in gangue material, such a plant usually yields hi^er 
net returns. 


9. PItEPARATION OF ORES 

Crushing (See 28). Run-of-mine ore is crushed in jaw or gyratory eruriiera to approx. 
2.4a rise. One or two stages may be used, depending on size of plant. Following tiie 
primary crushers, practice varies. Modern stamp mills tend toward heavy stamps, with 
comparatively coarse screens (0.26-0.7S in). If stamps are eliminated, secondary crushhig 
is usually practiced, reducing the ore to at least itil minus 0.75 in, by rolls or fine gyratory 
crushers, such as the Symons' short-bead cone crusher and the Type B Newhouae. 

Hapil sorting, for removal of waste or high-grade ritipping ore. may imraediatriy f(d- 
the first crushing (Sec 28). When ore is wet and dirty, it must bemreened and washed 
iUpre sorting; Practice of sorting out wmte is decliniag, due principally to imi»oved 
^underground work in sending cleaner ore to the miU. ' • 
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8craMiiis« Host prsetie6 cuplora griMliM or wsosiu sIimmI of primary 

enubwa to takeout underriie, and a h ak in g or vibratini scFeeoB, cloaed-ciroaUedwith aeoond- 
ary machines, to make a uniform product for fine grinding. Slotted, or ton-cap, medi is 
more generally used than square mesh, as crusher capacity is tiiereby increased without 
corresponding reduction in grinding capacity; explained by the fact that rock slivers pass¬ 
ing such openings are broken down relatively easily. 

Grinding may be in single- or multiple-etage. Crusher or stamp-mill product is reduced 
to the final aise required by ball-, rod-, tube-mill, or a comlunation of these. 

Under certain conditions the ore may be reduced from the primary crushers to fipiaihad 
product in one mill. The modem tendency is to reduce the ball-, rod-, or tube-mill feed to 
at least all minus 0.75 in. With multiple-stage grinding the first stage is usually carrM 
to about 20-30 mesh in ball- or rod-mills; subsequent grinding in ball mills using a smaller 
ball aise, or in tube-mills, using steel balls, flint pebbles, mine rock or composite loads. 

To obtain max efiSc from any type of grinding mill, the mill should work in closed circuit 
with a classifier. This closbo-cibcvit qbindxno consists of operating the mill and classifier 
so that the mill discharge passes to the classifier, and all finished material is overflowed. 
Oversixe material is returned to the mill, Batio of tonnage passing in a given time through 
the mill to original tonnage is the ciBCvnaTiNG load; within certain limits, the capacity of 
a ball- or tube-mill varies directly with this load. Modem practice is to carry circulating 
loads in these mills of 300-500%, with tendency to go higher; in rod-mills, about 175%. 

Fineness required for highest economical extraction differs for each ore and can be 
determined only by experiment. In exceptional cases of very porous ore, satisfactory 
extraction can be made by percolation from sands as coarse as 0.25 in. Fineness usually 
must be at least 30 mesh, varying from this to all minus 200 mesh. 

On the Central Rand, ore is ground to approx 75-85% tiirough 100 mesh; on tiie Far 
East Rand, practically all the finished product is 90 mesh, about 75-85% being 200 mesh. 
In Ontario, Au ore is ground to about 85-90% throui^ 200 mesh, and in some recent 
Canadian practice to all minus 200 mesh. In the cyanidation of oonoentrates it is not 
unusual to grind the product to all minus 325 mesh. 

In general, Ag ores require finer grinding than Au ores. Mexican practice, in "all- 
slimin'g” plants on Ag ores, is to grind to approx 75-80% through 200 meidi. Nipissing 
mine. Cobalt, Ontario, grinds to about 98% through 200 mesh. 

Grinding in cyanide solution is customary unless the ore requires preliminary washing 
to remove eyanicides (Art 7), or undergoes preliminary amalgamation or other treatment. 
The recovery by amalgamation in cyanide solution is reduced. Grinding in water causes 
accumulation of solution, and a part must be sent to waste. In Au ores using very low 
strength of cyanide (1.0 to 1.5 lb), this loss may be small, but in Ag ore, generally using a 
much stronger solution (3 to 5 lb), the loss of cyanide would be serious. 

Preliminary treatment may consist of roasting or washing the ore before the secondary 
crushing, concentrating after primary or secondary grinding, floating with unit cells in the 
grinding circuit, or after final reduction of all the ore. If the ore contains much clay, roast¬ 
ing dehydrates it and renders it more porous and brittle; or, if of low value, the day can 
be removed by washing. Cost of roasting is usually greater than the benefit derived. Pre¬ 
liminary aeration with lime may also reduce the effect of eyanicides. 

Roasting also decomposes tellurides, arsenides, and antimonides. If not a dead roast, 
the resulting oxidized salts injure rather than aid cyanidation, and a washing step should 
be introduced. Roasting will not remove CaS 04 or MgSOi and may not eliminate all the 
ferric arsenate. There is usually no appredable loss of Au or Ag by volatilization during 
roasting, provided-chlorides are absent and temperatures not too hi^. 

Pr^minary treatment by flotation will often remove eyanicides and interfering miner¬ 
als. Addition of oil during grinding often eliminates re-precipitation of precious metals 
fay graphitic schist. Oil apparently coats the graphite particles, rendering them inert 
durii^ the process. 

Tube-mills, 14-22 ft long by 4-6.5 ft diem, were formerly common for fine grinding, Iwt 
ate now used only where supply of pebbles is ample, as on the Rand. Current practice 
uses shorter mills of larger diam, with rods or balls. 

Earliest mills had peripheral discharge; modem mills have a false end-screen liner and 
lifting scoops to assist discharge, or overflow through the discharge trunmon. Scoop 
feeders to asrist closed-circuit cla^fier arrangements are desirable, though in using mine 
rook as a grinding medium, an open-trunnion feeder may be the only practicable device 
for gwttbig the ore into tiie mill. Combination scoop and trunnion feeder w also used. 

Speed of tube^nill depends on diam; 31 rpm is recommended for 4-ft mill, 28 rpm 
for 6-ft, 25 rpm for 6-"ft mill. Grinding media depend on local conditions; mino rook has 
idniftfit eB^^^ replaced imported flint pebbles, but where these are not smtable, steel or 
wliite4roii balla m«y be vsed, or a composite load of balls and pebUes or mine-rock. 
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Unlnc of tabo-mUlt^ay budleablookawtin omest, steel,or white irutu Discarded 
rails can often be used, bolted or Kwdged against a falM plate liner. The pebbles roll 
over the bars and grind on the surface of the plates. Many other types of corrugated 
and over>lap special steel liners are in use. 

Ball>niills (Fig l-'S), 03 dindrical or conical, use steel or C>I balls for coarse primary 
grinding; length of miU, approx equal to diam; balls im to about 5 in. For finer grinding, 
mills are longer and, for comparatively fine origimd feed, balls are smaller. Initial ball 
charge should comprm balls of various sixes; subsequent chargee, all of latest sise. 

Rod-mills resemble cylindrical ball-mills, but have steel rods lying horis along full 
length of mill. Possibly they consume less power than ball-mills, per unit of work. Tmfml 
charge of rods is of various sises. They are of special high-carbon steel, so that when worn 
down they will break up instead of winding around the larger rods. Rod mills tend to 
produce less fines, as the grinding is more by crushing and attrition than impact. Henee, 
they are less suitable for very fine grinding than ball mills. 



Capacities and hp of miUa. A tube-mill 6.6 ft diam by 22 ft long takes a pebble load 
of approx 14 tons, and will crush about 160 tons per 24 hr from'—>/& in to —90 meah with 
feed rates up to 3M tons, and uses about 100 hp. Some 30-40% more power is required for 
starting. Diameters vary from 4 to 6.6 ft, the latter requiring 260-hpmotiH«. Aoylindrioal 
btdl mill 6 ft diam by 5 ft long, with grate discharge, will take a ball toad of about 7 tons, 
will use 90 hp, and crush 160 tons of 1 / 4 —* /g-in feed through 65 medi. Mills 8 ft diam by 6 ft 
long will handle dose to 600 tons per ^ hr, using about 200 hp. Corresponding ooniosd miUs 
for similar capacitieB would be about 7 ft diam by 36 in, and 8 ft diam by 60 in. The above 
are approximations only; actual figures in specific cases depend on the grinding chanwter^ 
istics of the ore and type of grinding-claeaification circuit employed. 

Cost of tabe-miDlag varies greatly, according to coat of power, labor, and pebbles, mid, 
is dependent also on character of ore, sise of feed, and finmiesa cd gimding. Costs'ratagg' 
from 9 to 40^ per ton, with 20^ an aver figure under favorable conditions, where pdwsr 
re pre iie n ta about 30% of totd coat, labor and pebbles and repairs 60%. 

tSluslfying. M grinding in ball-, rod-, or tube-miUs should be done in dosed drouiA 
with a'idaadfier. Change from open- to dbaed-drouit often increases miUeapaeity36-60%i 
Cones were formerly always umd for classification, but have given way to m e cha nic al ' 
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olaasifieni, aa tiie AJdna. Dorr and E^peawua, or iy|li. DifladTantaces of oonea are 
their relatively large head room, failure to handle high circ ulatin g loads, anti need of oon> 
atant riuperviaion. Dorr olaasifier, both aingle-atage and bowl type, ia moat widely used. 



Fig 2, Matey Cylindrical Ball-null 


T]VeB of daaaifler. Dorr ciiAssiFiaR, single-stage, consists of a settling tank in form 
of an inclined trough open at upper end. Feed enters near center, and the liquid and alow- 



Hg 8. ABia-Chalmen Ball Granulator in Closed Circuit with Dorr Duplex Clastifier 

aettling aolida overflow at closed end; wdiile sands or quick-settling solids are conveyed 
along the botto m by m e c haai e al reciprocating rakes, and, after emerging alx>ve the liquid, 
i^e discharged at opm end. All parts moving rm mie another are above the liquid, tlnai 
11 — 2 * 
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ninimixing unmt. This dassi^ is made to bao^ toimagefi from 4 to 1 600 per dlQr, and at 
fepaniions from 10 mesh and finer. Bowt. ttpb (Fig 4), a devdopment of the Dorr 
classifier, is well suited to separations at 80 mesh and finer, especially where a cUlm rake 



ptoduot is required. It is a two-stage automatic baffled return dasaifier, feed bdng intrO’ 
duoed through a shallow well at the center. Fines overflow the periphery, and are carried 
off by the overflow launder. Sand or oversize is plowed to center of bowl, and discharged 


Fig 4. Dorr Turret-bowl Classifier 
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into the xnain tank, whence it is removed by reeiprocating rakes as in 'tihe sinide*sta|te 
machine. Wash water or solution is sprayed onto the sands just beJbris they leave the 
pulff level. This type is now used almost exclusively in new plants to separate sands hud 
slimes in a "two-product” process. Clean sands can be sent directly to treatment, 
eliminating cosUy transfer in older installations using cones or spitskasten. Axmi 
CLAttuFiBB (Fig 5) consists of a large-diam spiral conveyer, set in an inclined semi¬ 
circular trough. Oversize quick-settling material is conveyed by the spiral to upper dis¬ 
charge end. Espbbanza clabsifier is a tank placed similar to the Dorr. Oversise is 
removed by a continuous-flight drag line, revolving on pulleys set at both ends. 
machine has found its principal use in El Oro district, Mexico. 



Fig S. Akins Classifier 


Dewatering and thickening. Finely ground product from classifiers, or slimes from a 
sand-slime separation, are dewatered or thickened in a continuous thickener. 

Dorr thickener (Fig 6) is almost exclusively used for this purpose. Its mechanism may be 
installed in a tank of convenient size, with a circular overflow launder and a central dis¬ 
charge pipe. A central shaft carries radial arms with short rakes, which, by revolving 
slow^, move the settled slimes toward central discharge. Bottom of tank may be slightly 
conical, conforming to inclination of the radial arms; or, if the tank be flat, the accumu¬ 
lated alimea soon form a conical bottom surface. Feed enters at a central well, discharging 
below the overflow level to avoid surface currents. A thickener under 50-ft diam requires 
leas than 1 bp. A diaphragm suction pump regulates the discharge and elevates it to fhe 
top of tank. 

A recent development, the Torq thickener, eliminates the Bui>erstructure and employs 
a centerpiece carrying rakes, so suppoited that they ride over resistant areas in the tank. 
For heavy-duty work the Traction thickener has a rake drive carried on the rim instozd 
of at the center of tank. 

Balanced tray type consists of two or more superimposed thickening compartments in 
one tank, with radial rakes attached to a common shaft. Each compartment has a hydro¬ 
statically balanced feed and its own overflow pipe, while the thickened sludge discharges 
through a central opening in bottom of tank. 

Combination type (Fig 6), used for cotmter-current decantation (Art 12), consista 
of a single thickening compartment superimposed on a series of tray compartoients. The 
thickened feed passes to the agitators (not shown), and after treatment is returned to toe 
first tray mixed with overflow wash solution from toe tray immediately below. This process 
is repeated one or more times, and the washed pulp finally discharged from toe bottom. 
The thickening zone is separated by an air seal, and toe washing zones by an inverted cup 
and seal. Fig 6 shows normal design. For chemical work, with hot or caustic solutionsi 
the tank and box are covered, and overflow is controlled by adjustable sleeves, oi>eraied 
ihnn outside of box. 

10. SAND TREATMENT 

Taiikfi. Sands, after separation from slimes, are charged into tanks fitted with fiUw- 
bottoms, eomasting of a grating overlaid by cocoa matting and canvas. Sometimes a layt^ 
sand is charg ed on toe filter proper, and over this is spread a grating to limit shoveling 
of the tailing * when toe tanks are discharged. 
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Bottom gratfng is arranged to insure free circulation of the filtered cyanide solution (m 
the tank bottom towards the solution discharge pipe; there should be always enough ori« 
fiees through the supporting frame of the bottom grating to allow all parts of the tank bo^ 
tom to drain freely towards the discharge. The canvas, placed over the cocoa matting, is 
ealked around the edge with rope; it is also calked around the discharge gate when the 
tjmlf is discharged through tiie bottom by shoveling, sluicing, or by a mechanical exoaVator. 



Depth of tanlf depends on fineness of sand and amount of dune earned. With clean 
coarse sand^ tunlra may be deeper; in practice, depth is 6 to 10 ft. Depth is decided upon 
after experimenting with the ore to be treated, to determine the rats of percolation. 
This rate diould be between 1 and 3 in or more per hr for 8atisfacto]7 results and the pulp 
^ so classified that the resulting sands shall have at least this rate of percolation. 
TMift'Mteth treatinent being determined, and rate pf percolation and depth rf tank 
dldBlid^^e area of tank is made such that one or a number of tanks will htdd approximately 
' tnill run. Tanks have capacities from 30 to 000 tons eaoh. 




























































































































SLIME TREATMENT 


33-17 


Op6ntioii« The tank is generally filled with wet pulp from ti>e claadfiere, evenly dUk> 
tributed by some automatic device. This usually consists of revolving pipe-stnns with 
perforations, or modification of this device. After filling, the sands are drained, and, if 
crushing has been done in solution, the solution is stored for re-use until it is hi|^ enough 
in precious metal content to be effectively precipitated. After the first draining, the first 
and generally the strongest mill solution is run into the tank to cover the charge. Practice 
varies as to admitting the solution at top or bottom of the tank. 

Experiments determine the stiength and number of the successive cyanide solutions 
used before washing with clear water. A variation of practice is to use downward percola¬ 
tion; continuously drawing off the cyanide solution from the bottom, and adding fresh 
solution at the top until the desired extraction has taken place. But this practice does not 
aerate the pulp so well as intermittent flooding and draining of the charge, which generally 
gives a higher extraction. 

Necessary precautions for percolation of sands: charge should be evenly distributed in 
the tanka and free from slimes which pack and prevent passage of solution. In a few cases 
it has been possible to treat clayey material by segregating the feed and using methods of 
filling tending to agglomerate the fines, and so avoid serious loss of permeability. 

Variations of practice in percolation of Au ores show following range: draining off 
water from wet charged tank, 8 to 18 hr (aver, 13 to 14 hr); leaching, 12 to 18 hr (aver, 15 
hr); washing, 16 to 22 hr (aver, 20 hr). Most mills use 1 strong and 2 weak-solution 
treatments, and 1 with wash water. Some mills have increased extraction by forcing air up 
through the filter bottom before each application of solution. Pressure used is only sufB- 
cient to aerate slowly without forming channels in the sands. Vacuum drainage is used in 
certain plants on the Rand. 

Discharging the tanks by shoveling costs most, and is used in small plants where water 
is scarce. Sluicing is cheapest, and is used where water is plentiful. Mechanical excavators 
(radial arms, carrying circular plows that are lowered into the sands and move them to the 
central discharge door) are high in first cost and are adopted only for large plants. Their 
operating cost is generally betweu that of sluicing and shoveling. 

Size of material treated, amoont and strenoth of solutions used, and Tiua or 
TRBATUBNT, must be determined experimentally for each ore. An ore especially adapted to 
sand treatment, due to its porosity, freedom from slimes, and easy solubility of the Au, may 
be successfully leached by percolation, to as coarse as ^/g-in size. Certain siliceous ores 
have given good extraction when crushed as fine as 100 mesh. A typical all -sand treatment 
is that of the Mountain Copper Co, Calif, where a gossan of limonite and quartz carrying 
$1.85 gold is profitably leached, crushing to ^/g-in size. Treatment is in ten 276-ton vats, as 
follows: 195 tons of 0.8-lb NaCN solution over 16 hr; 90 tons of 0.5-lb solution over 24 hr; 
180 tons of 0.4 lb solution over 20 hr; and 75 tons water wash over 7.5 hr. Indicated 
extraction, 73% at cost of 43^ per ton. The plant cost $75 000. 


11. SLIME TREATMENT 

Agitation of thickened slimes may be done in tanks by mechanical stirrers, compressed 
air, or, more efficiently, by a combination of these. As oxygen is required to dissolve the 
Au and Ag, some aeration is always necessary. 

Dorr a^tator (Fig 7) is the liest known device using both mechanical stirring and air. 
It consists of a central pipe carried by a hollow revolving vertical shaft, which has 2 arms 
with plows like those of the Dorr thickener. The plows draw the settled slime toward the 
center, where a jet of air raises it through the central shaft. From top of this, the pulp is 
distrilmted by revolving launders over the surface of the pulp in the tank. By certain m^i- 
ficationa the Dorr agitator can be used for either continuous or batch agitation. A sue 40 ft 
diam by 25 ft deep requires less than 3 h p. 

Devereaux and Turbo agitators are mechanical types, the first employing an open pro¬ 
peller near bottom of tank; the other, a high-speed bladed rotof, running within a similar 
stator and operating on the turbine principle. Both types draw in air by a vortex action. 

Brown or Pachuca tank (Fig 8). Where only compressed air. is employed, this is the 
common type as developed in New Zealand. It is a high steel tank with conical bottcun and 
oentral tube; the pulp is raised to the top, overflowing back into body of tank. A favorite 
aise is 15 ft diam by 45 ft high. The colloidal slimes of Mexico tend to build up on the 
tides of* the tanks, so that they require cleaning out every two weeks. As the oonpara- 
tively finittular dimes of the Rand are free from this t en dency, the aue in recent imitalhip 
tions been increased to 22 ft diam by 45 ft high. 

A Dorr agitator, requiring less tiian half the power (mechanical and air) of the Brown, 
uses a tank of convenient sixe for saving in pulp elevation, and can be equipped with a 
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podtive scraper for cleaning the tank aides. The high Brown tanka require a substantial 
foundation. 

Dilotion of To the thickened pulp charged in the agitating tanks enough stock 
cyanide solution is added to bring the pulp to the required consistency, at the same time 
maintaining the proper strength of cyanide in the charge. Dilution of the pulp depends 
upon character of the slime; thick clayey slime requires greater dilution for prompt extrao- 



Fig 7. Dorr Agitator Fig 8. Paohuoa Tank 


tion. ^taedoe varies from 1 part solution to 1 part dry slime by wt, to 3 parts solution to 
1 pwt slime. Higher dilutions are rare, as they require a larger nmnber of agitators but 
a-gihwh’treatment time. Accompanying table is useful in dealing with the sp gr of pulps; 
la-lNMM! <m a sp gr of 2.5 for dry slime. Intermediate values in the table may be ihterpo* 
Isdsd. In practice, it is usual to take samples of the thoroughly agitated pulp in a wd^ed 
of known capacity, and from the net wt of the pulp calculate the sp gr, the other data 
bsteg obtained from sp gr tables. 

, ^ Strengdi’ of sointiott. The amount of cyanide in the solution which forms the pulp itt 
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the agitstion tanka ia determined by experimenta on the ore, and variea greatly in different 
plaoea. The atrength may be expreaaed in terma of lb or per cent, but it ia euatomary to 
expreaa the atrength in lb of NaCN equivalent per ton. In general, for Au orea, from 0.5 to 
2.0 lb NaCN covera the range of atrength of aolution. For Ag ores, the range ia 2.0 to 5.0 lb. 
Where battery cruahing or tube-mill grinding has been done in solution, the atrength of 
aolution used ia generally much lower than that named above, and, to bring the pulp up to 
the proper percentage of cyanide, a stronger 
aolution ia added in the agitation tanka to 
the thickened pulp; or, if the pulp reaches 
the agitation tanka already sufficiently di¬ 
lute, cakes of cyanide are dissolved in the 
charged tank when agitation commences. 

At the same time the proper amount of lead 
acetate ia added, which ia generally done by 
suspending in the charge a loose burlap bag 
containing lead acetate corresponding in 
amount to that needed for the treatment of 
the number of tons of dry slimes in the tank. 

The charge should also be tested for protective alkalinity; the proi>er amount of lime 
to insure this is generally crushed with the ore in the battery, or milk of lime is added to 
the charge in the tube-mill. 

Some tiouble has been experienced in air agitation, due to excessive use of lubricating 
oil in the compressor cylinders. Some plants use soapsuds or graphite lubricant for the 
air cylinders, and claim that extraction ia thereby increased. 

Quantity of air required. In practice a Brown tank, 15 ft diam by 45 ft high, uses 
60-76 ou ft free air per min, at a press of 30 lb per sq in. A Dorr agitator, 30 ft diam by 
12 ft deep, uses not over 25 cu ft free air per min at 10-lb press. From 5 to 10 hp ia required 
for both air and mechanical operation. Violence of agitation does not necessarily increase 
extraction; constant agitation is needed, which will move every particle of material reach¬ 
ing the inlet of the air-lift. Control of aeration is important, for an excess can increase 
consumption of lime and cyanide, without improving extraction. 

Time of agitation varies greatly with di/ferent ores; the economic limit can be de¬ 
termined only by laboratory tests. With Au -ores, 18-36 hr generally suffices, but with Ag 
ores 36-60 hr is common and 90 hr are often required. A longer period often permits use 
of a lower-atrength solution. 

Agitation may be eithei* in batch treatment or continuous. If continuous, not less than 
3 agitation units should be employed to insure against short-circuiting of part of the pulp. 
Continuous agitation has been adopted in most districts. 



12. CONTINUOUS COUNTER-CURRENT DECANTATION 

A aeries of continuous thickeners, or a washing thickener unit, operates in such manner 
that the solids, with a small portion of liquid, pass successively from one thickener, or 



Fig 0. Diagram of Counter-current Decantation 


thickening compartment, to the next, being finally discharged as tailings (Fig 9), or as a 
product to be further washed and dewatered on a continuous filter. The main body of 
liquid moves in a direction opposite to the course of the ore and is gradually enriched. By 
each step a large volume of low-grade solution is mixed with a very small amount of hi^- 
grade solution, so that the value of the aolutiona entering each succesaive thickener with 
the Bolida ia materially reduced. 

Calculatlona for dissolved value loss. Assume (]F1g 9): 100 tons per day crushed in 
cyanide solution; 60% solids in thickener underflow; $10 value dissolved per ton of ore, 
(76% in tiie mill, 26% in the agitators); solution value reduced to 2^ in the precipitation 
aeotion j agitation m^ed out at 2 :1 soluticm to solids. Then, itY,W,X, Y,Z are values 
in doUairs per ton of solution discharged from thickeners, equations are as follows, equating 
in a^xmt of each tbickcomr: * 
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(1) 100 r + 400 F - 500 TF + (0.75 X $10 X 100) 

(2) 100 IF + 600 IF - 500 X + 100 IF + (0.25 X $10 X 100) + 100 F 

(3) 100 X + 500 X - 100 IF + 500 F 

(4) 100 F + SOO y-100 Z+ 100X +(400 X 0.02) 

(5) 100 Z + 100 Z V 100 F + 100 tons of water, value nil 




Solving, V - $2.51332; IF - $1.01832; 
X - $0.21332; F - $0.05332; and Z- 
$0.02660. Mechanical loaa of cyanide and 
lime can be similarly calculated. 


13. FILTRATION 

Filtration by gravity (Art 10) is em¬ 
ployed for percolation of sands. Filter 
presses or other appliances separate solu¬ 
tions from pulp in the treatment of sUmes. 
Pressure filters, formerly used for treating 
granular or crystalline slimes, have prac¬ 
tically disappeared in favor of the vaontTM 
FiLTSB for all pulps. Following are brief 
descriptions of the principal mechaniod 
filters. 

Oliver filter, a continuous filter of vac¬ 
uum type, consists of a revolving drum 
partly submerged in a tank about one-third 
full of thickened slimes (Fig 10). During 
a part of the revolution of the drum, the 
surface of which carries the filtering medium, 
the solution is drawn off by a vacuum pump, 
connected through a rotary valve on the 
drum’s trunnion.- Durii^ passage of the 
drum through the slimes, a cake is formed 
on the drum exterior. The slime cake is 
sprayed through succeeding arcs with bar¬ 
ren solution and wash water, which in turn 
are drawn off by the pump, and sent to 
weak solution storage or used in counter- 
current washing in the preceding thickeners. 
During the final arc in the drum's revolu¬ 
tion, the rotating valve cuts off the vacuum 
and connects the leaves as they pass that 
point with a compressed air supply. The 
compressed air, assisted by a scraper, dis¬ 
charges the slime cake for its removal to 
waste. Advantaoks: low initial cost and 
operating cost, continuity of oi>eration, few 
complicated parts and low repair costa. 
Capacity of the filter varies with character 
of pulp, but for an aver slime is about 
800-1 2(X) lb dry solids per sq ft of ^ter 
surface per 24 hr. 

American filter is of continuous vacuum. 
type, consisting of aao or more filter diabi 
mounted vertically about a chntral abaft 
(Fig 11). Each disk is divided, into 8 or 
more sectors, each of which is a rigid frame 
holding a wire body and covered witii a 
clotii bag damped in place. Individual 
sectors are interchangeable. Drainage ooti-' 
duita connect each sector to a rotwy valve. 
Cycle of operation is like that of the Oliver 
filter. Aovantaobb: economy in floor epace 
per unit of filtering area, no wiring required 
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for holding down Ae canvas, and aaae with which womordioked wctoramasr be replaced. 
DnanvANTAGaia: considerable difficulty in obtainiag effective diaplajwnent with wash 
water. 



Derxeo illWr (Shinunln) is a more recent vacuum machine, especially adapted f« 
filtering pulps containing granular mate^; it consistB of a rotating ^m, OT th em^ 
of widch is a filter medium. Rg 12 is a sectional view of ^ 14 by l4-ft machine, ahowing 
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file belt conveyer which removal the cake aftn* dieoharge. One end of drum ie open, for 
receiving the feed, removing the cake, and inspecting the opwation. The drum itself ia a 
container for the pulp, eliminating need for a tank and agisting mechanism to keep the 
pulp in suspension. Segregation of the pulp materially aidsfiltration, as the coarser particles 
fall by gravity upon the filtering medium. Hence, the action is the reverse of otifer vacuum 
filters using tanks; in the latter, segregation is a detriment, because heavy material goes to 
the bottom of the tank and is difficult to get onto the filter cloth. Also, the finer material ia 
drawn <mto the filter cloth first, and tends to clog it more than if the coarser particles were 
deposit^ first. The cake forming on the drum is carried around to a point at or beyond 
the top. At this point the filter cloth is caused to expand and contract quickly, by use of 
a valve which subjects the cloth alternately to pressure and vacuum, so that the cake falls 
from it freely, and the filter meshes ere kept clean. The main vacuum for picking up the 
cake ia applied to the drum by pipes, which terminate in the ports of a rotating valve, as 
for the OUver filter (Fig 10). The cake, on being blown off the filter cloth, drops into a 
hopper, whence it is removed by a belt conveyer, operated by the main filter drive. The 
filter cloth is not wire-wound, nor is there a scraper or roller at the discharge point. 

This machine can be used not only for fine pulp, but also fur much coarser material than 
cab usually be handled by vacuum filters. This is because no artificial means are required 
to get the coarse material onto the filter, the act of feeding the machine being sufficient. 

Butters filter is a noncontinuous type and comprises a series of filter leaves, suspended 
vertically in a steel or wooden tank. The leaves are perforated pipe frames, supporting a 
filtering medium of cocoa matting and canvcs cover. Each filter leaf is connected to a 
common pipe header. Tank ia charged with slime and vacuum applied to leaves until 
cike is formed of sufficient thickness. Retaining a partial vacuum on leaves, excess pulp 
is withdrawn back to storage and tank filled with barren wash solution. Full vacuum is 
again applied until pregnant solution originally contained in the cake is sufficiently re¬ 
moved; vacuum is again lowered, excess wash solution withdrawn and cycle repeated 
with wash water. After being thoroughly washed, cake is dropped to bottom of tank by 
reversing the air pressure on the leaves and sent to waste. Time of cycle and capacity of 
filter vary with character of pulp and local conditions; aver, about 8 cycles per day and 
about 75 lb dry solids i>er sq ft of filtering surface (counting both sides of filter leaves) per 
24 hr. Advantages claimed over continuous type of vacuum filter; better control of wash¬ 
ing cake, enabling filter to take pulp directly from agitators, thus eliminating intermediary. 
counter-current washing thickeners that are usually fotmd advantageous ahead of contin¬ 
uous filters. Dibaovantageb: higher initial and operating cost than continuous type; 
intermittent batch operation. 

Add treatment of filter surface is necessary every week or two, to remove accumulated 
lime from the filtering medium. The filter leaves are submerged or scrubbed in a weak solu¬ 
tion of HCl, while under a slight vacuum. 

Clarifying of solution. Pregnant solution obtained from filters or by decantation is 
usually cloudy. To clarify it before going to precipitation, it is filtered by gravity through 
beds of clean, fine sand; or, better, by a small Butters filter, using a wet vacuum pump. 
Several manuiaoturers have spedal pressure filters for this work. 


14. PRECIPITATION AND REFINING 

Predpitation on zinc shavings, still used in some of the older plants, has given way to 
sine-dust precipitation in moat modern plants. The clarified solution passes to a series of 
boxes containing the shavings. The solution overflows from one box, drops down a baffled 
partition and rises through the bottom of the next, and so on to the last. Each box has n 
false bottom, and all are contained in a longitudinal tank. The boxes, 6 or 8 in number, may 
be 12 to 30 in or more in width and height, with a total Imigth of 12 to 20 ft or more, and 
are of wood or sheet steel. 

The Zn shavings rest on a screen bottom, and are most effective when out about l/ie or 
l/g in wide and extremely thin, generally not exceeding i/soo in thick. The shavings, pre¬ 
pared by si>edal automatic lathes from zinc cylinders, are packed uniformly in each com¬ 
portment to insure an even flow of the solution through them. Amount of Zn is calculated 
at about 1 cu ft of shavings for each 1.5 ton of solution to be treated per day. The Zn is 
aometimes dipjMd in a oolution of lead acetate, to form a Zn-Pb couple, making the predpi- 
tation more effective. Before cleaning the precipitate from the Zn, tiie strength til ^ 
cyanide solution running through is materially raised for on hr or more; the Zn is then 
wsdied or shdeen in a separate receptacle and thq loose precipitate is wash^ down into tim 
bottom of the trou^ or launder containing the Zn boxes. The clean Zn ia moved up Irodi 
<me ccnnpartmmit to the next, until all have been cleaned, &eah Zn being added to the lower 
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comportmentB. The precipitate, with such fine or "short'* sine as may have fallen with it, is 
then dried preparatory to furthOT treatment. 

Predpitatton by zinc dust. The Merrill process of condnuous sine-dust precipitation is 
used in all modem plants. The dust is fed automatioally into a small part of the pregnant 
solution, and this mixture is added to the main stream of solution going to precipitation. 

The pregnant solution mixed with the Zn dust is pumped into a filter press or pressure 
bag filters. The bags, which are submerged, have inner and outer portions, the inner 
filtering medium being Ihoroughly washed or burned after scraping off the Au precipitate. 
Precipitation takes place almost immediately; the Au and Ag (and any excess of Zn dust) 
remaining on the filtering medium. When enough cake is formed (indicated by rapid rise 
of pressure), pumping is stopped and sometimes a little wash water forced throu^; cufm 
thm forced ^ough the line for a few minutes, partly to dry the precipitate; the press is 
opened or bags disconnected, as the case may be, and the cake removed in trays for further 
b-eatment. 

A modification of the Merrill process has been to use vacuum leaves in place of pressure 
filtering, the apparatus resembling a small Butters filter, with a wet vacuum pump. The 
mixture of Zn dust and pregnant solution flows by gravity to tank and is drawn through the 
filter leaves. An automatic control assures a submerged filter leaf, so that the Zn dust is 
not exposed to the air. The mixture of precipitate and solution circulates continuously over 
the filter leaves, assuring a uniform layer of solids on the cloth. Advantages: reduced first 
cost and simpler clean-up. 

Crows process. The de-aeration of pregnant solution prior to precipitation by this 
process has been the most striking improvement in cyanidation in recent years. It is 
adapted to precipitation by either Zn shavings or Zn dust, the latter being preferable 
(Fig 13). Few local conditions would warrant its omission from any plant. De-aeration 
is done by subjecting thin films of the liquid to a vacuum action within a dispersion tower 
or receiver. Practically all dissolved air is removed throtigh the vacuiun pump, and the 
solution is sent to precipitation without further opportimity to absorb air. Recent improve¬ 
ment in apparatus allows receiver to be placed on same level as other precipitation equip¬ 
ment, while vacuum clarification is made an integral part of the de-aeration system. 
Corresponding to importance of de-aeration prior to precipitation, the barren solution 
should be thoroughly aerated before its re-use in the dissolving circuit. 

The Merrill-Crowe processes have reduced Zn consumption to about 0.05 lb per ton 
milled on the Rand, and to less than 0.5 lb per lb of bullion from Ag ores in Mexico. 

Precipitation by aluminum resembles that by Zn dust. It is advantageous in some 
oases; but lime must be absent from the solution, as it results in the formation of insoluUle 
calcium aluminate, which produces low-grade precipitate. 

Precipitation by charcoal has been used with some success in Australia, and has possible 
advantages where the solutions are badly fouled with contaminating substances which 
interfere with Zn-dust precipitation. The combination cyanidation-charcoal precipitation- 
flotation processes of Edquist and Chapman have already been mentioned (Art 6). 

Sodium sulphide precipitation is satisfactory where Ag only is to be consider^. Ad¬ 
vantages: low cost and regeneration of part of the cyanide. Used at Nipissing mill. 
Cobalt, Canada. 

Regeneration of cyanide is partially accomplished by sodium sulphide, as well as sul¬ 
phurous and sulphuric acid. 'There are (1938) as many as seven regeneration plants in 
operation, with an aggregate daily capacity of some 10 000 tons of solution. 

MiUe-Crowe process is most generally used for recovering cyanide as calcium or sodium 
cyanide from used mill solutiona It is claimed there is a nearly complete recovery of cyan¬ 
ide from the free cyanide and double cyanides of Zn and Cu. By special reagents, a par¬ 
tial recovery can be made from the ferrocyanide. 

Process consists in acidifjdng the cyanide solution with sulphurous acid; the acidified 
atflution passing through additional dispersion towers, in which the solution flows counter- 
cunent to a relative large volume of low-press air. The air removes practically all the 
esranogen in form of HCN. By passing the air through similar towers, in which alkaline 
absorbent solution is circulating, the HCN is absorbed and sent out for re-use. Sulphurous 
add is obtsjned by burning sulphur or by roasting sulphide ores (see Art 16 for costs). 

The General Engineering Co uses ZnS 04 to precipitate free and combined cyanide. 
The relatively small amount of precipitate is then acidified, the BCN re-absorbed, the 
ZnSOi regenerated for further use, and insoluble residues recovered by smelting. 

Mdting and refining. Method depends on local conditions as to quantity and quality 
of precipitate to be handled. Au precipitate is usudly first treated with 10% solution of 
B|80< to dimolve out excess Zn, specid precautions being tiAen to vent out of tiw bufld- 
ittg any HCN that is formed. It is tiien dried, fluxed and melted in graplute erudbles; ^ 
plldpitate is geneonJly treated in a reverberatory furnace. Silver bullion is partly dsimwl 
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Iv Wowing air throng tha molten mm, the melted bullion being poured into molda and 
tilo DATfl sold direct to refineries. In the Tavener process the precipitate is Tnelted in a 
revwbisratory furnace with litimrge, the lead bullion formed being cupelled in a Q>echU 
furnace, producing fine bullion. 

Cdmiibeition of flux. For Au, aver flux is 30% NajCO,, 10% clean SiO*, and 60% borax 
glaae. Weight of flux is 18-36% of weight of precipitate; and up to 86% if precipitate is 
high in Zn. A little NaNOi may be used (3-10% of wt of flux), but an excess rapidly scours 
the cruciWe. If precipitate carries much base metal, the proportion of SiOi may be larger. 
Slag and matte (if any) are saved, and re>treated or shipped when enough accumulates. 

Short zinc. In using Zn shavings, short broken pieces of Zn accumulate in excess of the 
amount that cm be returned to the boxes. They are best disposed of by treating wito 
HtSOi and adding resulting residue to final precipitate. 


16. FLOW-SHEETS OF TYPICAI. MILLS 

Following are tirpical flow*aheets of mills operating on widely different ores. 

Mcln^e mill, Ont, Canada. 2 400 tons daily. Gold ore, 0.218 oz per ton, in quarts, 
porphyry and schistose basalt, containing 8% pyrite. Grinding with unit flotation cells in 
mill-classifier circuit, finished tailing by main flotation circuit, regrinding and cyanida- 
tion of concentrates. 
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HoOiBgw mill, Ont, Cumda. 6 000 tons daily. Gold ore, approx 0.25 oi per ton in 
dlioeoua achist containing about 4-5% pyrite, of medium hardnMs and 2.0 sp gr. Grind¬ 
ing in cyanide solution, table concentration of sulphides, concentrate reground, counter¬ 
current decantation, and two-stage filtration. 


From crushers, through S-mesh 


Four Bollinger peripheral-discharge, 7 X l&-ft mills, 
in closed circuit with four Dorr 12-ft FX classifiers. 
Overflow, 5% + 48 mesh, 54% — 200 mesh, 34% solids 


I Two hammer screen wood-pulp removers, 4 X 5 ft | 


112 Deleter tables, double-deck 


TaiUng to twelve Dorr 
tray tkiweners, 40 X 15 ft 


1 1 

1 1 


Overflow to two 30-ln 
and one 42-ia Merrill 
clarification presses. 

Precipitation by 
Merrill-Crowe process 


Concentrate reground in cyanide in 
3 tube-mills, 5 X 20 ft, in closed eireuit 
with two Dorr Hydrocyanators, 12 X 6 ft 


Overflow 97.5% — 200 mesh to two 
Dorr tray thickeners, 40 X 16 ft 


Four Dorr agitators, 20 X 24 ft; four rows 
of five 15 X 45-ft Pachuca agitators 


-i--, 

Overflow | 


Six Oliver filters, 14 X 16 ft, and twelve Dorr tray thickeners 
in 3-step counter-current decantation; Vs of tonnage to thickeners 


All underflow to nine 
Oliver filters, 14 X 16 ft 


,_JL 

{Tailing to waste | 


I Filtrate 


Filtrate and 
^ overflow 


> Mill storage } 


East Mindanao mill, Philippine Ib. Gold ore, 100 tons per day. All-sliming and counter¬ 
current decantation, followed by a filter. Clay waehed out before secondary crushing and i 
by-passed to ball-mill. Mill heads approx 23 pesos per ton; tailings approx 1.5 pesos per 
ton (par value of peso, SOfi U S cur). 
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Lw*lo miU, Psehnckt Mm. 4 200 tcoM aver daily capacity; the world’s largest silver 
esraaicUpg plant. Silver ore, Ag probably about 20 os, Au 0.2 os per ton. Twonitage grind¬ 
ing with baU-mills, mechanical and air agitation, Butters filtration and cyanide regeneratioB 
plant. 

I From crusher, 7/g in 

Three 8 X 6-ft Marey ball-mills and four 6 X 12-ft Traylor ball-mills 
close-circuited with Dorr classifiers, 6 X 22 ft, 25% —200 mesh 

_ i _ 

Eight ball-mills, 6 X 10 ft, and eight ball-mills, A X 10 ft, in closed 
circuit with Dorr claasifiern, 6 X 22 ft. Overflow 60% —200 me sh 

Nine Dorr thickeners, 483/4 X 1AV4 ft. Underflow 5 0% solids | 

Agitators: three circuits 
of six tanks 30 X 24 ft, 
four tanks 30 X 20 ft; 
and two circuits of ten 
Paehucas, 15 X 60 ft. 

68-hr agitation 


Butters filter, 187 leaves 

r 67 X 117 in. It cycles per 
_ tank per day _ 

Barren 
wash 

I ■*’ 


(.'lariiication m 11 Sweetland 
presses. Merrill-Crowa pre¬ 
cipitation in ten 40-frame preases 



Receiver of Cu and Ag 
compounds and small 
amounts of gold 


Barrel solution 
to waste 


Big Jim mill, Oatman, Ariz. Gold ore, 60 tons per day. AU-aliming and oounter-currmik 
decantation. Hard Quorta and calcite ore. 

From crusher, — l.S in | 

_ s » __ 

One 64-in ball-mill in closed 
eirouit with Dorr duplex classifier. 

Overflow, 80% —200 mesh 


24 X 8-ft Dorr thickener. Overflow to 
precipitation; underflow to agitators. 


I Butters clarifier] 


One Dorr agitator, 19 X 1* fj; 
two Dorr agitators, 13 X 14 It 


I Merrill-Crowe de-aeration 
I Merrill Zn-duM precipitation 
precipitate to tilw * “ 

barren solution to th __ 


Five Dorr thickeners, 16 X 10 ft 


tation; overflow to mill sumily; < 
underflow of last thickener to wiste 
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lUBdfonttiii EstatM, Witwatenraad, So Africa. 12 000 twu per day; mQl 

the Rand. Gold ore, 3.76 dwt per ton. Stamp milling, corduroy eoncentraf^on, tube-mifl- 
ing with aepwate "anti and dime treatment. Extraction, 06.4%, 
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But Ocdfdd, Witwatenrand, So Africa. 3 200 tons per day (400 tons rejected by sort* 
^hig). Gold ore: 7 dwt Au, 0.7 dwt Ag. 3% pyrite. A recent all-sliming plant on East 
Rand. Tertiary grinding in tube-mills in water. Dorr thickeners and agitators. Extrac¬ 
tion, 96%. Total cost of treatment, 60^ per ton. Cyaniding, lOfi. 



16. EXAMPLES OF COSTS 

Hcmeitake Mining Co, Lead, So Dak. Treating 1 400 000 tons per year by a fairly 
simple process of amalgamation and cyanidation. Costs per ton (1929); crushing, 3.8^; 
milling, 27.6fi; cyaniding, 18.9^; total, 50.3(1. 

At the South plant (milling only); stamps, 8.9(i; rod-mills, 8.4(5; amalgamating, 1.4(5; 
tube-mills, 1.4^; assaying and refining, 1.3(5; superintendence, 1.1^; miscellaneous, 1.0^; 
total 23.5(5 per ton. 

HoUinger Gold Mines, Ltd, Ont, Canada. Schistose ore. Aver value, $8.70 (1935). 
5 000 tons per day. Total cost, $0,647 per ton milled; 



Cents 
per ton 

1 

Cents 
per ton 


4 17 


4.02 


6! 16 

Tnilinits disposal... 

2.05 


2 42 


1.87 


IS 28 

Refining... 

1.36 


2 55 

Cyanide and lime. 

8.50 


1 62 

AmiKying, aampUnS. testinE. 

2.33 


3 40 

Hrutina and lightinE. 

1.84 


3.29 

Maintenance and alterations. 

3.86 



Total. 

64.74 


Milling coot is subdivided into; rod-mills, 7.29(5; pebble-mills, 5.98(5; classifiers, 1.07^; 
otbw charges, 0.94(5. Grinding wu 2-3% + 48 mesh and 65% — 200 mesh. 

Cyanide consumption per ton milled, 0.479 lb. 

CaO “ “ " 2.11 •• 

Lead-acetate per ton solution precipitated, 0.0085 “ 

Zinc dust . •• 0 0454“ 

Molatyra Poren^o Minu, Ont, Canada. Quarts, porphyry and schistose ore, 8-16% 
pyrite. Aver value in 1936, $7.61. 2 400 tons per day. Total cost, $0,698 per ton milled. 
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. Of gold reoovei'fed, 76% is made in the unit cells in ball*miU elasrifying drouit. Costs per 
ton: crushing uid conveying, 10.37f!; flotation, 27.64)!; cyanidation (concentrate treats, 

ment, see below), 
26.92^; refining, 2.24^; 
assaying, 1.43^; mill 
alterations, 1.20^; to¬ 
tal, 69.80)!. Cost of 
concentrate treatment, 
from Apl 1, 1935 to 
Mch 31,1936, is shown 
in table. 

As ratio of concentration was 9 or 10 to 1, cost of treatment was approx $2.50 per ton con¬ 
centrate. Consumption of chemicals per ton milled: cyanide, 0.628 lb; lime, 1.106 lb; Zn, 
0.084 lb; lead acetate, 

0.012 lb. 

Pachoca district, Mex 

(1934). Costs for a 400-ton 
cyanide mill in this district 
(Bryan and Kuryla Traiia 
AIMS, Vol 112, 1924) are 
shown in table. 

Prevailing rate of ex¬ 
change (1934), 3.00 pesos 
per U S dollar. 

Costs on the Rand in 1934 for 3 typical instaliations, recalculated in cents per ton 
(Wartcnweiler, Trans AIME, Vol 112, p 782): 

Plant No 1 treats 79 000 tons per month, rejecting 27% as waste and grinding 77% of 
mill feed through 100 mesh. Plant No 2 treats 208 000 tons, discarding 23%, all mine fines 

passing direct to tube-mills, and 
92% ground through 100 mesh. 
Plant No 3, East Geduld, all- 
sliming treats about 100 000 tons 
per month, rejecting 12.5% as 
waste. Grinding to 90% — 200 
mesh is done in 3 stages of tube¬ 
milling (see table for details). 

Big Jim mill, Oatman, Axis 
(U S Bur Mines, Inf Cire No 
^24, Feb, 1935). Cost per ton 
milled In 1933: assaying and 
supervision, $0,197; crushing, 
$0,104; grinding, $0,686; cyanid- 
ing, $0,802; refining and market¬ 
ing, $0,036; total milling cost, $1,825. Rental of mill, $0,612. Total, $2,437. 

East Mindanao mill, Philippine Is (E <2 Af Jour, May, 1937). Cost in pesos per ton 
milled, Oct, 1936: crushing and washing, 0.252; grinding and classification, 0.188; thick¬ 
ening, 0.044; agitation, 0.032; filtration, 0.069; clarification and precipitation, 0.069; 
refining, 0.107; water supply, 0.008; chemicals and reagents, 0.467; sampling and assay¬ 
ing, 0.166; superintendence, 0.637; miscellaneous, 0.071; total, 2.110 pesos (par value 
of peso, 50)! U S cur). 



Coarse crushing 
and 

Stamp milling 

Fine crushing 
and 

tube-milling. 
East Gciuld 


Plant 
No I 

Plant 
No 2 

Ore transport from shaft 
to plant. 

0.96 

4 56 


Crushing and aorting. 

12.22 

10.20 

*13.6 

Stamp milling. 

13.56 

10.58 

.... 

Tube-milling. 

15.48 

21.94 

27.0 

Cyaniding. 

21.86 

18.58 

19.0 


64 08 

65.86 

59 0 



Pesos 

per tun 

Distribution 

Pesos 
Iier ton 

Crushing and grinding... 

PyAnidAf.trtn . 

1.27 

1.75 

0.30 

0.14 
0.92 

Labor. 

Supplies. 

1.38 

2.04 

0.72 

0.24 

Precipitation and melting. 

Water supply. 

General expense. 

Power. 

Miscellaneous. 


4.38 

4.38 



Cent# 
per ton 


Cents 
per ton 

Tube-milling and olasaifi- 
cation. 

4.00 

0.94 

2.85 

3.91 

Precipitating. 

Reagents. 

1.37 

11.50 

0.37 

1.98 

26.92 

Agitation... 

HeAt, and light. 

Thickening and pumping. 
Filtering and clarifying.. 

Supervision. 

Total. 


17. CYANIDE POISONING 

Causes and symptoms. Cyanide poisoning may result from taking csranidea intemally 
or from inhaling HCN gas. Crbonic form of poisoning, due to long exposure to the 
fumes, is manifested by disturbance of vision, pain in the forehead and in region of the 
heart, palpitation, difficult respiration, vertigo, coughing, and attacks of suffocation. 
Symptoms of acutb poisoning, as when taken intemally, are, besides the above, oonstrio- 
ticm of throat or general contraction of muscles, and dilated pupils. Face becomes pale 
and bloated, nails blue, somethnea frothing at mouth. Ck)nvulmonB occur, followed by 
coma, and death enwes from asphyxia. 

Treatment. If poisoning is caused by Iweathing fumes, and the ease is not severe, rdief 
may be afforded by inhaling ammonia fumes and remaining in frmh air. If gas has over¬ 
came the patient, a number of hypodermic injectionB of 2 or 3% polutioa of Hj<>i nay be 
rnodo, or a 10% solution it given intemally. 
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recitation may be resorted to; or, if available, O alone may be administered. 
Hyi^ennios of etAer, strychnine or whisky are given to prevent collapse. If thQ cyanide 
JJM been swallowed, an efficacious antidote is Fe(OH) 2 , which must be fredily prepared. 
To ^ve this rem^ r^dy for prompt use (as cyanide’s effect is very rapid, there must bo 
iro delay), there Aould be kept prepared at cyanide mills the following measured quanti¬ 
ties; a 26% solute of FoSO«, a 5% solution of NaOH or KOH. and phials contai^ning a 
^ of powdered MgO. These 3 ingredients are kept in well-stoppered botUes, separately. 
To use them, 30 co of each of the 2 solutions are mixed with 2 gm MgO, the whole h«ing 
diluted with a glassful of water and given immediately. After being retained for a few 
moments, the stomach should be pumped out or vomiting induced. In absence of this 
antidote, the stomach may bo washed with a 0.3% solution of KNOs, or a dilute solution 
of Co(NOs)a. 

Pr®vention. Cyanide poisoning can be largely prevented by providing a safe supply of 
drinking water in the works and good ventilation. 

Workmen in the melting and refining room must not expose themselves to the fumes; 
poisoning w.sy be caused by HCN, and H, alone, often given off in treating precipitate 
with acid, will not support life. When As is present in the precipitate, AsHj may be pro¬ 
duced, which is quite as poisonous as HCN. Workmen must not enter tanks that have 
been left closed or covered with cyanide solution, as decomposition of cyanide may give 
off enough gas to cause poisoning. A slight poisoning of the skin is often caused when the 
hands have been out or scratched; avoided by wearing gloves in cleaning Zn boxes or 
handling precipitate. 
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PREPARATION AND STORAGE OF 
ANTHRACITE COAL 


Sue of coal 


Punched plate, 
round hole 

Over I Through 


1. MARKET SIZES OF AKTHRACITE 

Claraiflcatios. Run-of-mine coal ia classified, during preparation for the market, 
into: lump, steamboat, broken, egg, atove, chestnut (ot nut), pea, buckwheat (or buck), 
rioe, barley, buckwheat No 4 and buckwheat No 5. The large number of aiaes is due 
to tile fact that anthracite burns best when nearly of uniform size, thus permitting easy 
passage of air through the voids. 

Use of market sizes is about as follows: lump, for locomotives; steamboat, for blast 
furnace and forge; broken for domestic furnace and gas; egg, stove and nut, for domestic 

... furnace and range; pea, for domestic furnace 

Table 1 . Market Sizes of Anthracite mjj range, and steam boiler; buckwheat and 

rice for steam boiler and domestic stoker; 
(Screen openings, in inches, over and through barley, for steam boiler. Buckwheat No 4 
which each sise is made) jfo 5 are used in mechanical stoker plants, 

Punched plate, ^ replace rice and barley and pulverized fuel, 
round hole ' ‘‘Prepared sizes” is the trade name for: 

Sue of coal broken, egg, stove and chestnut, which con- 

Over I Through stitute about 60% of the total production. 

General demand for lump and steamboat has 

. ... ceased, these sizes being now “broken down” 

Broken. 31/4 41/* mto broken coal and smaller. 

Egg. 28/8 31/4 “Steam sizes” is the trade name for: pea, 

Stove. 18/16 28/g buck, rice, barley, and buckwheat No 4 and 5. 

Chestnut. 8/4 1 8/15 These are the degradation products, resulting 

Fe*. */ie V 4 from mining and handling a brittle or laminated 

Buckwheat. 6/16 ®/l 6 material, and are not especially desirable. 

. Run-of-mine is the unsized mixture of coal 

Buckwhwt No‘4;; 8/S aS and impurities, as dl^umped into the l^er. 

Buckwheat No 5.. 1/32 8/64 According to method of loadmg cars m the 

mines, it may be divided into: 

Class 1 . Hand loaded (as in flat workings), containing lumps up to about 150 lb* 
and relatively free from impurities in coarse lumps. 

Class 2 . Chute or steam-shovel loaded (as in steeply pitching seams or in strippings), 
containing lumps up to about 2 000 lb, amd frequently wet and dirty. 

Impurities in run-of-mine vary with character of seam, and with method of loading. 
During hand loading they may be partly removed, but in chute loading the entire seam, 
including all impurities and foreign matter, as clay, top end bottom rock, arid broken 
timbers, must be loaded into the car. Impurities in Class 1 usually range from about 7 to 
25%; in Class 2. 10 to 65%. 

* 

TtUe la. Run-of-mine Coal: Approximate Per Cent of Sizes from Flat and Pitch 
Workings, and Per Cent of Refuse in Each Size 


Lump. 

61/2 


Steamboat. 

41/2 

61/2 

Broken. 

31/4 

41/2 

Egg. 

28/8 

31/4 

Stove. 

• •Ae 

28/8 

Chestnut. 

»/4 

1»/16 

Pea. 

>A6 

8/4 

Buckwheat. 

6/16 

»A6 

Rice. 

»A6 

6/16 

Barley. 

8/32 

8/16 

Buckwheat No 4.. 

8/64 

8/32 

Buckwheat No 5.. 

1/32 

8/64 



Run-of-mine, 
% of size 


Percentage of refuse in each sise 


Lump and steamboat. 

Broken. 

. 

Stove.... 

Nut. 

. 

Buckwheat. 

Rise... 

Barley. 

Dirt. 


Flat 

Pitch 

Northern 

Field 

12 

6 

16 

12 

6 

20 

15 

13 

mSm 

14 

13 

mtm 

25 

20 


6 

10 


7 

18 

HI 

5 

7 

mjm 

3 

4 

WjjM 

' 1 

3 
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Standard of proporotloii dedgiuitm the peroentaBe of ovwr or under eiae and of im- 
piuritiee allowed in each see of eoal (Table 2). Bom (mixed ooal and elate) is defined as 
oohtainiqg between 40 and 65% carbon. 

Mine .ear jrield la a local term, usually indicating number of long tons of marketable coal shipped 
from the mines for every 100 cu ft of mine car capacity dumped. This measurement, for hand- 
loaded oars, is somewhat misleading. For chute loading, the car capacity is figured at its water 
level; to this, for hand loading, is added a volume edual to the borisontal area times 6 in. The 
added height of 8 in, above top of oar, is called TOPFuia. Should the topping exceed rsQuired A in, 
no account of excess is made in estimating mine ear yield, nor is it practioaUe to do so. The exact 
method would be to figure mine car yield on the weight of loaded mine oar. The present method 
admits a fair comparison between mines operating under similar conditions, A “yield** bdow a 
previously established record is at once detected, the trouble is investigated, and, if possible, 
corrected. 


Table S. Standarde of PreparatioB 

(Percentage of impuritiea and of over and under size allowed in each sise) 



* If slate is entirely removed, the percentage of bone may equal total slate and bone. 

Shipments of prepared coal from a mine, per 100 cu ft of car capac (not including 
steam sises), map vary from 0.75 ton, with very dirty run-of-mine, chute loaded, to 3.60 
ton in clean seams, hand loaded. 

Loss in prepared sizes underground depends upon: varying conditions in the coal 
seams; kind of explosives used; methods of loading (hand va chute or steam shovel); 
shocks in running over poorly constructed track; bumping of cars during gravity runs or 
mechanical haulage; frequency of dumping. Loss in the breaker is due to: poorly con- 
■Structed dumps; high drops of coal; long running chutes with abrupt turns; poor types 
of rolls and over-crowding of rolls; breakage in or on mechanical cleaners, scraping or 
belt conveyers and bucket elevators; drawing coal under pressure from deep pockets. 
None of these losses can be entirely eliminated, but they can be minimized by careful 
management and supervision over mining and transportation methods, and by pains¬ 
taking design and construction of the breaker. 

Breaker products. Table 3 gives average percentage of each size in run-of-mine, 
for Classes 1 and 2, percentage of rock or impuritira, and value of pure coal in the mine 

Table 3. Sizes of Cosl, Per Cent of Impurities, and Vstus of Products from 1 600 Tons 
• Run-of-mine Coal_ 


ClaM I 


Cla« 2 
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ein, with prioM at miney, as of 1938, aauming 1000 tons of xsatoriBl ddiTared to hreakei. 

Tabla 4 glvas peroentage of shipments of esfh sise made preparation of the 1000 
tons of run*of-mine in Table 3, imd the average and totid amounts realised, dssuitting 
each else to contain the albwaUe’percentage of impuritiee, as in TaUe 2. i^h siae in 
Table 4 contains no under or over sise, and if the maximum amounts allowed (TaUe 2) 
wtnre put into the highest-priced sises, the average price per ton would be increased. In 
practice it is impossible to screen coal without under or over sise. Hence, tests are made, 
and the screen mesh increased or diminished, so that the greatest idlowaUe percmitages 
of over or imder sise are carried in the highest-priced sises; or the screen mesh is adjusted 
to produce maximum amount of sises required to supply the market. Usually all the 
barley coal, and sometimes part of the rice, is required for the colliery boiler fuel, in which 
case the aver price per ton does not include these sises. Fuel burned at the collioy 
approximateB 5 to 10% of total production. In Table 4, Class 2 shows a loss of $1 630.48, 

TaUe 4. Percentages of Sizes and Value of Breaker Prodocta 
from 1000 Tons Pun-of-mine Coal 


EKse of 
coal 

Price 

per 

ton 

» 

Class 1 

Claaa 2 

Per 

cent 

of 

ship¬ 

ment 

Pure 
ooal. 
Table 3 

Coal 
and ini' 
puritiee 
shipiied 

Value 

% 

Per 

cent 

of 

ship¬ 

ment 

Pure 
coal. 
Table 3 

Coal 
and im¬ 
purities 
shipped 

Value 

1 

. J • • • 

fitMTntMTStr f 

4.50 

10 

85.5 

85.5 

384.75 

5 

30.05 

30.05 

135.23 

Broken. 

5.85 

12 

102.6 

107.0 

625.95 

7 


43.8 

256.23 

Baa. 

6.00 

15 

128.25 

136.7 

820.20 

14 

84.14 

89.4 

536.40 

Stove.. 

6.00 

13 

III.IS 

120.8 

724.80 

14 

84.14 

91,4 

548.40 

Chestnut. 

6.00 

28 

239.40 

266.6 

1 599.60 

21 

126.21 

140.2 

841.20 

Pea. 

4.45 

6 

51.30 

60.4 

268.78 


60.10 

70.7 

314.62 

Buck. 

3.50 

6 

51.30 

57.1 

199.85 

18 

108.18 

120.2 

420.70 





834.1 

4 623.93 




3052.78 

JLver nrim nor ton above rice. . 



5.54 




5.21 

Rioe.T. 

2.75 

5 

42.75 

47.5 

130.63 

6 

36.06 

40.0 

190.00 

Barley . 

2.00 

3 

25.65 

30.4 

60.80 

3 

18.03 

21.2 

42.40 

Dirt . 

■ • • • 

2 

17.1 



2 

12.02 



Total . 


100 

855 

912.0 

4 815.36 

100 

601 

646.95 

3 285.18 

Aver price per toi 

t all sis 

M. 



5.28 




5.08 


compared with Class 1, due chiefly to difference in amount of impurities in the run-of-mine 
(TaUe 3). There would also be a further financial loss due to increased preparation cost 
in baTidling and removing the higher percentage of impuritira. 

Breaking down large rizes. If ^e lump, steamboat, broken, and egg coal, from 
1 000 tons of Class 1, run-of-mine, Table 4, were broken down to stove, nut, and the steam 
aisea, the approximate shipments in tons and amount realized would be as shown in 
TaUe 6. The loss, $50.84, is attributable to the breakage of coal into the smaller sizes. 

Table 5. Pesults of Breaking Down Large to Smaller Sizes of Coal 


Kse coal 

» 

Price per 
ton, 1 

1 

Total tons 
shipped. 
Table 4, 
Claes 1 

Tons made 
by breaking 
down lump, 
steamboat, 
broken and egg 

Total 
tons after 
breaking 

Total 
value, $ 

Lump ) 


85.5 




Steamboat j 







107.0 




Pigg . 

6.00 

136.7 




Stove. 

6.00 

120.8 

171.2 

292.0 

1 752.00 

Cheetttttt. 

6.00 

266.6 

95.4 

362.0 

2172.00 

Pea. 

4.45 

60.4 

16.2 

76.6 

340.87 

Buekwheat.... 

3.50 

57.1 

18.5 

75.6 

264.60 

ShM. 

2.75 

47.5 

9.9 

57,4 

157.85 

Barley. 


30.4 

$.2 

38.6 

77.20 

Dirt;. 



9.8 

mmEm 



SnB 

9l2t 

329.2 

■Ti™ 

^ 4 764,52 
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TIm 19.8% of pea and onaller aiaes ia due to uae of inefficiait rolls. Witii alow'^gpeed 
itdU, having ^arp teeth, this peroentege ^ould reduce to approx 12%. Breaking* 
down losses may be partly offset by the additional percentage of impurities which the 
broken-down coal is ^owed to cany; in Table 6 the 171.2 tons of stove may be increased 
by approximately 13 tons, the 95.4 tons of nut by 9.5 tons, 16 tons of pea by 2.4 tons. 

Bconomic principle in preparation of coal m to make la^rge riiipments in jnepared 
siies of highest priced coal, each sise containing the maximum allowable percentage of 
impurities. Varying percentages of the different sises in the run-of-mine, and the 
imiKtssit^ty of Rusting crusher and re-breaking rolls to produce, at will, a fixed propor¬ 
tion of any one of the prepared or steam sizes, prevent accurate prearrangement of ship¬ 
ments. Hence, the problem of economic preparation must be worked out in detail for 
each particular breaker, by frequent tests of run-of-mine and prepared coal, and the 
machinery must be adjusted to give results as near the ideal as possible, and consiatent 
with market demands, 

2. GENERAL COMPARISON OF METHODS OF PREPARATION 

Classification: A, dry preparation; B, dry and wet preparation; C, wet preparation. 
The method to be adopted depends on the quality of coal as mined. Fig 1, 2, 3,3a and 3b 
(Art 4-6) show outline fiow-sheets of these ^ree methods. 

Class A is employed when the coal seams are dry, or are practically free from impurities, or 
when the benches of slate in them cleave free from the coal and may be removed during hand 
loading, the run-of-mine containing generally not over 7 or 8% of rock or slate, which may be re¬ 
moved by hand-picking or by dry mechanical separators. Class A offers the ideal breaker. Its 
advantages are: low cost of construction, operation, and maintenance. Shipments of dry coal 
are preferred by the trade, being free from risk of freezing in cars and consequent difficulties in 
unloading. Due to exhaustion of thick, clean veins. Class A is nearly obsolete. 

Class B is employed when run-of-mine contains a high percentage of impurities, including rock, 
elate, and bone. Though this percentage may be os high as 65%, the run-of-mine must contain 
large piecee of pure coal, to bo handled as a separate product, as in Class A. The remainder is 
sited and cleaned by wet methods to improve its appearance and to remove impurities. Class B 
possesses to some extent the advantages of dry-coal shipments, but is higher in first coat, operation, 
and maintenance than Class A or C. This class is now practically obsolete; it is replaced by Class C. 

Class C is adopted when run-of-mine is high in impurities and is discolored, as is the case near 
an outcrop; or when entire product comes from wet, dirty scams, requiring a thorough washing 
to remove ^rt and discoloration; or when character of the seam is such that the run-of-mine con¬ 
tains no large lumps. Class C permits no dry shipmer.te and is higher in first cost, operation, and 
maintenance than Class A. 

Gsnsrsl design. Referring to the fiow-sbeet diagrams, while designers may vary 
the combinations of machinery, using conveyers and devatora to transfer the product 
from one point to another, one set of rolls to break each size of coal to the next smaller, 
gravity picking chutes in place of movable picking tables, different kinds of mechanical 
cleaners to remove impurities, and stationary bars or revolving screens in place of shaking 
screens, yet the general plans of preparation are identical, and the diagrams are standard 
for their respective classes. 

Ideal breaker (Fig 1) includes the following features: dump direct from mine cars 
into the breaker receiving hopper; automatic feeders from hopper to breaker, and feeders 
to aO using and crushing machinery; sufficient height, so that all coal may gravitate 
from receiving hopper to loading gates; short chutes with automatic devices to control 
flow of coal; minimum breakage during preparation anti in loading from storage pockets; 
mechanical cleaners for all sizes of coal, when practicable, and shipment of dry coal; 
adequate outside facilities to load box and gondola RR cars quickly and with minimum 
breakage; sufficient empty and loaded car standing track to hold a full day’s output, 
tracks being graded to operate by gravity or mechanical haulage. 


8. GENERAL METHOD OF PREPARATION 

Outiine is the same for the 3 classes of breaker. Coal ia dumped into receiving hopper 
and fed automatically, or ly a hand-operated gate, on to the dump screens at the top 
("head”) of breaker. Lump, steamboat, and broken are sized from the runof-mine 
(alwasrs the first 2 sises, and often the broken also) and are cleaned of impurities by hand¬ 
picking. This cleaned coal is the "pure-coal” product, and is handled separately, except 
in a G3 m8 C breaker. It requires no additional attention except to be broken dora, 
when neoassary, sised and delivered *to loading pockets. The prepared and steam sises 
from run-of-mine including the hrokmi coal, when not handled with the pure oosl) are 
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oidifld ‘‘miid-soreen paodtiet.” TUa gravitates from dump aereena to ataing mud aorema, 
from which each aiae flows to ita respective meclmnical cleaner and then runs to storage 
pockets. In Class A, the pure and mud*screen coal are mixed and go to same pocket. 
In Class B, these sises go to separate pockets, when dry coal is desired or practioaUe; 
otherwise they are washed together and mixed. In Class C, the sixes are always 

Breaker refuae, of slate, bone, or roclc as removed by hand or mechanictd cleaners in 
all elaaaea of breakers, is conveyed by gravity or otherwise to a central point for final 
disposition, for whi<fli there are two general methods: (a) Refuse is returned into the 
min e s to fill openings left by extraction of coal. This, called smTXNO, involves crushing 
(in a rock breaker) the large pieces of refuse, from broken coal and larger axes, to about 

eggsise. This material, with 
all other toeaker refuse, is 
run through a pulverizer, 
reducing the product to 0.5 
to 0.75 in, and hydrauiick- 
ing it into the mine through 
pipes (Sec 10). (6) Refuse is 
deposited on the surface in 
BANKS, by chain or belt 
conveyer, or by dump cars, 
or by hydraulicking all or 
part of it in open wooden 
troughs. 

Silting should be given 
preference, because it adds 
to stability of the remaining 
mine pillars and helps to 
support the roof. When 
surface disposition of refuse 
is necessary, the hydraulib 
method is best, when to¬ 
pography permits, and there 
is plenty of water, li^en 
hydraulicking is not practi¬ 
cable, the conveying system 
is used, if dumping ground 
adjacent to breaker is avail¬ 
able. Banka can be carried 
to height of 100 ft or more, 
and extended in length by 
added horix convesdng lines 
or use of sheet-iron chutes 
around top of bank. To 
eliminate trouble from large 
pieces in conveying lines, 
coarse refuse is crushed to 
about egg size. When 
breaker is not close to refuae 
bank, diunp cars are advis¬ 
able, as coarse refuse can 
then be handled without 
breaking. 
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4. CLASS A BREAKER 

Details of preparation 
(see Fig 1). Shipment of 
ail sixes of coal is provided 
for, with arrangements to 
break down any size burger 
than stove into the aast 


stnaller sise, or edl sixes into stove, nut, and steam sixes, in order to supply vmying 
maiket demanda 

Run-of-mine is elevated to a receiving hopper at the head of the breaker, from wMdt 
it is fid. mechanically or by hand, over a *‘ba^" of sising sereena. Top 
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lump nee, the renudnder going through to the second screen, whi^ removes stesmbost, 
snd the third removes broken. Material jjassing titrough broken^omd screen is 
the MX7DH90BI1SN PBOocoT, and is sised into egg, stove, nut, steam sises. Sised 
lump, steamboat, and broken gravitate to their respective picking tables (eitiier moving 
or stationary), are inspected, and the pure rock, date, or other impurities are removed 
by hand to a refuse or rock chute. Pieces of rock to which coal adheres are placed on 
special tables, where the coal is chipped loose by hand and returned to its table. PuMh 
COAL PRODUCT, cleaned coal from picking tables, may go direct to its pocket; or, when 
there is no demand for lump, it is broken by “crusher” rolls to broken and smaller. When 
there is no sale for broken size, the rolls are adjusted to break it, as well as the lump, 
into egg and smaller. The pure-coal product from the rolls flows to a bank of 3 screens, 
sizing broken and egg coal. This broken coal may go direct to its pocket or to the 
BB-BREAKKR BouB, which may be adjusted to make either egg or stove and smaller. The 
pure broken coal from crusher rolls may be mixed with the broken from picking table and 
gravitate with it to its pocket, or the product is divided, part going to the re-breaker 
rolls and the remainder to its pocket, or the entire product may go to the re-breaker rolls 
The pure egg coal may go direct to its pocket or to the re-breaker rolLs, or may be divided 
in the same manner as the broken. Pure-coal product from re-breaker rolls flows to a 
broken-coal screen, the broken going to its pocket, while the undersize mixes with the 
product falling through the egg screen, set above the re-breaker rolls, and the combined 
material is delivered on a bank of screens arranged to size pure egg, stove, nut, and pea 
coal. Mud-bcbbbn products, egg, stove, nut, and pea (the first 3 invariably and the pea 
usually), contain impurities in excess of that stated in Table 3, which must be partly 
removed, to keep within the allowable limit for marketable coal. Each size gravitates 
from its sizing screen to a mechanical cleaner or separator, which automatically removes 
.impurities, the coal flowing to its pocket and the refuse to a point for disposal. Occa¬ 
sionally the mud-screen buckwheat requires cleaning, ir which case it is handled in a 
similar manner; when such cleaning is unnecessary, the mud-screen buckwheat, rice, 
and barley are mixed with the corresponding pure-coal sizes and delivered to the buck¬ 
wheat, rice, and barley screens, where each size is separated and delivered to its pocket, 
while the ^e material through the barley screen goes with the refuse. If it is desired 
to make buckwheat No 4, an additional screen is installed. While loading into cars for 
shipment, the fine dust and screenings made during preparation are removed by passing 
the coal over punched steel plates or woven-wire iav scbkens. The lip-screcn product is 
elevated to the sizing screens to be re-sized and returned to the pockets. After loading, 
the coal is inspected for size and purity, in conformity with Table 2. If it fails in this 
inspeetion, it is condemned, unloaded, and elevated into the breaker and re-treated. 

Design in Fig 1 contemplates an ideal breaker. For 1 500 to 1 800 tons daily capacity, 
total height above loading track would not exceed 115 ft. Coal passes through breaker 
by gravity, eliminating conveyers and elevators. One conveyer only is required to 
handle lip screenings and condemned coal. Roll tests show highest percentage of pre¬ 
pared sizes when breaking only from one size to next smaller; that is, steamboat to broken, 
broken to egg, etc. The breaker would then require 4 sets of rolls, thus increasing the 
height, unless re-broken material is re-elevated, but the increase in prepared sizes would 
not warrant this installation. In practice, the steamboat and broken screens, immedi¬ 
ately below crusher and re-breaker rolls, are omitted; because a sufficient percentage of 
steamboat is usually made from the picking table, in proportion to other sizes shipped 
and required for market, and the crusher rolls will break lump or steamboat direct into 
broken without oversize of steamboat, which would coudemn the broken. Sufficient 
egg can be made above the re-breaker rolls, and any oversize will be carried by the stove. 
Mixing the pure and mud-screen prepared and smaller sizes is advantageous. When 
pure coal from the tables is broken down, each size usually carries less impurity thw 
stated in Table 2; hence, mud-screen coal from the mechanical cleaners may contain 
excess of impurities without causing the resulting mixture of pure and mud-screen coal 
to exceed the allowable percentas^. 

5. CLASS B BREAKER 

Detail! of preparation (Fig 2). This type provides for separate shipment of pure 
and mud-Boreen coal of all sizes, except buckwheat, rice, and barley. General method of 
praparation is practically the same as for Class A, except that it is not necessary to remove 
all impurities, but only that jxjrtion which would condemn the finished product. If 
run.-<of-nf!tne is Claes 1, one mechanical cli»ner on each mud-screen size will uzu^ly suffice. 
H the product is Class 2 (high in impurities) a prelimiimry mechanical cleaner is installed 
for esLobi tizo at mud screen coal, to remove part of the impunties. Ihis partially cleaned 
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product gravitatec to a second mechanical deaner for final preparation, before going to 
pocket. Ordinary mechanioal cleaners (except the jig) may be adjusted to remove about 
60% of impuritieB from any one prepared nze, without constant attention; and where 
used as a preliminary cleaner it is thus adjusted. The remainder is handled by a second 
cleaner imder supervision of an attendant, who adjusts it to suit the varying impurities. 
BO that the coal going to pocket will pass inspection. Broken coal is usually handled with 
the pure cod for Class 1 run-of-mine, and with the mud-screen coal for Class 2. If average 
run-of.mine contains lumps larger than 2 cu ft, this lump coal is usually broken down in a 
separate pair of rolls, another pair being used to break the steamboat. This prevents the 



large degradation into steam sizes resxilting from cnishtng (not breaking) large lumps 
direct into broken size. 

When dry coal is not desired, nor practicable, the pure and mud-screen coals are 
int»aH after cleaning. The mode of cleaning mud-screen coal is then similar to that of 
Class A breaker, respecting percentage of impurities in final mud-screen product, before 
Tn<«ng with pure coal and the number of mechanical cleaners for each sise is entirely 
dependent on quality of run-of-mine. 


6. CLASS C BREAKER 

Details of preparation (Fig 3). This type provides for wet shipments of all aisee 
broken, since it ia rardy practicable to produce the 3 larger sises with aititogo*. 
mente to break, down egg into stove and smaller. Run-of-mine is elevated to a hopper at 
of te^er, from which it is fed mechanically or by hand into a bank of 4 acroana, 
which aiae lump, steamboat, brokoi, and egg. Lump and steamboat are "akinaed” 
cm pickin g' tables; ti»t is, only a part of the rode is removed. After being broken down 
these uses are mixed with the mud-ecrewi ooal and preyed with it. Pure lump and 
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itMmboftt sr6 orushwl to Iff okon in rolls uid flow to 2 soresns, which siso broken tuid *%f[- 
Broken coal gravitates to re-breaker rolls, and is reduced to egg or stove and smaller sises, 
gmng thence to a central storage pocket. Egg coal gravitates direct to this pocket, or is 
mixed witii the broken going to re-breaker rolls. Mud-screen broken and egg are usually 
run over preliminary meohwical deaners, from which they are handled like the pure 
broken and egg, and mixed in the central storage pocket. Undsed mixture of pure and 
mud-screen coal is fed mechanically to a bank of screens, making all rasos, each gravitating 
to its re^reotive jig btoragb pocket. This pocket is a reservoir for the jigs, accumulating 
coal during rush periods; it is necessary broauee jigs are operated at a fixed capacity. 
The jig lemoves enough impurity to make marketable coal, and from it each use flows 




to loading pockets. When the jig is emptied, the hutch product, containing nut coal and 
smaller, is washed over a jio-sIiITSh bcbbbn, of a size to remove only the coal smaller than 
barley, oversize being re-elevated to the central storage pocket. Sized coal is loaded 
and inqiected as in Class A. ; lip screenings and condemned coal are re-elevated with the 
jig-shiA-ecrsen product. 

Percentage of bone coal in run-of-mine is usudily smaU, and sized products will cany 
all the bone in a seam, if the rock is eliminated (Table 2). This treatment of bone is 
r weoniiin wTiHiiid above all others. When the bone percentage exceeds total allowalde 
bone and slate, bone is handled separately, and the preparation here is identical with 
Caass Aw B breakers. A three-pert separation is made of run-of-mine on picking tahtes: 
coal, bone and impurities. Re-breaker rolls reduce this material into egg or stove and 
smaller. ^ broken-down product being mixed with pure coal sizes in the proportions 
whwh eoeh will cany. Prepared-coal mechanical cleaners also moke a three-part sepva- 
tioiif from wgy tjiA itovo is broksn into nut and smaUoTt or stt* stovs, and nut into 
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pea and smaller; screened and mixed with sised coal jpoing to pockets. Modem 
methods usually disregard bone coal, and make no special provimon to handle it, except to 
consider very poor or heavy bone as an impurity and hand pick it into refuse from tiie 
large sises. « 

Flat coal, charaeteriatio of certain seams, aa compared with the more usual outncsl 
pieces, when occurring in sufficient quantity in mud-ecreen prepared sises, is removed by 

a fiat-coal picker before 
going to mechanical clean¬ 
er, thus avoiding difficulty 
in removing impurities 
from a mixture of cubical 
and flat pieces. Flat coal 
flows to its own cleaner, 
and the clean product is 
mixed with cubical coal 
before going to pockets. 
The quantity of flat coal 
is often sufficient to spoil 
the appearance of prepared 
sizes, when loaded. If so, 
part of the flat coal is 
removed and broken 
smaller. 

Chance system (Fig 
So), for wet shipments of 
all sizes. Preliminary prep¬ 
aration above the storage 
pocket is the same as 
for Class C breaker. The 
unsized mixture is fed on 
a bank of 4 shakers, with 

•/4, */4. */32 and ^/ie*in 

round mesh; the particu¬ 
lar object being to remove 
the minus 1/32 in and silt, 
which when mixed with 
the sand and water in 
the cone would lower the 
gravity and cause loss of 
coal. Experience shows 
that 4 shakers are neces¬ 
sary for sufficient splitting 
of the product to permit thorough washing for removing the minus 3/32 in. 

The l/i 6 -in ahakor recovers the barley sized out of the mixture, and returns it to the 
barley passing through the cone. Two cones are required, 1 for the plus S/ie in and 1 for 
the minus ^/is in to plus >/32 in. A sp gr of about 1.75 is maintained in each; refuse of 
more than 1.75 sp gr sinks, while coal floats out through an overflow to a bai^ of 2 de- 
sanding shakers, of t /4 and */ 32 -in mesh respectively. The product is thoroughly watimd, 
all flowing to the main sizing shakers, where all sizes, egg to buckwheat inclusive, are made 
and stored in pockets or loaded direct into cars. The minus */ 32 -in sand and silt through 
the de-sanding shakers flows to a sand sump, from which it is pumped back to the cones. 
The refuse timt sinka in the cones is trapped out under hydraulic s^ into a refuse sump, 
whence it is removed by a convejrer and didivered onto 2 de-sanding diakers with 1^/4 and 
*/is-in round mesh. Sand is washed out and flows to the sand sump. The plus 1 / 4 -hi 
and larger refuse contains some coal of a sp gr greater than 1.75; also bone and half-and- 
half pieces. This idioxild be treated mechanically, jigs being used at present. The minus 
>/sx4n which has not passed through the cones may be partly cleaned by classifiars, as. 
the very fines are usually high in ash and if removed produce a fairly low-ash silt (15 — 
18%). Depending on character of the run-of-mine, fine-coal jigs, taUes, or (inefetpUy) 
Rhei^veur fine-coal plants (see below) may be used. 

«The sand sump is uranged as a settling tank or an upward current dassifim'; any fine 
gilt in it will be carried to the overflow and run to a settiing tank or basin, so tiutt clear 
water may be drained off and reused. 

modem Chance breaker uses a circular cone for plus */i8-4n material and a'seo- 
^tiiagular cqne for minua ^/irba to material. All daea plus <^/i»-in irom the first 
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ocme sre d»><anded over S/i»4n me«h, underawe flowing to the second or minue 
Gone. A sp gr of about 1.75 is maintained in each cone, with a mixture of water and 
Band. The coal overflows from each cone and the minus 1.75 material is trapped out 
at bdttom of each cone, the material de-sanded and refuse going to the refuse disposal 
plant, and the mixture of sand and water going to the sand sump, to be returned to No 1 
cone. Sixes amaUer than >/ 32 -in are treated separately, either on tables or in a hydrotator. 
When this is done, the mat^al is sized out before entering the cone. Some breakers of 
8 000 ton per day output use a Chance system having individual cones for each sise. 
This has the advantage that each cleaned size can be broken down to next smaller sise. 
when required, and re-treated in the following cone, if necessary. 

Rheolaveur process (Fig 36), is for wet shipments of all sizes. Preliminary prep¬ 
aration above the storage pocket is the same as for the Chance process, Class C. The 
tinased mixture is fed into the upper end of a large-coal Rheolaveur sealed level washing 
trough, in which is a stream of running water, the material bedding itself according to 
its sp gr. Usually 2 mechanical discharge Kheo boxes are attached to this trough, the 
first or upper box traps refuse, which is elevated to a sealed level re-washing troxxgh. 
The second Rheo box traps a middle or regulating product which is returned and mixed 



with the feed. By varying the regulating product, the coal discharge at end of trough 

may be controlled. . , , , , x ■ a 

The re-washing trough is fitted with 1 discharge Rheo box, which may lie regulat^ to 

trap only pure slate, the mixture gravitating direct to refuse .. 

charged from the re-washing trough may be broken down and mixed with the run-of-mme 

feed to be retreated in the large-coal trough; or it mi^ go to the f J® 

mix with the coal discharge from the large-coal trough, to be sized with it ^ 

the pocket or cars. The large-coal trough cleans all sizes from plus Vie to 3.^m, the 

min^V Vl6-in being then treated in a “fine-coal free discharge plant, 

fine sizes down to 50 mesh. AU minus material is collected in a 

of about 50 tons capac, and elevated to the fine-coal plant, consisting o hottonfrf 

pW one over the other. A series of Rheo discharge boxes a,e 

Lch trough. A 3-part separation is made of clean coal, middlings 

and refusf The coal is sised and delivered 

regulating product returns to regulating tank, mixes Hhno hoxes auality 

t^^. CtotroUing commercial finei are de- 

of the cleaned coal may be varied *6 will. * * U \ 

watered and stocked lor shipment. (For further details, see Art H.) 
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MenziM Cone Sepantort Clasa C (Fig 3e). The principle of operation U a varUhle 
tbIoo of an upward current of water tiirou^ a stratified molnle mass of coal and date, 
within a conical separator. 

Run-K>f-mine material, egg and'smaller, enters top of cone and passes downward. 
In descending toward bottom of cone, the coal is washed upward over the top of coim into 



a launder, and tiien to a de-watering screen. The middlings (or bony) sb'atifies bdow 
the coal, and gradual^ passes throui^ a tubular or pipe section into a sealed refuse ooa-<' 
veyur, where it is discharged above the water level of the cone into refuse chute. The 
eoidia held in mspension, or rather washed over top of cone, by a hydraulic eurrent from 
a ieWintrifugal pump, ddivered to sides of the cone at fixed spacpsu Eadi current of water 
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is oontroUed by a wpaiate valve, to give the proper upward press. Coal leaving'the tone 
goes over a do-watering shaker, which also acts as a sising shaksr, and then to the pocket, 
the water being returned by a sump to the re-circulating pump. ^Preliminary preparation 
above storage pocket is the same as for Class C. Two systems are in vogue in 
with the Meuzies cones: (a) sep¬ 
arate cones for each size to be 
cleaned; (b) mixed run-of-mine 
feed from egg to pea size, in¬ 
clusive, in one cone, and buck- 
' wheat to barley size in the other. 

Wilmot Hydrotator, Class C 
([Fig 3d). In this process, only 
material from chestnut and 
smaller are cleaned, each size 
going to its respective hydrotator. 

Preliminary preparation above 
the storage pocket is same as for 
Class C. Coal and refuse are 
fed and go into suspension in a 
cylindrical tank having a cone- 
shaped bottom. The coal rises 
to top and overflows onto a de¬ 
watering screen and then goes 
to the pocket, while the slate 
drops to bottom and into a sealed 
conveyer, being discharged above 
water level of the tank into the 
refuse .chute. Water from the 
de-watoring screen goes to the 
sump, and is re-circulated by a 
centrif pump providing the upH 
ward current. This water con¬ 
tains conuderable undersize, 
consisting of coal and slate in 
sizes small enough to pass through 
the de-watering screen, this 
undersized material having a high 
spec gravity. The density thus 
produced causes the gravity 
separation. Variations in density 
produced by various quantities 
and qualities of feed, cause a 
fluctuating water level in the 
refuse conveyer, which in turn 
is controlled by an automatic 
valve admitting or shutting down 
the fresh water supply fed into 
the refuse conveyer. The re- 
eiroulating water is discharged 
into the hydrotator through a 
revolving agitator. 

E. 1. DuPont de Nemours & Co 
have developed a straight gravity 
separation, using a “parting liquid’’ 
with gravities from 1.3 to 3.0. The 
proceas includes treatment of ron- 
of-nine feed with “active agents,’’ 
wMcfa immunise the aolide against 
agent and entera a separator 
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the parting liquid. The feed is treated with the active 
containing the parting liquid of pre-determined gravity. The 
‘•4oats"are'ooiveyed'from the separator by one conveyer, while the “einks’* are re-^n^ by 
»e^n<t conveyer. The two products are thoroughly washed to recover the parting Uq«dd. wU,A k 
and clZihed in a Dirr thickener, the e«ess water going 
being rwoUimed from Om underflow and returned to the ptenl. 
h useful tot anthracite, but the Snt plant u yet to be rnitit. 


parting liquid’' 
Thie system will probably have 
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7. BREAKER STRUCTURES 

T]rp«i: (a) oil ^mber; (b) all atructural steel; (c) all reinforced concrete; (<l^ steel 
base, timber superstracture; (e) reinforoed-concrete bate, timber superstructiue; (/) rein- 
forced-concrete base, steel superstructure. To determine best tjiw, divide estimated 
cost by total estimated tonnage, and to quotient add estimated preparation cost plus 
yearly mointmianoe eheurges per ton of coal. 

Depreciation. Tosbeb BTBOcrtrBES. For dry breakers, depreciation depends upon 
kind quality of timber used, usually varying from 4% per year for yellow pine to 8% 
for hemlock For wet breakers, depreciation varies from 10 to 20% for yellow pine, 
when used for main or heavy timbers subjected to alternate wetting and drying. Hemlock 
should not be used in parts of structure which come in contact with water; if so used, 
depreciation is about 25%. White pine will outlast either yellow pine or hemlock, but 
is no longer available at reasonable cost. For btbuctubal btbei, or BEiifFOBCisD con- 
OBBTB, the depreciation for dry breakers is unknown, but is estimated at 1.25%. For 
structural-steel wet breaker, using acid mine water for washing, depreciation is estimated 
at 2 1 / 3 %. Modem construction, with reasonably water-tight pockets, chutes, and 1 ^U-in 
tanks, should lengthen the life of such structures, depreciation being estimated at 1 ^/i 
to 2%. Reinforced concrete is not recommended in a wet breaker using acid mine water, 
because there is no certain mode of protecting concrete from its attack. In timber 
breakers, using wet methods, it is important that all chutes, pockets, and tanks be water¬ 
tight;; such oonstmction is more costly, but will reduce maintenance charges and lengthen 
the life considerably. 

8. LOADING COAL FROM BREAKERS 

Ideal loading pockets include following features: Chutes to lower coal into pockets 
with TniniTniim breakage; sufficient storage in each pocket to hold not less than one car 

of coal; gates operated from load¬ 
ing platform; lip screens to remove 
undersise from lump, steamboat, 
and prepared sizes; loading ehutes 
adjustable to varying heists of 
gondola cars, and arranged to load 
with minimum breakage on the 
center-line of the car and in the 
direction in which the car gravi¬ 
tates; special provision to load 
box cars, and when loading wet 
coal, provision to wash the sizes 
passing over lip screen. 

Loading direct from storage 
pocket. Pockets are parallel wi{h 
loading track (Fig 4). Good prac¬ 
tice is to provide 2 tracks, for 
high and low cars, and a track 
for box oars. Such arrangement 
of tracks gives large loading capacity, simplifies mechanical arrangements required to 
handle all types of cars on one track, and permits simultaneous loading -from adjacent 
pockets, even though less than a car-length apart. 

Loading concentrated at one point. Pockets are usually placed at 90° to track (Fig 6), 
and coal'is delivered by curved chutes to a belt conveyer parallel to pockets. Coal is 
discharged' at tail of conveyer, over a lip screen adjustable for each size of coal. The tiul 
of conveyer,'together with lip screen, should he raised or lowered as a unit, by power, to 
suit different heights of car. Controls for gates, and operation and adjustment of belt, 
should be placed at loading point. Pockets mi^ stand on the ground, and the conveyw 
be inclined to reach required height to load. Height of breaker is not much reduced b^ 
this construction, as increased pocket capac is required for storage because si^es must W 
loaded in. sequence. - Labor force is usuidly half that for other methods of loading, ihehid- 
iim znaintenance. Rubber-covered conveying belts usually have the longest' Bfe; especially 
‘KandiiTig wet 00 ^; they should handle at least 2 million tons per 1(X) ft of oonveyenr. 
8pip;of belt should vaiy firam 250 ft per min for broken to 600 ft per min for wet rice 
. .'‘-i 
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liOAdliic direct from breoJter cliotee, wltb only enou^ chute capacity to provide 
itorage while c han g in g care. General construction would be sinulafto that at bituminoue 
tipples (Sec 35). Apparent advwtages: no pocket breakage, no lip screens, reduced 
hmght and first cost of breaker. Disadvantages: at least 7 loading trucks are required, 
difficult car distribution, large loading force, and complicated arrangement to load bo* 
and gondola cars from same chute. 

A recent loading plan is a combination of direct loading hy chutes for egg, stove and 
chestnttt sues, and from storage pockets for aU other sizes. This requires 4 tracks, 1 



CROSS SECTION 

Fig S. Concentrated Loading Pockets 


each for egg, stove and chestnut, and 1 for smaller sizes. It is ideal in combination with a 
preparation plan in which final screening and sizing follows the cleaning machinery, so that 
clew and sized coal is loaded direct into cars, eliminating use of lip screens for prepa^ coaL 


9. SIZING SCREENS (see also Sec 35) 

Classification. Fixed or btationabt: (a) adjustable bars; (6) finger or fixed bars; 
(e) punched plate or woven-wire segments. Movabxjb: (d) cylinder or revolving screen; 
(e) "shaker” screen; (/) gyrating screen; (g) oscillating movable-bar screen; (A) revolving 
ndler screen; (t) vibrating screen. 

Stationary screens are usually built into a chute, at a pitch down which the coal will 
slide, while the undersize falls through the openings. They are not used when uniform 
siai^ is required, but for preliminary separation of larger sizes from the smaller, before 
band picking, and to remove dust and fine chippings made during preparation. Results 
are usually very unsatisfactory and they are used only for emergencies. Their only 
advantage is low first cost, which is more than offset by very low efficiency. 

Adjustable bars are us^ only to size lumps out of run-of-mine, and are placed below 
the receiving hopper. Ratio of length of bars to width of opening vari^ from 8 or 10 ; 1. 
^e adjustment permits openings between bars to be increased or decreased in fixed 
increments, to very pe -oentage of material passing over them. Bar screens have low 
efiSo, considerable fines passing over with the larger pieces, so that the oversise is difficult 
to inspect and hand clean. Bars are T-shaped Cl or round s^l, 4 to 6 ft long, 
ends dovetail into fixed rests, which hold the bars parallel. Sides taper about 0.26 in in 
the depth, giving an inverted V-shaped opening between bars, which allows the ooal to 
fne it^. lower end projects above the rests and passes any piece of ooal which hanga 
between tlw bars. Opening between the bars is usually 5 to 6 in. 

iHnger er fixed bars sue occasionally used to remove a portion of the undersize or 
dust from ptepared nzee. They are made by placing in a chute equ^y-spaoed round 
WI or OI bittB, or an^e iron with legs looking down at an anide of 45*. Opemng between 
bars hwi a ratio of length to breadth ranging from 25 to 50 ; 1. Specially oonstroctad 
bats 'in used to remove pieces of flat slate or bone. 

Pttieltkl-^jtRte or woven-wire acreena remove dost and chippinga from prepared 
tia^B, aqieoiallrfrn' tip scraMis at loading pockets; woven wire for dry, ponohed plate for 
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wet ooal. When loading wet coal, a water jet ie sometimes directed on iiie screen to 
remove fine material land wash ^e coal. . 

AnVANTaoBs of fixed scbebiib: low first cost, no power required to operate, large 
capacitsr when used as lip screens. Disadvantaobs: veiy poor sising; being set on a 
pitch, they increase broker height and cost; require constant attention, due to bMndmgi 
adjustable bars involve a drop at lower end, and increase breakage. 

Cyliader or revolving screens, usually 6 to 8 ft diam by 12 to 24 ft long, were fonnerly used for 
all sisee of coal; they are now giving way to shaking screens. They may be single or double jacketed 

and the segments arranged to j>roduoe several 
sizes from one screen (Fig 6). Max peripheral 
speed should not exceed 200 ft per min. Anvan- 
TAGxs OF BEVOLviNO scKEisMs: exaot sereening 
and sizing of coal; revolving at slow speed, they 
do not vibrate breaker structure; blinding of 
meshes is rare. Disadvantaobs; high first cost 
and maintenance, as compared with shakers under 
similar conditions; small capacity, since coal is 
in c.mtact with only about one-eighth of the 
screening surface at one time; require mora space 
than shaking screens; greater breakage in the screen and in the enclosing hopper, due to high drop 
of coal; more ^fficult to inspect and repair than shakers; excessive weight as compared with 
shakers. 

Shaker gcreer (see also Sec 36) is usually 4 to 8 ft wide by 9 to 21 ft long. Sides are 
of steel plate, angle iron or wood, connected by cross angles, to which the punohed-plate 
segments are bolted. It is suspended by chains, rigid hangers with pin-connected end^ 
or 1-in oak or hickory boards with fixed ends (Fig 6a). 

Screen is driven by a pair of eccentrics connected to it by 3 by 6-in wooden eccentric 
arms with fixed ends, and reduced in section to 2 by 3, in at point of maximum bending. 





LONQITUDINAL SECTION OF SHAKERS ON A-A 


ENO View 


Eccentric 

MANGER BOARD BRACKET ECCENTRIC * SHAKER ARM 

Fig 6a. Shaker Screen 

or by forged crank arms, with metal coimecting rods to a wrist pin on l^e screen. Usual 
throw is 3 in, speed 150 rev per min. Ratio of length of hanger to travel is, fox rigid 
hangers, 3 to 6 : 1; for wood, 10 to 15 : I. Hanger should be inclined toward back «ul 
of the screen, so that the vertical resultant acting on the coal at end of back stroke will 
lift the coal out dt the me^ and prevent blinding; pitch of hanger varies from vertical 
to 3 in per ft, according to size of coal and length of hanger. Shaker screens may be 
built in 1, 2 pr 3 decks, which should be hung in pairs, one over another, with their ecoea- 
trios'on the diaft, ISO** apart, to balance vibrations. Absolute balance is impossiUe, 
due to: angularity of eccentric rods, and the fact that the screens work in diffoent. phih^ 
with vaiyiag quantities of material on them. Resulting unbalanced load vibrates the 
iMeakw structure, which should be braced acoordinfdy. (See Sec 35.) Advantaobs: 
exact rising, low first cost, aocesribiti^ for repairs and inspection, simplioity 'pf conirirucv 
tion, reliability in operation, Ba^'ing i|L breaker hri^bt, luge oapacity. DraAnvANtAbs: 
imparted to breaker i^ructure. 
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Vlbmtiiig aereens of various typw have been experimented with on nearly all eiset of coal, 
bat the results have not yet warranted their general adoption in place of shaker screens. Recent 
developments have perfected a vibrating screen particularly useful on the fine sises, minus Vu* 
The useround faieeh is specified for oU sises of anthracite, but the substitution of square wire 
mesh on vibrating screens in place of round punched plate requires more experimenting before its 
use becomes general. 

Oscillating or movable-bar screens are seldom installed in new breakers; they are being 
superseded by shakers. Their field is limited to dump screens, for sising lump from run-of-mtne. 
AnvAMTaGBs: heavy construction, enabling them to handle large pieces of material; their action as 
feeders to the machinery following; saving in breaker height; slow speed; no vibration to structure. 
DxsAWANTAaBB: poor siring; fixed space between bars, with no adjustment; hi^h first cost; wiien 
not hand fed from a hopper, the mixed run-of-mine often rushes over onto picking table. 


Table 6. Comparison of Shaker and Revolving Screene 

(Sq ft of screen area required to screen one ton of coal in 10 hours. Por sixes of openings, see Table 1.) 


Size of coal 

Shaking screen 

Revolv¬ 

ing 

screen 

Size of coal 

Shaking screen 

Ilevolv- 

iag 

screen 

Dry 

Wet 

Dry 

Wet 



H 


Pea. 

0.20 

0.61 

0.50 

0.67 

m 

1.75 

2.00 

2.25 

3.00 

• 

Broken. 

Egg. 

Stove. 

Chestnut. 

p 

i 

Buckwheat. 

Rice. 

Barley. 


Parallel revolving-roller screen consists of a number of parallel rollers equally spaced. 
Diam of rollers, 2 to 4 in and oj^eniugs between them vary witli size of coal handled, open¬ 
ing being varied by adjusting the roller centers. Screen is self-contained, and is usually 
installed in a chute at a pitch down which the coal wiU gravitate. Rollers revolve in 
same direction, and at speed of about 350 rev per min. This is not a sizing screen; it is 
used chiefly to remove flat coal or slate, and is often called a “alate-pickor.” It is occasion¬ 
ally used as a lip screen. 


10. BREAKER ROLLS 


Ohnte, 


Obuto 


Classification of rolls for breaking coal from a larger to a smaller size: Cbvbhbr or No 1 
rolls (for breaking lump to steamboat or broken); 

MERCHANTS, or No 2 (steamboat to broken or 
egg); BB-BREAKSBS, or No 3 (broken to egg or 
stove); BONBT or No 6 (egg bone to stove, stove 
bone to nut or pea, nut bone to pea). Rolls are 
also classified by their peripheral speed; high¬ 
speed (900 ft per min) and slow-speed (250 ft 
per min). 

Operation. Slow-speed rolls, with pointed teeth 
(Fig 7), give a higher percentage of prepared sizes 
than the high-speed, under same conditions. Coal 
riiould be broken by points of the teeth, and not 
cruahed between roll bodies. Hence, jaw and 
gyratory crushers should not be used, as they 
crush rariier than break the coal, thereby increas¬ 
ing degradation into steam sizes. According to 
design, rolls are divided into drivbn-tooth, and 
BBaMBNivrooTH roUs. In the first, hardened-stool 
teeth are driven into drilled holes in the cast-iron 
roll body or drum; in the second, cast-iron or 
steri toothed segments are bolted to a drum or 
cast spiders. Pedestals supporting the driving 
rolls are fixed; the driven-roU pedestals a« adjust¬ 
able ior. varying the opening, which is limited by 



Fig 7. Toothed fflow-epeed RoOz 


the length of gear teeth; for greater adjustment Ao gears are changed. Pedestals 
have springs, which oompress when hard foreign material falls into the rolls. 
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Table 7. Size of Rolls, Size and Spaciac of Teetili, Generslljr Used for BreaUnit Coal 


Roll name and number 

Siie of 
drum, in 

Teeth 

Biee of teeth* 
in 

Number 
per row 

Diatanee 
e to e 

Number of 
rows to cir- 
eumference 

Croaber 

No 1. 

51 

X 41 

8 

4.50 

36 

31/2X U/seq 

44 

1. 

331/2 X 46 

8 

5.50 

19 

64 

41 

I?. 

35 

X 34 

6 

5.25 

33 

4, 3&I.SliiBb 

Merohant 

2. 

30 

X 36 

10 

3.75 

26 

23/4X ll/tsu 

41 

2. 

35 

X 34 

8 

3.50 

33 

21/aX2 " 

Re-breaken 

3. 

30 

X 36 

14 

2.42 

39 

2 X 11/4 

44 

3. 

35 

X 34 

13 

28/16 

55 

I8/8X I 8/8 " 

Bone 

6. 

24 

X 32 

21 

1.35 

72 

1 X I •* 

44 

6. 

24 

X 32 

21 

1.35 

70 

1 X I Vs •• 


Table 8. Percentages of Prepared Sizes Usually Made by Breaking Down 

a Larger Size (See Fig 8 ) 


RoU 

num¬ 

ber 

1 

Sise of 
drum, 
in 

j 

Periph¬ 

eral 

speed, ft 
per min 

Sice of coal 
broken 

Total percentage made of 

%of 

pr^ared 

eiaee 

Stmm- 

boat 

Broken 

Egg 

Stove 

Cheet- 

nut 

1 

35X34 

250 

Lump 

27 

23.0 

mm 



91.0 

I 

36X36 

942 

11 

29 

24.0 

■yn 



82.6 

2 

35X34 

230 

Steamboat 


38.8 

■isB 

HrSfl 

mSM 

93.4 

2 

30X36 

900 

44 


29.0 

30.0 

15.0 

II.0 

85.0 

3 

35X34 

250 

Broken 


7.0 

25.0 

40.0 

17.0 

89.0 

3 

30X36 

900 

41 


8.0 

23.0 

20.0 

13.5 

74.5 

3 

35X34 

250 

Egg 



45.0 

23.0 

17.0 

85.0 

3 

30X36 

900 

41 



17.5 

41.0 

21.5 

80.0 



Pig 8. Peroentagee of Prepared Siaea made .by 35- by 34-in Rolls, at 230 ft Peripheral Speed 

per Min 

11. MECHANICAL CLEANERS 

dasalflcation. There are 3 groups, the operation of which depends on: (a) Differenoe 
in specific gravity; (b) difference in coefficient of friction; (e) difference in shape dt fracture, 
ISonser, pan, pnlsator and upward-current jigs. There is no definite rule as to type 
of Jig; personal preference seems to decide. Plunger and pan jigs give equally 
rwdta for ail siaes. Upward-current and pulsator jigs are occaaaonally used for rice and 
bariey ooals. Combined plunger and upward-current jigs are also used. Ov^llflOw jigs 
cause leas breakage than those with mechanical discWge. Pan Jigs, with medhuiii^ 
ittscdiazge require less water than other t 3 ri>esk Jigs will treat conastently a mixture 
j||f imparities, yielding a marketable product, the refuse usually containing not over 4% 
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eoal. Suoceaaful operation depends largely os the jig tender’s skill; the cool end probably 
I’toquiring some hi^ picking (see Table 9). So-called automatic jigs-have not been 
entirely successful' 

Broken-coal jigs for preliminary cleaning are advantageous, the jigged product being 
broken down to egg and smaller, and mixed with the nin-of-mine for further jigging. 
Constant feed is essential for good rwults, and there tiiould be a storage hopper back of 


Table 9. Loss by Breakage in Jigs, due to Mode of Discharge, and 
Abrasion of Coal in Jig-tank 



% loas into 

Approx loM 

Method of dis¬ 
charge 

Sice of coal 

Stove 

Nut 

Pea and 
smallor 

-n value, i 
per ton 

Broken.*. 

■MB— 


1.78 


Overflow 

E^gg . 



I.6B 


Brricen ) 

— 

■iM 

4.09 


Flight conveyer 

Belt 

Egg ) 

Broken ) 

m 

0.42 

3.18 


£gg } 

Stove. 

1.43 


Flight 


each jig with 1 hr capac. Jigging of the coal refuse from the jigs improves total recovery. 
Jig capac varies, being dependent upon quantity of impurities in the feed. With a high 
percentage of impurities, the regulating gate is set low to allow more time for cleaning; 
conversely, with low percentage of impurities, the gate is raised. 

Egg coal, containing 44% slate and 6% bone, in a 4-ft pan jig at 136 r p m, gave folbw- 
ing results: coal discharge, 2.26% slate, 2,6% bone; slate discharge, 3.76% coal, 2.75% 
bone; dean coal, 6.3 ton per hr. The coal was hand picked before going to storage pocketa. 

Pulsator and upward-current jigs are occaaionally uaed on rice and barley, but seldom reduce 
ash content below 1S%. There are also special small coal jjgs, but they generi '■ produce about 
15% ash coal, which seems to be the low limit practicable with jigs. 

Concentrating tables are largely used. They differ from ore tables chiefly in mae. 
The deck is approx 17 by 8.5 ft. The riffle cleats, instead of being parallel to discharge 
edge of table, are at an angle with it. A two-part separation is made of coal and refuse. 
With careful supervision, about 12% ash coal is obtainable. Constant feed and uniform 
water supply are important for beat results. Aver, feed capac, 8-12 ton per hr, for buck¬ 
wheat, rice and barley; for slush or buckwheat No 4, 4 ton. Water required is about 
twice the weight of coal; that is, 8-ton feed per hr requires 76 gal water per min. 

Air washer or concentrator table is a specially designed table having riffle cleats mounted on a 
perforated metallic deck, with the usual driving mechanism; air forced through the deck agitates 
the feed. A 3-part separation takes place as on the wet concentrator. This table, designed for 
rice and barley coals, functions well on a feed containing less than 4% moisture; feed of bighw 
moisture cannot be easily cleaned. As practically all fine coal is sised wet, the field for the air 
washer will be very limited, unless a cheap drying process can be devised. 

fijianr a aand-flotatlon process (Fig 9). CToal is floated in a fluid mixture of sand and 
voter, maintained at a predetermined fixed ep gr in a cone, in which slate and other refuse 
readily ainka- With sea or beach sand (2.6 sp gr) a fluid mixture up to 1.76 sp gr can be 
maintained, SO that any material above that gravity will rink. Minus 30 and plus SO-mesh 
sand should be used. Coarse Band requires more agitation; finer sand is difficult to settle 
and is lost in the sand-sump overflow, unless extra large sand sumps are used. 

The refuse in Table 9a carries 6.8% good coal at 1.75 gravity and 6.13% at 1.70. In 
run-of-mine coal there is usually merchantable coal up to about l.W gra'rity, which is 
not recovered directly by this process. When percentage of fine coal is high in the run-of- 
mine, comparatively little refuse is removed. Refuse should probably 1 m treaty by jigs 
to recover lost coal. Use of sand is an objection, in introducing material foreign to the 
coal, and, because of its exo«Bsive abrasive action on the machinery, maintenance cost ia 
hig h The cleaned coal usually looks well and is attractive to the trade. An expert 
attendant ia necessary, who must be sure the gravity of the fluid mass is up to the derired 
pidnt; ottorfirise, more coal will go to the refuse. _ 

Rtih-of-mine coal (Hg 9) is broken to egg sise and usually smaller. Silt is screened 
out and i^mjrining product fed into the top of the .fluid mass in the aeparati<m cone; tiw 
coal Itoate near &e top, flows from the cone discharge with the fluid mass with whifdi it 
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TaU* to. Chanca Cona, Teats oa Feed of IJfS and 1.7 Sp Or 


Siee of coal 

« 

Run-of*mine 


Discharge 

- 

Feed, 

% coal 

% slate 

— 1.75 sp gr coed 

+1.75 sp gr refuae 

% coal 

% bone 

% coal 

% f^te 

Egg. 

16.3 

■ffl 

94.25 

5.75 

2.06 

27.44 

Stove. 

15.4 


98.78 

1.22 

1.50 

22.60 

Nut. 

It.l 

■SI 

97.50 

2.50 

I.SO 

25.90 

Pea. 

5.2 

mSM 

97.40 

2.60 

0.05 

7.15 




/O 

ash 



Buckwheat. 

4.5 

2.1 

II 

.2 

0.21 

7.29 

nieii. 



13.0 

0.20 

1.40 

Barley. 

4.9 

1.2 

13.0 

0.28 

1.62 

Culm. 



13.0 


0.8 

Total. 

57.4 




5.80 

94.20 




- 1.70 sp gr 

+ 1.70 ep gr 

Egg. 

12.4 


97.63 

2.37 

3.30 

38.3 

Stove. 

12.1 


91.n 

2.25 

1.50 

17.0 

Nut. 

7.9 


99.00 

1.00 

1.00 

26.1 




%aBh 



Pea. 

5 3 


II 

.4 

0.05 

3.35 

Buckwheat. 

5.9 


11.4 

0.02 

5.38 

lUce. 



13.4 

0.12 

1.38 

Barley. 

5.3 

1.6 

15.0 

0.14 

1.56 

Culm. 


. 

16.0 

0.00 

0.8 

Total. 

48.9 

51 I 



6.13 

93.87 


is mixed, passes over a de-sandiag screen and then over sizing screens. Slate and other 
refuae ainlu and is trapped out by alternate opening and closing of the two slate valves; 





Fig 0. Chance Coal Cleaner, Sand-Sotatlon Frooen 


l^liate falls into a auinp and is elevated to a de-aanding screen. Sand hnd water ,|rbtn 
~ing acreena.flow to a sand sump,'in which the sand setties and is pumped hllclc 
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to tbB separator cone. Overflow^ of olean water, flows to the cdroulatixig pump for reuse 
for asitatlon, shaker Q>rayB, etc. 

Sheolaveur proeess <Fig 10, lOa) is an applieation of the launder washer, for handling 
eoal in dse from 3.5 or 4^in to approx 48-ineah (see flow-dteet, Fig 3a}. Invented and 
patented by Antoine Fnaoe, Li6ge, Belgium; American rights owned by American 
Rheolaveur Oirp'n. 



Classification is effected by horis currents of water in an open lau^er, cansing 
floatioii of tlie material in proportion* to ita densityp shape and coen of frictio^^ The 
lotrer layers are drawn off progressively by “Rheo" boxes; these are lar^ m wuehjm 
anwinding inirrent prevents particles fiom passing to the discharge, unless theirdenaly 
Mtuaes'dftm to sink. There are two types: closed or sealed (F^ 10), fw the w/ y 
df ISal; open or free dischargh (Pig lOo) for smaU maes, usuaUy fiw to sl^. 

CkNiM The Rheo boxes have an adjustable opening into the la^w, large 

,|j(j psts the required siso of coal and proyi^®*^ with' a perforated oscillating flap to 
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pravent nroiiiag or ologgiag. A hafflwd water oonneetion with a qtiiok*aoting viJ.ve admita 
water to ereate an upww^ current of known etrength. The discharge ftom the boxes 
pnners into a sealed elevator boot, maintaining the water at trough level and raisug the 
material to a point above tlu» water seal. 

* The feed enters the cuimit at upper end of launder, which is quite steep for a distance 
that depends on character of feed. As the material passes rapidly down t^ eteep grade. 



a PBntAinr oiassiriGA'noN is made, the light particles floating quickly to the disohaiM 
at end of laundw. Heavier or slabby materials seek the bottom and are retarded, trhw 
thcMB of intennediate density are classified between and move at varying speeds, accardl|ig 
to th^ dennty and coeff of friction. From the elassificatiou end of the launder the grade 
tUMinva until it is nearly level, the heavier matenals building a bed ‘which travela teiy 
skeriy along the bottom. Just beyond the beginning of the flat grade is the Arab Rheo bos,, 
extcaota the heaviest material. I^'rom this point the veloe of current d e s r eaaes, and 
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> * , *• 

•tnttifioation b^ocfBOM Boore dofinite; so that, on reachi^ second Rheo box, partltdas ot 
intermediate gravity constitute the bed on the. trough bottom and are drawn off by tNf > 
‘ second box. •< 

Materials from the first Rheo box are rewashed if they have any recoverable content, 
. or pass directly to the refuse hopper. Those from the second box are returned to tlm head 
of^e launder and mixed with the feed. Thus, the amount of intermediate material ia 
greatly increased and builds a thick layer between the good coal and heaviest impurities. 
This re-ciroulation goes on until the intermediate material is properly classified. The 
results are controlled by the adjustable openings of the boxes and the upward currents. 
Open or free-diacharge type of launder operates as above, but the Rheo boxes are 
different. They are very simple, having one or more slots opening into the launder, a 
quick-opening regulating disk valve, and a baffled and regulated water connection for 
upward current when required. The launders are very long and have many boxes, which 
take the materials from the lowest part of the bed progressively as requir^ for re-wash 
in the troughs below. There are usually 3 or 4 troughs, one above another in a "batterie 
cascade”; the first and second discharge the good coal, the product from the third and 
fourth being elevated to the head of the s^'stem for retreatment. For certain classes of 
coal the fourtii trough may discharge bone, which, instead of going directiy to the re-wash, 
is crushed and re-treated in a snuoan pi.a.nt, for obtaining max recovery. The bottom 
trough evacuates the refuse. The operation is adjusted by the disk valves and upward 
currents of water. Fig 10, 10a show launders of both closed and open type, as would 
l^erally be used in a commercial plant. 

The Rheolaveur process has proved very efficient in obtaining low ash and high 
recoveries in both anthracite and bituminous preparation. Its simplicity, low oost and 
upkeep, and economical operation have also made a very favorable impression abroad, 
where it is largely displacing other systems. 

Fixed and movable cleaners (friction). Fixbd type may be designed to make a 
2-part (coal and slate) or 3-part (coal, bone, and slate) separation. They usually consist 
of a series of inclined planes, separated by adjustable cross slots. Mixed material gravi¬ 
tates from top to first slot, where the slow-sliding slate and bone (due to their greater 
coeff of fric and flatter shape) fall into the slot, the coal passing over; this is repeated until 
the coal is sufficiently cleaned. Slate and bone falling through the slots may be similarly 
treated in another cleaner: the first slot removing slate, the bone passing over. These 
cleaners are usually adjustable, as to slot opening and pitch of planes. They require 
constant attention, and hand pickers for the refuse, and are almost obsolete, as they work 
poorly on wet coal. Spibal cleanek consists of a centra] column, with a series of spiral 
bands inclined toward center, down which coal slides. Coal maintains a helical path 
around the column so long as friction balances centrif force. As veloc and centrif force 
increase, friction is over-balanced, and coal jiunps over outer edge of spiral and falls into 
a chute. Slate and bone adjust themselves on the spiral, according to coeff of friction, 
and at discharge end may be separated and run to their respective destinations. Spirals 
require some attention and adjustment, since a change in character or condition of run- 
of-mine (as from wet to dry) will vary the coeff of friction. Effic ia affected also by dryness 
or dampness of atmosphere. Movable cleaner conrists of a metallic moving band, 
adjusted to give a pitch in 2 directions, across the table and lengthwise, so that the band 
travels up the pitch. Impure mixture is fed at the high comer; coal slides obliquely 
across the table; slate, having greater coeff of friction, is carried up into the refuse chute. 

The Anthracite Separator Co have recently developed a two-thread spiral for primary 
cleaning, especially for broken coal, which removes excess refuse from run-of-mine feed 
before final treatment of the product. 

Fbed and movable cleaners (fracture). Fxxed type consists of specially made 
bars, placed in a chute, forming long narrow slots over which cubicad pieces of coal slide, 
while flat slate and co^ fall through. Or, punched or slotted steel plates may be, used, 
the flat pieces passing through the holes. This type is usually attached to discharge 
e^ of a shaking screen. Some forms will remove more flat slate than coal. Movabub 
type (see parallel revolving roller screen. Art 9), Slate from these cleaners tisually goes 
gravity to jigs or friction type of cleaner, for final preparation. . . , j 

Comparison of mechanical cleaners. For high recovery, the designed capacity uiould 
not be exceeded, or a loss of coal in the refuse will result. Jigs produce clean ooal, but* 
where the refiise in the feed exceeds 16-20%, double jinsing is desiratfie; and if there is 
a high pureentage of bone middlings, triple jigging may be intn^uced. requirw 

n trained'^operator, but, after it is once adjusted, neglect on his pnrt will not senously 
affect Ttsult®* For hijh recovery, close sizing is desirable: when, jigs are used, each stse 
fnuttiiave ihi'septrate machine. The larger sizes must be inqiected and usu^.haad- 
pickea/ The Caj^CM^fiKicBBa produces dean coal; it has the advantage tlmt, as pre- 
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liimg before deanins ie u nn ecea a a t y, refuse is removed before sping, vdtb posdble re^o* 
tioa of the screen areas. The labor force is less than that reqtdred for a jig plant. ReWt 
inst all a tions show a preference for the Chance eqtiipment over jigs, althoui^ more iffmeens 
are required to remove the fines before entering the Chance cone, with de-sandipg screens 
after the, cone on coal and refuse. 

The BHi)OLA.vavK PBOcass has the advantage of handling mixed sises, rmnoviag 
refuse before sising; for high recovery, launders may be arranged in series for.re-treating 
the refuse. Concxntbatob tables are adapted usually to fine coal, and adequate water 
■uj^ly, unifdrm feed and skilful operation are essential. The Htdbotatob has chown 
good results on all mses up to and including pea cod; but, as it will not mix^ 

feeds, each sise must have a separate machine. 


12. CONVEYERS, CHOTES, FEEDERS, WATER SUPPLY, POWER 

Conveyers are classified as: (a) single'strand fii^drt; (b) double-strand flight (including 
scraping and carrying conveyers); (c) belt conveyers. Flight conveyers with single 
strand may be used for all sizes of flights up to 24-in width; double strand for larger. 

Sises of flights: binglb-stband, 4 by 10 in, 6 by 12, 6 by 18, and 8 by 18; double- 
btband: 10 by 30 in, 10 by 48 and 10 by 54. Si^d 75-100 ft per min. Trough, steel or 
C I, the latter preferred for long life, especially in acid mine water. Breakage, 2 - 4 %, is 
due to method of feeding; little breakage occurs in transit in smooth troughs. Belt con- 
veqrers are especially adapted to dry coal; when conveying mixed wet coal, they run at 
higher speed, to 500 ft per min, for throwing off wet fines which otherwise stick to the 
belt and are carried back on return belt. Breakage is probably higher than for a chain 
coBveyer, due to drop at the discharge end at high veloc; partly overcome by usng a dis- 
diarge chute receiving the coal on a tangent. 

Shaking chutes, replacing conveyers, have usually 3 by 8 -in wood sides, with 2.5 by 
*/l 0 -in cross angles, 3 ft long, at about 6 ft centers. The angles extend 6 in beyond the 
sides, and are bolted to 1 by 6 -in hanger strips, 6 ft long. A pair of 3-in throw eccentrics, 
at 90-100 r p m, drive the chute, which is set on a pitch.of about 0.5 in per ft. Width 
varies to suit capac, which is approx equal to area of chute X half the totfd travel per min, 

100 

thus; area chute, 1 sq ft, 0.5-m pitch, 100 r p m, 6 -in travel; 1 sq ft X * 50 cu ft 
pqr min. ^ 

Shaking chute is also used to replace inclined stationary coal and rock chutes, to reduce 
breakage, give uniform flow or fe^, and reduce breaker height. Max safe Imgth for a 
chute 24 in wide by 8 in deep is about 75 ft. For large capac, single chutes may be placed 
in series, the drive being in balance. 

Elevators should be double-strand and of the gravity discharge type; their breakage 
at discharge end is less than for any other type. Loss in breakage is from 2 to 5%, 
according to method of feed and discharge. 

Chains for elevators and conveyers working in acid water should be heavy and contain 
few parts, with safety factor of 6 to 10. Eye-bar links with riveted pins should not be 
used; rivetless chains having few parts are preferable, even if more power be required. 
To r^uce extra stock of parts, all conveying or elevating chains at any one colliery 
abcEuld be of same type. (For details, see Sec 27.) 

XndLMd ehntes for conveying coal by gravity, if badly constructed, cause a degradation 
loss exceeding all other losses combined. This loss is attributed to irregularities in diute 
bottom; striking of one piece of coal against another; drop at any point, especially at 
right^ngle turns; and the blow which a piece of coal receives at such a turn on striking 
side of ^ute. Pitch on which coal will slide varies with quality (ri coal, and on diute 


Table 10. Pitch and Width of Chute, for Coal Sliding on Steel Plates 


Size of cost 


Lump. 

Btaemboat.. 
Broken. 

Egg. 

Stove. 

' Chesi^ut... 


Pitch, 
in per ft 

Width of 
chute, in 

Size of coal 

Pitch, 
in per ft 

Width of 
ehute, 

21/9to2S/4 
21/4 to 3 
21/9 to 3 

2 Vs to 31/4 
28/4 to 31/9 

3 to 4 

48 

Pea.... 

4 to 5‘ 

"SI" 

36 

Buckwheat. 

41/s to 6 

51/9 to 7 

7 to8 

30 

Bice. 

12 

24 

Barley. 

12 

.J8fo 24 

IDiit.'.. 

8 and over 

12 

18 to 24 

Pock. 

5 and ovefir 

48 


Bote.—Pitoh for bottoin of dump hopper, not lem than 7 in per Ct: f<x storege p(iekeis,1a^ la 
than Siaiierft. 
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IbiLig. Cleaa coa) sUdes on flatter pitch than a mixture trf coal and impuritiea* A ahic* 
siw aecticm of inclined chute can oftmi be remedied by teplaoixiK atedL liti^ng with broue, 
if impracticable to increase pitch. Chutes for dry coal we of 2-in jdank lined jwith sheet 
^For wet ooali S-in plank, lin^ with 2-ply smooth prepared roofins, covered 
wtth l-in boards, and lined with sheet steelxir bronxe. Richt-angle or 180° turns in chutes 
should be of laminated wood strips, 1/3 by 2 in. 

Veitical chutes, '‘telegraphs,” may be designed merely for lowering coal, Fig 11, a, 
or for lowering and depositing to variable depth in a pocket. Fig 11, h. In the latter oasBt 



when top of pile reaches and blocks lowermost opening, coal then issues from next higher 
opening and deposits on summit of pile; breakage due to subsequent avalanching down 
slope of pile is negligible. 

Capao of a telegraph 24 in sq is 150 tons per hr; 48 in sq, 300 tons per hr; used for all 
sixes from egg down, and may be of any height up to 65 ft. Breakage in a well-built 
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noulo direeta tiie sbaam onto sh^ar at lip toreen, and agfdnat the flow of ocaL Gate 
vilvee are placed at eada of all branch linee, plug vatvee at q;>ra 3 r 8 on ahakor, quick op^ 
ing Talvee on lip sereena, with a^rajr line opeiated from the loading platform. All Umi 
have blow-outa for cleaning. ' a ' 

Mine water ia commonly used, aa freah water ia aeldom avwlaUe. Aver acid cdntent, " 
1% or leaa free HsS 04 > Treatment of mine water aavea largely in m&intenance of pipea, 
chute lining and screen aegmenta; saving soon pays for laitor and material required to 
neutndiae the water. Lime treatment is simplest; a small feeding and mixing machine * 
is installed, and lime water fed into suction line or sump of the breaker supply pump. 
About 1 ton of lime per 8>hr is required for 2 000 gal per min of ordinary mine water. 

Breaker drives. Both electricity and steam are used, local conditions governing 
choice. As between unit and combined drives, the latter is preferred. A breaker fed by 
conveyer should have its drive unified with the rest of the breaker machinery. Jigs 
a^uld have individual drive, so they may operate during delays to other machinery or 
delivery of run-of-mine coal. The Chance separator should have separate unit drive, for, 
if stopped, the sand settles, causing delay in starting up. Belt or rope drives are used 
from line shtdt to all power units. To avoid carrying many repair parts, idl machineiy 
should be standardised, with 48>in pulleys, 4 s/Hu shafts and 10-in belts; those sizes cover¬ 
ing practically all conditions. Steam from a colliery boiler plant is usually cheaper than 
purchased electric power, but the convenience of motor drives with remote controls, as 
compared to steam plant, is unquestionable. 


Table 11. Hone Power for Operating Breaker Machinery 


Revolving aoreens, 4-8 ft diam by 24 ft long 

disking screena, per 60 aq ft of area. 

No I crtiaher rolla, 36 by 36 in, compound.. 
No 3 ra-breakar rolla, 36 by 36 in, compound 

Oaeillating picking table, 5 by 24 ft. 

Plunger jig, 4 ft (conveyer discharge). 

Simplex pan jig, 6 ft (con%-ey«r diactiarge)., 

Double jig, 3 ft 3 in (coal overflow). 

Elevatora, 1 ton, 50 ft high, per min. 


Wibnot Hydrotator, 6 ft diam, with refuse conveyer... 
Wilmot Hydrotator, 6 ft diam, with dewatering shaker 



Horis conveyers, 100 ft per min, 100 ft long 


Sue of flight and spacing, 
in 


6by IMn,atl2m. 
8 “ 18 “ 18 
10 « 30 '• 18 “. 
lb “ 48 ” 36 “ . 


Weight 

Capao, 

per ft 

ton per min 

10 

0.75 

19.7 

1.5 

45 

3.5 

54 

5.5 



For additional lengthy 
► multiply length, 
and divide by lOQ 


Breaker 

capacity, 

tone 


Table 18. ' Total Breaker Hp, with Humber and Kind of Machinea 


Machines, number and kind 


I bp 

Light 

Loaded 

216 

280 

342 

512 

354 

274 

HHI 
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IS. BREAKER COSTS AND'CAPACITIES., NUMBER OP E2SPLOTBS 

Wbil® it is dlffioutt to lot & figure, tlie acoonipanyiiig tabulation may ba uaed fox’ 
frougb eotimating. For atruotural ated frame, with metal sides and roof, and stad sash, 
as a baeis (L.L.Y.P. oonstniotion) about 10% less. 

There is a preference for hi|^ structures, so the coal, 
during preparation, may flow by gravity from intake point at 
top of breaker, down to the storage pockets. Storage pockets, 
if uaed, practically determine ground area of breaker. Usual 
capao of pockets is 70-90 ton for each sise, requiring 8 pockets 
for the 8 sises usually made. When ample storage room is 
available for empty and loaded RR cars, pockets may 1 m 
replaced by boom loading, with advantage of eliminating 
pocket degradation. 

Cost of breakers is divided into about the following per* 
oenta^ for the classifications given: excavation, 0.37%; foun¬ 
dations, 6.23%; floors, 1.20%; structure, 34.60%; lumber, 8.25%; machinery, 33.40%; 
water piping, 8.60%; loading machy, 3.06%; misc and engineering, 4.30%; total, 100%. 

Distribution of steel for a 1 SOO-ton Class C breaker. Volume of breaker, 640 000 
eu ft; ground area, 8 700 sq ft; roof, 9 000 sq ft; sides and windows, 36 400 sq ft. Wwight. 
of steel, toiu: columns, 125; beams, 186; bracing, 39; roof, 22; girts, 41; pocket stringers, 
86; rivets and misc, 9; total, 458 tons. 

Distribution of timber for 1 SOO-ton wooden Class C breaker. Volume of breaker, 
870 000 cu ft. Feet, board measure: posts, 73 900; girts, 127 000; pocket bracing and 
supports, 140 000; roof, 41 900; siding, 75 000; machy supports, 13 100; jig tnnira and 
supports, 67 700; bracing for chutes, waiks and misc, 276 900; total, 815 500 bd ft. Erect¬ 
ing time, 124 days; total man-hours for construction, 67 369. 


Table 13. Average Number of Employes in Breakers 



Claae A. 
Run-of- 
mine, 14% 
refuse 

CIbmB. 
Run-of- 
mine, 16% 
refuse, 
wet and dry 

ClaMB. 
Run-of- 
jnine, 34% 
refuse, 
ell wet 

ClaHC. 
Run-of- 
mine, 24% 
refuse 

Bom. 

2 

2 

I 

1 

Tiokot taker. 

1 

1 


1 

T^nmpiWa. .... 

2 

2 

1 

1 

Platanen and table tenders. 

14 

9 

14 

7 

Pickers on pure ooal. 

8 

8 

4 




2 

20 

2 

Tsble refuse, pickers..... 





Jif MfiiM, . 



6 

4 


4 

HUHlIlH 

3 

1 


2 

HnHnHI 

4 

Marii'y attendants. 

3 


29 

6 

Breaker oiler. 

2 

2 

2 

1 


1 


2 


Breaker deaner. 

2 

2 

2 

1 

. . . . 

1 

2 

I 

1 

Loaden. 

12 

18 

7 

5 

Total foroa. 

54 

67 

96 

31 

Tons per day. 

1 850 

1 790 

2 030 

1 120 


Output, 
tons per 
day 

Coat per ton 
per daily 
output 

1 000 

$150 

2 000 

137 

3 000 

120 

4 000 

120 

3 000 

120 

6 000 

115 


14. LOCATION AND REQUIREMENTS OF STORAGE PLANTS 

' bregularities of market for all rises of anthracite, which would intmfere with eon- 
tinunus operation of the mines, have led to the erection of storage plants at convenient 
points. Due to better transport fac^ties from the mines, plants located on th^ aeaboard 
mm largriy been abimdoned. ImcsI plants, in or near the anthracite reipon, still eodat 
and are to store sises not absorb^ by the market. They have the advantages of 
dsort hhhl fitnn the murw; quick rriesae of oars, which is important during a oar diortage; 
low rate on coal stored; and convenience of shipping to any market. Interior 

planta en the Great Lakee are still in use, althouih the necessity/or Iwge storage is quse* 
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tionftble. because of the bas of markets in the West and Northwest, fonneriy drawing 
their supply from this source. 

Ideal storage plant should fulfil the following conditions: (a) production of mW- 
mum brmJmge in stocking and reloading; (b) separate storage of each sise and in varying 
quantities; (e) rapid handling in storing and reloading; docks on the Great Lak^ receiving 
coal by steamers, should have large unloading and stocking capacity, M quick dispatch 
of Wts is desirable; (d) screen house to resize aU coal from storage; (s)’8eparate stqrage 
for screenings snd facilities for resising them; (/) arrangements for reloading and screening 
more than one sise at a time; (g) loading facilities for both box and gondola ears;, (h) 
covered storage when in regions subject to extreme cold and heavy snows; ii) facilities 
to handle frosen coal, especially at plants receiving wet coal from the mines or at uncover^ 
plants; O') ample railroad classification yards; (k) ample trackage through plant, operated 
by a ear>haulage system; (1) loaded and empty car scales; (m) minimum danger from fire; 
(a) design permitting enlargement; (o) low first cost per ton of capacity, and minimum ■ 
operating cost. 

Frozen coal is most efficiently thawed by hot water; steam jets are of little use. There 
should be ample provision to handle the drainage, which contains much fine dirt. 

Operation of storage plants is very irregular. Night and day rushes, in unloading 
or reloading, are often followed by long periods of inactivity, with the plant either full 
or empty. Low operating cost, when the plant is working, may be offset by high ^ed 
charges during idle periods. 


16. CLASSIFICATION OF STORAGE PLANTS 

Each of the two general classes, wholesale and retail, is sub-divided into non-mechanic^ 
and mechanical. 


Won-meehanical 

A, Stocking on surface 

B. . Stocking on surface from treetle 

C. Stocking on aurfaoe from trestle 

D, Stocking from treetle into bine 

E. Stodcing from trestle on hillside 

XCecluuiical 

F, Stocking by devator and conveyers into bins 

Q. Stocking by cable railway and dump cars 
into bins or on surface 

H. Dodge aystem. Stocking by truss trimmers 

in conical piles 

I. Stocking on hillside by traveling cantilever 

trimmer 

/. Stocking on surface by traveling trimmer 


K. Stocking by surface cable oars, operating 

on traveling tramways 

L. Stocking by grab buckets, operating on 

traveling or fixed tramways 


Beloading by hand, yard reloaders, or steam 
shovel 

Reloading by hand or yard reloaders 
Reloading by tunnel, with cars or conveyers to 
a screen house, with or without yard scrapers 
Reloading from bins into cars or wagons over 
lip screens 

Reloading by hand, dock scrapers or by hy- 
draulicking 


Reloading by tunnel as in C, or direct into cars 
or wagons, as in i> 

Reloading by hand, tunnel, or from bins, as in 
C and D 

Reloadiirg by swing conveyers, or pivotal re¬ 
loaders with inclined conveyers to screening 
towms 

Reloading by gravity and hydraulieldng 

Reloading by longitudinal and cross tunnel con¬ 
veyers, fed by gravity and travding reloaders, 
delivering to screen house 

Reloading by tunnel conveyers to screen houai 

Reloading by grab buckets and oonveyem to 
screen house 


16. APPLICATION OF THE DIFFERENT CLASSES OF StORAGE 

a 

^ ,• ** 

A, Limited to temporary storage of steam sises. Conmts in forming a dump on alevdottifaae, 
laying tracks on the accumulating stock, and raising and shifting these as the stivage grows. 
Reldading with steam shovel or grab-buckept cranes, operated from edge of pile, or tqr ba^ Ok^ 
one Jldse eitn be etocked, breakage of the prepared siaee is excessive, no screening is poeaible, 
dheratipg cost is almost jwohibitory. ; • . ' 

sR. Commoidy used ivt smafi retail yards, when first cost is the chief eonaidwation. 0^Miiatz 
el a. frieMle, thp height of proposed pile, from which loaded ears are damped,' tSUMs arwtipMiitad 
h 9 ’‘Fartitions. Reloading by hand w yard teh»den into wagons. Only hand ecrecmialE it peiilhla). 
)U4sos may be Bto!^, but breakage is exoessivf, dtM to Idgh dropis in eltockiiia, 
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dhtekbnt classbb of storaob 


C. Oceaaioiially used for I&rse attoroge, where conditions do not wnirant a more enpen* 

. Bve plant. Stoeldng is done by tseeile, as in B, with a ndoading tunnel under the storage ’ 
inlOr Reloading gates in tunnel deliver into ears, or to a belt or scraping conveyer, which 
transfers the coal to a central loading point or screen house. Lip screms at loadi^ gates 
give only a partial screening when loading cars. Screenings are collected in dust boxes 
and afterwmds transferred by band to a screening storage. AU sites may be stored. 
Approximately 60% may be reclaimed by gravity, the remainder being handl^ by 
hand or yard scrapers, with a parti^ screening when loading cars. Breakage is excessive, 
due to high drops in stocking and drawing coal under pressure in rdoading. High first 
cost and imperfect siting are the disadvantages of this type. 

D. For large retail storage plants, for wholesale storage at seaboard, or for interior 
plants loading boats or steamers. Consists of bins traversed by railroad trachs, from 
which each site is dumped into its respective bin. Reloading is direct into cars or wagons, 
which pass under or alongside of bins. Loading gates in each bin feed the coal over lip 
screens to remove the screenings, which may be collected in dust boxes under tlie screens, 
and rmovcd by hand or conveyers to screenings storage. Advantagkb: all sizes stored 
in varying quantities, and reloaded by gravity; con unload or reload more than one rise 
at the same time; partial screening. Disadvantages: excessive breakage, due to high 
drops in stocking and drawing coal under pressure when reloading; imperfect sizing. 

E. For large storage, of pea coal and smaller. Consists of a hill with a side riope of 
25*’ to 30”, at least 300 ft wide, with an abrupt change at the foot from this slope to a level 
surface for tracks; reasonable railroad grades to the top of the storage hill and down again. 
Coed is stocked from a high trestle at top of bill, and avalanches down the hillside until 
arrested by a retaining wall or by a level space at bottom. Reloading is throu^ gates in 
the wall, but only the layer retained by the wall and lying above the angle of repose will 
flow by gravity to reloading gates. It is usual to reload the remainder by hand, dock 
scrapers, swing conveyers, or by hydraulicking, using hot water in winter. Fixed screens 
in front of loading gates remove screenings during reloading, which may be conveyed by 
cars or conveyors, or hydraulicked, to a screen house. Lip screens not used on sizes 
smriier than pea coal. The different sizes are separated by partitions, made movaUe 
to vary their storage capacities. Entire hillside should be covered by planking or 
concrete to avoid admixture of dirt. 

F. For small retail storage, where location prohibits RR approach to top of bins on an easy 
grade. May be developed for large storage plants. Stocking is done by dumping RR cars into a 
receiving hopper, which feeds into an elevating and scraping or carrying conveyer, transferring coal 
to storage bins. Reloading is direct into cars or wagons, through gates with lip screens in the 
delivery chutes, the screenings collecting in a box underneath. Lowering chutes or telegraphs 
in each pocket reduce high drops when stocking. Stocking conveyer may encircle storage building, 
the lip screenings gravitating from the storage box to the lower run of the conveyer; then re-elevated 
and discharged into a screening bin. The space between under side of pockets and the surface 
may be used for storage by stocking through a gate in bin bottom. This stock coal is chuted to 
the lower run of the conveyer and returned to pockets. 

G. For large storagp plants or retail yards; especially to transfer water-riiipped coal 
to Stonge or direct to screen bouse. Conrists of a cable or gravity return car, traversing 
h jfia or a trestle over a surface storage floor, and dumping at the draired points. Reloading 
is by hand, or tunnel, with conveyer. Method of screening is similar to that of C and F, 
or, when well-sized coal is desired, it may be re-screened in a separate screen house, as with 
K. Low in first cost and operation, readily adaptable to extension and for covered 
storage. Breakage, into pea and smaller, may be as low as 8%, but is generally hi^er. 

H. Dodge system, used for large storage, consists of storing on the surface in 2 conical 
piles by a trimmer truss supporting a flight conveyer. A unit has 2 trimmer trusses with 
track hopper, one central reloader, and a screening tower, with loading tracks and scales. 
Loaded cars are dumped into a receiving hopper and fed into the trimmer conveyer, whieh 
ie built on a catenary curve from under the hopper to meet the inclme of trimmer truH. 

*Ooal is discharged at apex of the growing pile, through bottom of conveyor trough. ^ Botr 
tom of trough is a flexible steel ribbon, which is pulled up to vary the discharge point aa 
huigWt of pile increases. Reloading is by a pivotal reloader (placed between the two 
opnical piles), which carries a flight conveyer on its edge. Reloader travels on’a curved 
and is drawm against the edge of the pile by wire cables winding on drumf placed 

the reloader. Coal is drawn to tl^ pivotid point of reloads, where the conveyer is ’ 
fnri^edi is oanied to msreening tower. Shaking screens in this tower rise the ooal 
aiad iiellver it direct into oars., Screenings are collected in a hoimw Bnd transferred to a 
•ereeri house for ailing. Driving engines or motors are located near rriosuding .tower; 
The j^ant is readily enlarged adding additional piles. B mbaka ob m the jHrepared 
•fans wgiies from apprcajmately 6% for ^ to 2.6% for nut. 
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This type requires Iwoe area in proportion to ita wpacitT’ A 12000(V>ton i^nt coven 
260 000 aq (t» aa compared with 106 000 aq ft lor a Konman nonaa rutsuT, not includinc 
tracka. ^a^caliy all the coal ia redaimed by maohiaery. The modified plant uauaJly 
has fixed trimmera in a storace building, with bulkheads between pilea. Rdoadmg is by 
a tunnel conveyer under each pile, daUvpring each aiae to ita reapeetive screen house, 
and thence to a storage pocket to ^ loaded into cara. 

1. For large storage plants, especially for steam siaes. Consists of a side slepe, aa 
dsBoribed under E, and single-track trestle with oontinuouB Inn chutes of sufSoient heiidit 
to pennit feeding into a traveling cantilever trimmer, by which the coal is devated and 
discharged onto storage floor. The trimmer comprises a platform moimted on tradcB, 
traveling on a Inoad-gage track, parallel to dumping trestle. It carries a cantilever truss, 
and a scraping conveyer with a movable trough bottom, which pomits discharge at any 
desired point. To increase capacity and prevent stored coal from flowing back on trimmer 
track, a bulkhead may be erected between storage floor and track, i^oading as in S. 
When surface contour will not permit an approach to the dumping trestle on easy grades, 
a loaded car plane can be installed. This delivers cars on the dump trestle, over which 
they should ^ operated by gravity to the apex of an empty car plane, down which the 
cara are lowered to the empty stand track. A steel barney, disappearing at the bottom 
into a’ pit, should be used on each plane. Plant should have ample receiving storage 
tracks and loaded-car stand tracks, operated by gravity, with loading scales for receiving 
and shipping. Hot water should be supplied for hydraulicking during winter reloachng. 
Breakage is small when handling steam sixes. 

J* is a modified Dodge plant, consisting of a single-track trestle, with continuoua bin 
chutes, on which oars are handled by a rope haulage system, spotted and dumped as 
desired. Hand-controlled gates feed coal from bins into an inclined trimmer conveyer, 
supported on a traveling truss. This traverses the length of storage floor, building up a 
w^ge-^pdd pile with rounded ends. A trimmer truss is carried on a bridge spanning 
the storage flror, the ends being supported on movable towers electrically operated. 
Reading is by tunnel conveyer, placed under the storage floor and parallel to the trestle. 
A transverse conveyer receives coal from the reloading conveyer and conveys and elevates 
it into a screen house, where it is re-sised and loaded. Nearly 60% of stocked coal is 
tributary by gravity to reloading conveyers, which are fed by gates in tunnel roof; 
remainder is delivered to the gates by a traversing reloader. This consists of a stedi 
truss, mounted on wheels and carrying on its edge an encircling conveyer. It is drawn 
against the face of storage pile by steel cables, anchored to each end of storage floor 
and passing around propelling sheaves mounted on reloader. Electric power, used 
for operating trimmer and propelling trimmer truss, is supplied by feeder rails, par¬ 
allel to storage floor, and through collectors on the truss to the motors, flexible cable 
supplies power to rdoader from plug stations on storage floor. Tunnel conveyers and 
screen house are operated preferably by electricity. Plant should include extensive HR 
yards for reediving and shipping. Breakage is about the same as for tyi>e H, 

K. For large storage plants and occasionally for retail yards. Stocking is by fixed 
or traveling tramways, spanning storage floor, traversed by cable railwaya This type is 
readily adapted to plwts receiving coal by steamers or barges, especially when storage 
floor is at a distance from unloading point or dock. Steeple unloading towers, at do^ 
front, equipped with grab buckets, elevate coal to a receiving hopper, under wfaidi cable 
cars pass, automatically releasing a gate in the hopper which idlows a fixed amount of coal 
to be discharged into pasring car. Cars traverse a trestle to tramway and pass over 
it, automatacally stocking the coal at any desired i>oint, as the car door latch engages 
with a tripper. Reloading may be done by tunnel conveyers, transferring product to a 
screen house. 

Quantity of coal reclaimed by gravity depends on number and location of tunn^; tba 
rsnudnder may be handled by dock scrapers. Cable tracks should be arranged for traae- 
fening coal direct from unloading towers to screen house. Screenings go to screenings 
storage, in cable cars operating in connection with an elevator. This type permits stock-* 
ing of separate sixes in varying quantities by use of movable bulkheads between sines, mr 
by leaving vaU^s between them, but at a sacrifice of storage capacity. Increase in q^eed 
d stocki^ is aoooroplisbed by the addition of cable cars. The plant is especially adapted 
to irregular areas, using fixed trestles for the cable way, and for covered storage, Degiada- 
tiem in prepared sizes varies from 8 to 15%, due to high drops in stocking. 

L. For large storage, especially at interior plants located on the Great I<akee, which 
receive by water. Grab buckets operating on travriing bridges are used for itoww* 
Storage floor pandlels the dock front and is spanned by one or more Inidg^ which maar 
be ptopdled uong on the sutmorting tracks from one end of floor to the other. Bkekefe 
is swgieinded from a trolley, which operates aerdss the bridge on a track huiUthhm tho * 



MISCELLANY 


S4r-i31 


lower diord; m hinged boom, with traeke matehlng those on the tnidge. extends over the 
veeeel so that the bucket may unload direct from boat into storage. Bajna /tin g may be 
dons by tunnel eonveyers, or a conveyer xziay be placed at rear of storage floor, to receive 
coal fromrthe grab bucket, either direct from ve^ or picked up from stock. This con- 
veyel' ^nsfers the coal to a screen house. For covbbed stobaob, thin type may be 
modified by placing fixed trolley tracks in the storage building, which match tracks on a 
tmvdlng unloading tower, so that one tower may serve several traclm. Traversing trolley 
carrying the bucket may be operated by two methods, known as “rope” or "man-trolley 
In the former, the bucket-hoisting and trolley-operating engine or motor is built into the 
bridge and connected to the buclwt and trolley by wire cables. The operator controls 
the bucket and trolley. Two controlling stations aie often installed, one overlooking 
,tbe boat, for unloading, and the other arranged for best supervision of reloading. In the 
eieotrioally-operated man-trolley, the hoisting and traversing motors are mounted on the 
trolleyf with the controlling levers in a cab suspended from it. Usual bucket capacities 
are 1.5 to 3 tons for the former, and 5 to 7.5 tons for the latter. Rope trolley is cheaper 
in first cost, due to light construction required as compared with man-tioUey; but is 
higher in breakage, since the man-trolley operator is always in view of his work, and can 
better lower the bucket onto storage pile when stocking, thus decreasing the drop and 
degradation. It also saves by unloading and reloading in large units. Fixed bridges 
may be arranged to span the screen house, thus eliminating reloading conveyers; but these 
are limited to small plants and require a bridge and screen house for each size stored. 

This type is adapted to stocking separate sises in varying quantities, with or without 
bulkheads, as under K, but does not lend itself to enlargement. It is usuai^r rapid in 
stocking, the speed depending upon skill of operator; but speed of reloading is limited by 
the screen house capacity. Hoisting speed is about 500 ft per min; trolley speed, up to 
1 500 ft per min. Degradation is approx 10%. 


17. IDEAL SCREEN HOUSE 

SHtntlsl elements. 1. Screens to remove undersise from each rise reloaded. 

2. Storage pockets for each size handled, to hold all the undersize made from the size 
being reloaded, unless sales orders ran be arranged to permit loading undersize as made; 
otherwise, undersize must return to storage when its shipping pocket is filled. 

3. Lip screens to remove pocket breakage. 

4« Separate screenings storage floor, with transfer conveyers from screen house to 
storage, with arrangements to return them to the screens for re-sising. 

6. Arrangements to load either gondola or box cars. 

6. Minimum breakage. 

7. Minimum force of men, and low operating and first cost. 

' Design should intdude a receiving hopper, with feeder to shaker screens, one for each 
size bandied, arranged one above the other and directly over the pockets. Each size of 
coal should gravitate directly from its shaker to its pocket, using telegraphs for reducing 
breakage. Loading into cars may be done as at mines, with preference for belt conveyer 
system (Art 8). All sizes above pea should pass over lip screens, the screenings being 
transferred to storage. Local and interior plants receiving box cars should be equipp^ 
irith mechanical box oab loadebs. Where large tonnage is handled in reloading, the 
Tii^TiNO OB GBAvmr BOADEB is Superior to others. The first cost, approximating $50 000 
complete, is warranted only where large oapac is required. Movabbe box-oab boabebs 
give exc^ent results when capac is small; cost, about $7 500 installed. 

k 

18. MISCELLANY 

Mechanical car unloadera for gondola cars are generally used at dupping points at 
seaboard or on the Great Lakes, where large capacity is required. Car dumpers operate 

elevating the car to a height from which the coal will gravitate into the vessel. M which 
poipt the car isturned over, allowing coal to run out. Box car unloaders or dumpers may be 
constructed like the box car tilting loader. Average rate for unloading box cars by band 

to one car per hr per man. , . ... ....w 

BfMkage a fioaL This always occurs in handling anthracite, varying from 6 to 25%, 
to Method of handling. Causes are: dropping of coal, drawing coal under 
praasnre fr<Bn storage piles or pockets, poorly constructed chutes, and handling by omi- 
v^to^'elavntors and grab buckets, Rbeakaoe fbom naoppifio varies with different 
rlniwiri nf oof^ Thou^ it to imprasible to avoid it entirely, it may be reduced by ifliding 
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the coal in olwtes or on twta rhoir that when eised coal ie delivered on a pile it 
atjeka ita angle 6t repoae by av alanching in large maeaee, with iitfle brwkaae. Dbawino 

Table 16. ' Breakage oi Coal Due to Drop D, ft (R. V. NorHe) 


Siae 

Breakage into 
smaller i»e- 
pared'RscB 

Breakage into 
small (steam) 
tiaea 

Total breakage 

Broken. 

3%+0.43/) 

4%+0.43X> 

2%+0.33D 

2%+0.17D 
2%+0,17Z> 
2%f0.27Zl 
4%+0.4 D 
2%+0.5 D 
1%+0.25D 

5%+0.6 D 
d%+0.6 D 
4%+0.4 D 
4%+0.4 D 
2%+0.5 D 
l%+0.25D 

F.gg.... 

Stove. 

Nut. 

Pea. 

nnnnnin 

Buckwheat. 

HHHHIIM 


COAL i7ia»B BBBBBUBB froiQ deep bins or storage piles is a serious cause of breakage, 
though often neglected. When reloading from a gate under pr-essure, breakage is reduced 
by opening first those gates under the ‘‘run’* or edge of the pile. Cbvtbb. poorly con- 
etruoted, cause large breakage, and should be constructed in same manner as in breakers 
(Art 12). Eubvatobs and bcrafino conybyebs cause breakage of from 2 to 6% for the 
former, and 2 to 4% for the latter. Belt convetebb cause no breakage during transit, 
but the drop at discharge is often high unless discharge chute receives the coal at a tangent. 
Gbab buckets cause some breakage, the percentage being in direct proportion to the 
length of their cutting edge per unit of coal handled; hence the greater ^e cubic capacity 
of the bucket the less the degradation. 
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PREPARATION AND COKING OF BITUMINOtlS 

COAL 


1. GENERAL CONSIDERATIONS 

Purpose of COAX, fbeparation is to increase the value of fuel by making it more 
euitable for Uses of the consumer (1). This is done by: (a) screening or sizing; (d) mixing 


Tkble 1. Distribution of —* g-in Size in 
I Vs-in Slack (4) 


< 

Ttaw 

mine 

slack 

Prepared 
and mixed 
slack 

Number of cars. 

113 

100 

Aver % of —S/S’in.... 

50.7 

47 

Percent of — 3/g.in 

Cars, % 

Cars, % 

Under 35. 

9 

5 

35-40... 

6 

II 

40-45. 

17 

17 

45-50. 

17 

38 

50-55. 

19 

18 

55-60. 

IS 

9 

60-70. 

12 

2 

70 and over. 

5 

0 


or blending; (c) cleaning. By combin¬ 
ing any 2 or of these methods, coal 
can be prepared to standard specifications. 
A preparation plant should produce clean 
cost, and refuse free of saleable coal. 

Screening or sizing was the first method 
of increasing the value of coal as a fuel; mix¬ 
ing or blending is important in preparing coal 
for steam, metallurgical, and gas-making 
purposes. For steam coals, controlling the 
proportions of coarse and fine increases 
boiler effic, control of ash suid fusion, and 
of rate of fuel feed. For metallurgical coals, 
mixing and blending permit control of ash, 
sulphur, phosphorus, ash-fusion tempera¬ 
ture, and volatile matter; and for gas coals 
are often used to control size Consist and 
analyses. Table 1 shows distribution of 
— ^/g-in size in raw slack and after mixing. 


2. MARKET STANDARDS AND USES OF BITUMINOUS COAL (1) 

Definite standards for bitumi- m i 

nous are lacking with which to Table la 

compare results; anthracite is ..... 

accepted or rejected on visual in- Type of Coal steam Qas 

Bpeotion(Sec 34). Table la shows inrpcal «««*” tie 

factors considered for acceptance ^ ^ , 

of bitumJnoos coal; complete list Sulphur! !!!!.*!.'.! x - x - ’ 

in Bib (3). Visual inspection is PhoBpbonis!!!!!!! x - - - 

not always sufficiently accurate Fusion. x x x - 

for Control, due to the variety of Moisture. x x - - 

uses, as follows (3): stationary ftoximate analysis - x - - « 

steam generation, colloidal; pul- — '.y ‘ - x x x 

THted ooJ. hydro|wn.lioai Z Z Z I 

and coke making; domestic; ce- Unif<»-niity. x-x~ 

ramio products and cement bum- Volatile matter..! ! x - x x 

ing; loiquettihg; locomotive fuel, Btu. - x x 

blinker; metallurgical; cargo. 


Table la 


Type of Coal 

Metal- 

Inrgacal 

Steam 

Gas 

Domes¬ 

tic 

Ash. 

% 

X 

X 


Sulphur. 

X 

- 

X 


Phosphorus. 

X 

- 

- 

— 

Fusion. 

X 

X 

X 

— 

Moisture. 

X 

z 

- 

• 

Proximate analyiia 

- 

X 

- 

4 

Size. 

- 

X 

X 

X 

Visible impurities. 

- 

- 

-- 

z 

Dustiness. 

- 

- 

— 

X 

Unif<»-mity. 

X 

- 

X 


Volatile matter.... 

X 

- 

X 

X 

Btii. 

- 

X 

X 

- 


3. HAND-PICKING 


Hand-picking (1) is still widely practiced on sizes above 1 in. Tests on a largeucale 

m, ^ m a commercial plant 

Table 2. Tons Waste per 

Hour per Hand-picker 


Sties, 
round 
hob, in . 

-£Hnk at 1,60 sp gr 
(Art 8) in desn^ 
fut^uot, % 

limits 

Aver 

2 to 4 

1 to2 

0.7-4.5 
1.2-7.1 

2.2 


Sise, round 
hole, in 

Limita 

Aver 

Over 4 

0.8 *2.5 

1.9 

Over 2 

0.05-0.4 

0.3 

2to4 

0.15-0.3 

0.24 


show tiie accompanying 
percentages of extrane¬ 
ous matter <above l.fiO 
sp gr) remaining in ti|S 
e^. Table- 2 sbotlns^, 
amount waste. 
moved pgr picket ia the 
same taste. 


Si-Q2 
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CcHnsMred with hand-piekins, Sgons in Table 2a Table la. Bbaalta of Mecbankal 
indicate tiie elinunation obtainable on varioua aiiea by Claaiung 

modem i^paratjon plants (1). 

Ash in. the l.W sp gr sink matnial (Art 6) in hand¬ 
picked <x>al usually averages between 45 and 60%; 
that .from medianical preparation, 35-40% ai^. 

^Loss Of nSFUsa fnnn hand-picking, whidi generally 
contains 50-60% coal, is a real loss. The value of 
good coal in the pickings, if recovered, is often more 
than the.cost of picking labor. Table 3 gives data on 
hand-picking at 6 plants; costa adjusted to equal labor 
scale of 1637. 


6Ue, round 
brie, in 

Percent sink at 1.60 
apgr 

Steam 

coal 

MetaUnr- 
gioal coal 

2 to 4 

0.5 

0.2 

1 to 2 

1.0 

0.5 . 

*/8 to 1 

2.0 

1.0 

-t/g 

2.0 

1.0 


Table 3. Data and Costs on Hand-picking 


Sise of coal picked, in 

A 

+4 

B 

+4 

C 

+2 

D 

+ 4 

E 

+4 

B 

G 
+ 2 

H 

+ 2.5 

I 

2to4 

Percent of rew coal raieoted. 

10.6 

23.5 

■a 

10.4 

10.0 

3.7 

3.4 

13.3 

1.9 

Number of rickcre. 

12 

4.5 

12 

6 

6 

3 

16 

11 

8 

Tons per men: 










pw dapsed hr. 

1.9 

1.6 

BU 

l.l 

0.8 

i.O 


0.86 

0.24 

per operating hr. 

1.9 

2.6 


1.4 

1.0 

. . . 

• • • . 

I.l^ 

• • • • 

Coet per ton of rejected 



■■1 






meterial. 

$0.36 

$0.4S 

ins 

$0.67 

$0.80 

$0.72 

$4.28 

$0.83 (a) 

$2.97 (5) 


(a) Contained 60% of coal in addition. (6) Less than half of total impuritv (4.1%) removed ’ 
by incldng. 


Hand-picking is done on conveying or shaking tables, in chutes, or in HR cars as 
material is loaded. The Marcus screen is also used as a picking-table. 

. Conveying picking-tables are belts or apron-pan conveyers, either flat-top or with 
skirt boai^ to guard the side links and chain. Flat-top table is preferable, as pickms 
can work faster by sliding off large pieces instead of lifting them over the skirt boards. 
Belts are used as combination picking-table and loading boom. Speed of 50 ft per min 
on conveyer picking-tables is preferr^; max, 60 ft. Width should not bo over 60 in. 

Rhairin g picking-tables have greater capac, since pieces too large to lift can be guided 
off the table. The material spreads evenly at one particle depth, if not retarded by 
pmforated plates. 

Tables have steel or wood frames with steel decks 3/l6~^/8 in thick, supported on inclined stilts 
' of wood or steel, pivoted or 6xed at both ends; tables should not be over 60 in wide; lengriis, 10-30 ft, 
depending on number of pickers. Top of table not over 32 in above pickers’ platform; slope, 6*-8*; 
ap^d and stroke adjusted for a speed of 50 ft per min of the material passing over the table; stroke, 
usually 4.6 in; speed, 150-165 rpm. Drive is by crank or eccentric, with flywheel. 


4. FEEDERS 

Faadws give steady flow of material. Storage bins or hoppers, above the feeders have 
sufficient capac to provide continuous flow at a rate obviating undue delays. Feeders are 
adjustable, for handling dry or wet materials at a uniform rate for a given sotting. Follow¬ 
ing are types of feeders. 

Fan-shaped idate, doping Coal is dumped on the narrow end; the wide end 

luually delivering to a screen, has adjustable convex curvature for spreading the com 
evenly. It is inexpensive, has no moving parts, and causes little or no degr^ation. 

Adjustable vertical gate, for free-flowing fine materials, is placed in a bin or hopper 
with a bottom inclined 45®, and set for the proper opening, or raised and lowered ta' con- 
nsoting to a power-driven eccentric. ..... 

Swing-hammer regulator. When delivering lump material from^ hoppters, bridging u 
prevented by using large openings, the regulator keeping the material in check. Heavy 
hammers bimg in front of the opening above the feeder, limiting flow to the depth estab- 
lidied by of the hammers above the feeder. When s large lump appears, one or 

more hammora rise to let it pass. ^ 

. tfBelt faedets are wdl adapted for fine, dry material under 2.5 in, at capacities to IqP 
toia psihr; widths are to 42 in, lengths to suit conditions; min length depends on an|^ 
of nposd of maiterial set the hdight of feeder opening. Brits run at 20-60 ft iw min. To 
iiKseaa^^^ life trf a bdt h andlin g abrasive materials, steel armor ririps are riveted to the 
, ciatiyiBii aide, with opu&|^rsunk headaon the pulley side. . , 
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Apron (ooAor. for large eapao and large lumps, provide regularity of flow with wall 
powef consumption and little headroom. Storage bin over the feeder slmuld be design^ 
to te^ve ae.muoh weii^t am possible from tin feeder pan and chain. * 

This feeder ooneiete of a series of oveilsppiog steel pans, to form a contiouous conveyer eartied 
between heavy roller chains and attsefaed riaidly to the inner links. The conveyer moves bttweeA 
2 skirt boards, permitting large eapao. The chain runs on an angleriron or rail track; whme 
It undergoes undue stress, a roller-track feeder may be used: the load on feeder and wt of the chains • 
and pan* are^rried, through the chain bars, on larger rollers Speeds of apron feeders vary from 
<6 to SO ft per min; widths, 24-60 in; lengths, »-10 ft between sprocket centers. Capac depends* 
on depth of material, which, with a regulating gate, should be twiee the sise of lump. 


R<dl feeder can proportion very accurately and has a relatively large capac; headroom 
is greater than for some other feeders. It is not adapted for materials over 6-in diam, 
but for conditions within its range its simplicity and accuracy are advantages. Peripheral 
speed, 6-20 ft per min. 

Vane feeder resembles the roll, but the rotor has 4 or more vanes. It may be used 
gg g iT tsnsnring device, giving a continuous, uniform feed, and is adjustable for predeter¬ 
mined ddiveriwu It is not adapted to wet sticky material, as the vanes soon become 
pfM!'k«»d Like the roll feeder, it may be placed at bottom of a bin or at end of a chute; 
the material is deposited directly or carried farther by chute. Speed, 10-20 rpm; capac, 
660-3 260 ou ft per hr at 16 rpm; size, 12-24 in diam, 16-18 in wide. 

Reciprocating feeder, especially useful for lump coal, is a reciprocating steel plate 
forming the bottom of a hopper. It is supported on rollers and driven by an eccentric or 
crank. On forward stroke, the material is carried away from the hopper; on the reverse, 
•the plate slides back, thus unloading a certain amount at end of the plate. Rate of fe^ 
is varied by changing speed of the eccentric or crank, or size of opening. This feeder is 
gimpie in construction and operation, accurate in delivering specified amounts of material 
at a uniform rate; and requires little headroom and power. The plate is subject to con¬ 
siderable wear, and the rollers, 
unless rotating freely, develop 
flat spots. Feeders are 15-60 
in wide and 6-12 ft long; 
stroke, 3-8 in; speed, 10-60 
rpm; power, 0.5-15 bp. A 
flywheel on the drive shaft is 
desirable. 

This feeder mky be supported 
on wheels (Fig 1), or suspended 
from pivoted hanger rods, or by a 
combination of both; feeder plate 
may be horis or slope downward. 



Fig 1. Reciprocating Feeder 


It is not self-cleaning imlras run 
at high speed. The hopper is best 
made with 45° sides and a vert 


end at least 12 in high (or a slope not less than 45°). It should take as much weight os possible from 
th^ feeder plate, which can then run faster, with lees power and wear. When feeding a belt con¬ 
veyer or screen with mixed siaes, the feeder ends should have extended fingers, of grissly bars or 
rails, to deposit the fines on the belt as a cushion for coarse lumps. 

Disk fMder. Bottom edge of the hopper is slightly elevated above the disk, to allow 
material to flow and assume its angle of repose within the plate’s circumference. The 
htqtper throat may be adjustable, and one or more plows set to discharge from the rotating 
plate. agitator attached to the plate may extend up into the hopper to prevent clog¬ 
ging or bri^ng; this adapts the feeder to damp materials. The drive is by constant-, 
variable-, or multiple-speed motors, through open gear, chain drive, or gear reducers. 


6. SIZING AND CRUSHING 

Vized-bgr grixaly eonmsts of screen bars set at an angle to allow the material to flow 
over thmn by gravity (2). The bars are usually of tapered or diamond-headed sections, 
set with tihe thicker edge at the top. Screens are 3-6 ft wide, 8-12 ft long; suitalde fm 
scalping large sizes when material is not sticky; used oftenest over bins or in chutes to 
ntiieve thd crusher of small sizes; are the simplest and cheapest to install ai^ operate; luWe 
praotieally unlimited capac, require no power and littie attendance, and wi^Uurtnnd rough 
work. Friui^pcd objections: (o) headroom required; (6) difficulty of changibg.^riiM of' 
pi)edtt6t; (e) irottUe due to chnnges in ooeff of friction i^tween screen and material; ^<0 low 
in exactjiiiing; (e) incomplete screening; (/) bieaJnge^ product. 
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rRevolvliig or disk grizdy cooBists of a aeries of parallel shafts carrying disks, tite q;>ao- 
ing and diam of which leave square openings of the else desired. Hie ^afts lidl revolve 
in same direction, but at different speeds; the first, at the receiving end of the grissly, 
revolving slowest, succeeding ones slightly faster; slope, 15-20^. The openings are 
1.25-4 in with 5-8-in shafts; disks, 9.5-18-in diam; screen surfaces, 24 by 68 in to 48 by 
81-in; capac, 100-200 ton per hr for scalping; 75-150 ton for sising; power, 5-7.5 hp. 
Space required, 73 by 66 in by 32 in Itigh, to 84 by 78 in by 42 in high. 

Xtevolvlog screes (2) is rare, due to esressive breakage; may be used as a combination breaker 
and screen (Bradford breaker), and a modification for breaking laminated material in the coarse 
refuse from a wet cleaning plant, screening out the fines and re-treating them. Max site of mate¬ 
rial, about 3 in. Screens may be 24-72 in diam, and 6-24 ft long, in 2 or more sertions: they are 
suppor^d on through shafts, or trunnions. Since only 1/6 of the perimeter is covered at one time, 
the screen has a low capac per unit area; more space is re<iuired for a given 
capac than other types. For damp coal, increase scieen area 50% Screens 
are set on a elope of 5®-7..5‘’: peripheral speed, 22.'»-250 ft per min; above 
273 ft per min, effic decreases rapidly. Power for a screen revolving on 
a shaft; hp tons per hr -s- 10; or diam scieen (ft) X length (ft) -i- 0. 

Two or more screens are often set eoncciitriciUly on same shaft; innermost 
is the coarsest, the others making additional separation. This reduces 
the space needed for a given plant. 


Shaking screens are advantageous in that the entire area is utilized; hence, greater 
capac for a given space. They require less headroom, can be used fur damp coal and for 
dewatering, and aie well adapted to sprays. The coal slides over the surface with little 
breakage. Disadvantage is the vibration set up in the structure. Shaking screens ore 
widely used in tipplra for sizing dry riin-of-mine coal over 0.5 in and not under 0.25 in, 
incidentally serving as conveyers for loading on several tracks. 

The frame is of steel plate and structural shapes; may have wooden sides. The screen may be 
used not only for sizing but also os a shaking conveying chute, by blanking oil part of it with plates. 
Primary or run-of-mine screens are heavy, to withstand hard service. Drive and support should be 
well braced, to prevent flexure and shear of rivets and bolts. Lighter steel, or wood and steel, 
frames are suitable for secondary screening of small sizes. Light screens are run at higher speeds 
and with shorter strokes than for run-of-mine. Their inelination is less, permitting more exact 
sizing without reducing capac. Shaking screens may be up to 12-ft width; usually, 6-8 ft. 
Width should be figured to give a thin bed, without excessive speed of flow; aver flow, 50 ft per min; 
max, 75 ft; length must satisfy the tolerance of undersise in the oversize; the longer the soreen, the 
greater the degradation. 


Diam 
hole, in 

Tons per hr 
per sq ft 
area 

1 

l.S 

2 

0.33-0.25 

0.56-0.25 

0.67-0.50 




Fig 2. Buhler Reciprocating 
Drive for Shaking Serseno 


A ebftbing screen may have one frame, or 2 or 3 superimposed frames with one drive; 
or, the f fwwxM toay be tandem, one drive to each 2 frames. When superimposed, the 
pitttet larger holes are on the top deck; in tandem arrangement, the fine-hole screens 
are »i %he fe^ end, the., others at discharge end. Superimposed frames are B|>aoed to. 
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ttUow room betvem (teoka for changing and removing the ocreen plates. Bottom deck 
may be blanked with plate, lor uw as a shaking conveym. Chutes are attached to bot¬ 
tom or side for discharging t^e products at desired points. Screens are hnn g by rods, 
wire rope, wood-bound hangers, or set on wooden or steel stilts, fixed or pivoted' at each 
end. The driv» is usually an eccentric or crank. A recent apidication is the Bcnucn 
BsciPBOcaTiNO nmva (fig 2); its dimensions with flywheel follow: 



Dimensions, in 

Wright, lb 

Rpm 

— 

B 



E 




With- 

Max 


C 

D 

F 

O 

M 

out 

added 


IIIIIIIIIIIh 








load 

load 

450 

I3»/4 

121/8 

Mi 

15 8/4 

9 3/16 

13 5/8 

818/16 

1 1/2 


40 


121/s 

121/2 


MV2 

IVi 

11 Vs 

88/4 

1 V4 


31 


t1 

121/2 

If pi 

12 3/8 

71/8 

111/2 

83/4 

1 V4 


23 


8 

12 8/4 

wtEm 

9 8/8 

51/4 

10 

61/4 

11/4 

34 

8 


Table 4. Data on Rnn-of-mine Screens The 3 variables of elope, speed, and 

throw are interdependent, and the right 
combination must be ascertained for 
rapid and complete screening. Run-of- 
mine shaking screens average 100 rpm, 
with a throw of 6 in, there being less 
variation in these adjustments than in 
the slope, which averages 3.5 in per ft, or 
16° 65'. Light fine-coal screens run at 
130—160 rpm, with 3 to 5.5-in stroke. 
The less the slope the higher the speed 
and longer the stroke for a given capac. 
Table 4 gives capac of dry screens at 7. 
large installations; for other examples, 
see Table 9. 

Parrish screen has wide applications 
for bituminous coal. It usually has 
wooden sides, is suspended on flexible 
wooden hangers, and driven by wooden arms, with spring pieces to provide flexibility. 
It is cheap and light in weight. Sides of frame are usually 3 or 4 in by 6-in oak or 
yellow pine, sometimes 6-in angles or a plate and angles; cross members, 2.5- or 3-in 
angles. Punched plate, of ordinary steel, Monel metal, bronse, or stainless steel, is 
flanged and bolted to sides. Wire mesh, sometimes used for fine sizes, tends to blind at 
coarser sizes. Screens are 4-7 ft wide and 12-70 ft long; complete deck weighs 1 000-6 0(X) 
lb. Slope, 0.5—1.5 in per ft; the steeper slope increases conveying capac at exi>ense of 
effie; on a low slope, lump coal travels faster than fine; aver travel with 5-in stroke 
and 160 rpm is 60 ft i>er min. 

» 

Frames are oommonly supported from above by oak, hickory, or ash boards, 1 by 8 in, 
rigidly fastened to screen and to the overhead structural member; flexibility of the boards allows 
sufficient movement of screen. Hanger boards often slope backward 1.5 in per 12 in, so that screoi 
rises on forward stroke and acceleratee movement of coal. Steel hangers or chains may be used 
instead of boards, and screens are sometimes supported from below on flexible legs. 8in;de or 
superimposed groups of 2 or 3 screens are oscillated from cranks or eccentrics through wooden arms, 
rigidly bolted to each screen, with a part reduced in cross-sec to provide flesibHity; steel arms with 
wrist-pin eonneetion to screen frame are also used. Eccentrics are commonest on driving shafts, 
but cranks have advantages. If more than 1 screen is driven from same shaft, eeoentrics or cranks 
are at angle of 180° (for 2) or 120° (for 3) to neutralise structural vibrations; power, 3-10 hp per 
screen. Usual adjustments; for lump coal, speed 100-160 rpm, throw 6-4.5 in; for prepared rises,, 
speed 126-160 rpm, throw S-4 in; for steam sixes, speed 150-200 rpm, throw 4.5-3 in. 

A new ^po of drive for shaker screens (Link-Belt Ck>) is shown in Fig 3. The motor 
and eccentric shaft are mounted on a counterweighted b^, suspended by links from the 
main steuctureu .Tbe thrust to oscillate the screen is absorbed by the suspend^ baag, 
tht» eliminating vibration in the nmchine. 

IWwgtiag screens. The impulses are imparted mechanically cor through Meotro- 
the movement may be circular, dli^ical. or s1&ai|drt4ine. The, w|u>le 
may vibrate, or the vibrating mechanism be atitaehed to the screen cloth on ijW.longit 
center at 1 or 2 points. Screens may be hods, or; for moifture reduotiont indmied.il'* 


(All with 4-in holes, except as noted) 



Tons per hr per eq ft of 
perforate area 

Loaded 

product 

Feed 

Through 

Over 

Moistwe 
at 105”C 

A 

7.63 

5.58 

2.06 

2.9 

B 

3.22 

2.34 

0.88 

3.3 

0(a) 

2.33 

1.30 (a) 

1.03 

2.5 

D 

3.71 

3.18 

0.53 

2.0 

£ 

5.16 

4.36 

0.80 

2.0 

F(6) 

6.22 

4.98 

1.24 


G 

2.49 

0.79(c) 

1.70 

1.4(d) 


(a) Marcus screen; through product 2-4 in. 
[6) 3 S/s-in holes, (e) Through product 3 8/s-4 in. 
[a) Moisture at 85° C. 
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upward towards tha discharge end. They are 1<, 2-, or 3-deok; 2-6 ft wide and 3-20 ft 
long; us ua l l y stqiported on a fixed base, through an anti-vibrating medium of stwinips, 
rubber, oork or wood. _ The frame is fix^ or adjustable as to inidind^on; suQMuded by 
wire ropes or rods, with springs and tumbuckle vert adjustment. For capacities, see 
Table 9. ^ 



K**MreenJnc. Limited space and trackage may require loading of 2 or more coal eisee on 
same track; the main shaker, also, may be too abort to make all the aizes. Such conditions involve 
re-screening^ of minw 2-in or 1-in slack or smaller, which may be elevated to screens set over the 
tracks at suitable distances from loading points, to give room for shifting RR ears. The re-screens 
are set,over 2 or more bins, depending on number of sizes. Sised coal (except slack or fines) is 
deposited in the bins by sinrals (see Bee 34) or lowering chutes, to avoid breakage. Vibrating screens 
are preferred, due to their larger capac for a given height and space. 


Cut steel 



CfUslMn. By proper sdlectioa of equipment, the yield of coarse siaee is grmter t han 
when rough Twin ing and handling are i)ermitted; crushed products have more cubical pieces. 
Crushing may also be applied in connection with washing, to free^ at^ched particles of 
ro^kr Of rww coal prior to washing, or to refuse before re-washing. Crushers should 
have unHorm feed, with provision for removing undersise product by by-passing. For 
ro&B, theleed is adjusted to flow across their full face to prevent uneven wear; they should 
^vn a ipyi"tg relief (Fig 4), to allow hard substancra, as tramp iron, sulphur balls, <w 
wo^ to pass t^iigh without breaking parts or bending a shaft. 
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8 ini^«>ron crnaher haa 2 side frames oonneeted by erom members, on ndudi ate^oar* 
ried a revolving rc^ and a breaUng plate hrtd stationary by spring action. Tha drive, 
through gMus, gives a'peripheral speed of 400-600 ft per min. The roll has cntshing teeth 
about 7/s in Mgh and slugging teeth 1.5-4 in high, depending on nae of feed. Siae of 
psoduot is adjusted by moving the crushing plate towm-ds or from the revolving roll. 

Double-roll crusher has smaller capac than the singleToll, but is more efEic, and pro¬ 
duces larger yield of a desired aise. There are several makes. One type has its 2 ro^ 
connected by a chain drive, and has wide latitude of adjustment for different sises of feed 
and product. The double-roll type requires less power, as there is less friction than 
against a stationary plate. Crushing is more uniform because the absence of backlash in 
the drive permits the teeth to mesh properly. At peripheral speed of 300-600 ft per min, 
rolls produce more coarse sises than at higher speed. .For large capac, oversise rolls are 
doiirable. Rolls may be solid with inserted teeth, or in segments bolted to a C-I or steel 
, spider; segments have integral-cast teeth, and may be of chilled C I, manganese steel, 
or h^t-treated alloy steel, the latter being favored. 

Power depends mainly upon hardness of the coal. Soft coal requires 7 /s bp per ton 
pm hr (crushing to 4-in aver cube) to 1/4 hp (crushing to ®/ 8 -in). For hard coal, power 
per ton per hr is about doubled for corresponding sizes. Worn teeth diminish capac and 
increase power required. 

Pick breaker pierces the coal by rows of vert picks, making stove, furnace, and egg 
sises. The coal, carried on a plate conveyer, is stationary while the picks descend, and 
is moved forward when the picks rise. The steel frame supports a plate conveyer carried 
on a chain. There are 2 sets of picks, for preliminary brewing and final sizing, mounts 
in plates bolted to an oscillating frame. 

> Hammer breaker is chiefly for producing fines under 0.5-in for coking, but is applicable 
also to many other purposes. It is designed for products from — t/g-in to —2-in; ^so to 

break preliminary to washing, or to 
crush a middlings product, of 
laminated coal and rook, prior to 
re-treatment. 

Bradford breaker is a slowly re¬ 
volving cylindrical screen, within 
which the coal is raised by internal 
shelves, and dropped repeatedly 
until broken small enough to pass 
through the screen. Speed, 15.5- 
17 rpm, according ..to size. Main¬ 
tenance cost is low; capac, 25-600 
tons per hr. 

Table 5 shows operating fac¬ 
tors of several typra of crushers (Coll Eng, Oct, 1931). 

6. LOADING BOOMS AND MIXING (see also Sec 27) 

These may consist of im apron or belt conveyer, shaking pan, or a low-flight, douUe- 
stranded chain convesw with steel bottom; the conveyer is not over 60 in wide, for die- 
/♦hftFging into RR car. The boom is usually on the center line of a track and discharges 
down-grade, the car traveling away from it while loading; the boom may also be swivel^ 
for dianhitrg in g into a box-car loader between the tracks. For other details, see Sec 27. 
Speed of conveyer is from 50 ft per min on combination picking table and boom, to 100 It 
per tnin on belt-loading booms. Capac, tons per hr <■ 1.55 SWT. where S ■■ speed, 
ft per min.; W and T » aver width and depth of material, ft. Poweb, depending on length 
of boom, capac and slope, is 5-60 hp; for boom hoists, 3-10 hp. Fig 5 shows use of an auto¬ 
matic loading chute at end of boom. 

Simplest form of mixing conveyer straddles all the loading tracks and is arranged so ^t 
as many booms as desired may be raised to discharge into the convsyer on one or both 
of its strands, the mixed coal then being spouted to any one track. For large tonnages, 
the soreens miQ^ discharge the different sises onto bond-conveyers running across 
tracks and.delivering to the horiz sections of the several booms or qwuto above the tradm; - 
each €St>sa-oonveyer has gates to discharge part or all of its load onto any boom or diUte.< 
Fw Manding , the Various sizes may be conveyed, elevated, or stored in bins lutving-spir^ 
lowering iftutee (Sec 34) and withdrawal chutes. The coal mi^. be drawn from bjy 
variahle^speed feeders, and passed over degradation screena and rati-breakzge spopto to 
rabpTMt conveyors, loading bmms, or tdeseopio loaifing chutes. ''' ^ 


Table 5. Crasher Operating Features 


Type of 
machine 

Max 
feed, in 

Size of 
product, 
in 

Output, 
tons 
per hr 

Hp per ton 
per hr 

Vert pick.. | 

ruii-of- 

mine 

i 

45-250 

0.09-0.25 

Horiz pick.., 

It 

6-2 

20-40 

0.25-0.35 

Single roll... 

7-24 

below 2 

30-150 

0.3 -0,75 

Double roll.. 

7-10 

2-1 

10-70 

0.5 -1.00 

Four-rdl.... 

6, r-o-tn 

2-1/2 

8-40 

0,6 -1.50 

Flex hammer 

14-24 

2-1/4 

12-270 

0.4 -3.0 

Pulverizers.. 

1-8 

1-1/8 

5-800 

4.0 -10,0 
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Position No. 1 


Position No. 2 


Topping out car. Counter^welght Buotn raised, for chute to dlrert 

at rest., to release ebute upon upward, coat Into oncouilqg car. CublCB sUtek 

Xiovemeat of boom 



Loading booui 


JDlTersioDJChdte 
'Mixing conreyer 


ii 

_Hinged stop open to permit 

counter-weight to pass 



Position No. 3 

Empty car In loading pMltlon. 
Boom, droppkl Into car, hrln^ng 
eoanter-welght into play and moving 
dlvanlon ebute under boom 


Position No. 4 

When mixing conveyer la wod a* 
outer end of boom, an intermed^ 
hinged stop is required lor tta 
welgbt. Counter-weight rMta on this 
atop lor poalUona 1, 2 and 8, and 
through It wbenjioom W loudtag Intp 
conveyer 


Fig 6. Automatic CoaWoading.Chute 




















t 
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7. CONVBYBRS. CHUTES AND LAUNDERS (see also Sec 27) 

« 

C<mv«}rance mcludes: handily of raw coal; collecting for aeleetive loading; delivety of 
lump and egg to roUa; renscreening operations and delivwy of their products to pockets 
and thence to cars; delivery of coal to cleaning units, and sized products from screens to 
cars; disposal of refuse. Commonest types of conveyer: (a) inclined or horis longit shhlt* 
ing; (6) inclined side-shaking; (c) flight; (d) belt; (e) pan; also, screw and bulk conveyers, 
chutes and launders. 

Longitudinal shaking conveyers are for small tonnages of prepared sises. They are inex¬ 
pensive but noisy, and, unless designed to convey only one layer deep, cause coal breakage. 

Moisture, temp, and shape of broken oosl affect speed of travel; in general, to convey 100 tons 
per hr, a width cf 30 in, slope of 6°-7°, and IfiO 6-in strokes per min is correct practice. Wooden 
hangers, with min length of 5 ft (aver 8 ft; max 12 ft), spaced 5-7 ft apart, are 8-10 in wide and 
0.75-1 in thick. By inclining them forward in direction of travel, the conveyer slope may be 
decreased (compare shaking screens. Art 5). A conveyei with 10-ft hangers, inclined 3 in, and oscil¬ 
lated at 150 strokes per min, may be set horis; speed of travel for prepared sixes, about 00 ft per min. 

81de-slukiac conveyers are rare. For the same service they must be steeper than the longi¬ 
tudinal type, and corners should be rounded to avoid breakage. 

Flight conveyerg (see also Sec 27), applicable to all tonnages, are especially suitable for 
distributing and mixing at several discharge points. They have the advantage of carry¬ 
ing a load on both runs, if desired. 

The flights are 6-15 in deep and 12-60 in wide, of S/ig-O/g-in plate, dished or reinforced with 
structural angles. Flights 16 in wide or less are carried by a single strand; wider ones by double 
strand roller, strap, bar-link, or drop-forged chain. Sjieed for roller chain is usually 100-150 ft 
per mui; bar-link and forged chains, 50-150 ft, 80 ft per min preferred. EoUer chain is adapted to 
dry coal, has lees friotionid resistance, but weigha more per ft for a given strength than forged or 
bar-link; latter 2 ohaina are better for wet coal or to operate in water; for refuse, the bar-link ia 
recommended. Flights 3 in high servo well for conveyers that are horis or in(^ed up to the 
anglfLof repoee of sised material. 

Materials used in flight conveyers handling wet, corrosive, or abrasive coal or refuse: 
ehaina should be of corroBion-resisting steels; heat-treating increases strength and resistant 
proiwrties; sprockets are of cast steel, for strength and to permit welding of teeth on worn 
sprockets; conveyer bottoms are of >/i<r*/8-in mild steel, or of abrasion- or corrosion- 
resisting plates; flights of spring steel take polish and wear longer than mild steel. 

Bdt conveyers are for comparatively long distances and dry coal; widths, 12-60 in; 
speed, 200-400 ft per min; inclination, up to 18° or 20°, depending on size of coal. They 
are adapted to all sizes, including run-of-mine, and for capac to 1 500 tons per hr. 

Pan conveyera are best for large tonnages, short distances, and inclinations to 30°. 
They are usuc^y of >/ie- or 1 / 4 -in plate, in double-headed flights, and carried on strai>- 
itfller chain at 9-, 12-, 18-, or 24-in pitch, depending on capac. Rollers travel on angle- 
iron or 20- to 30-lb T-rail track; spe^, 76-100 ft per min. 

Costs. Of the mechanical conveyers, the pan is most and belt conveyer least expen¬ 
sive in first cost. Operating cost and upkeep are about the same for oil inclined con¬ 
veyers, which are normally lower in first cost, operating, and upkeep, for same vert lift, 
thax^ gravity-discharge elevators. 

Cbntes are conveyers only in a limited sense, their normal function being to lower coal without 
bieakage. They have reotangular, rounded or aemieireular croes-eec. Chutes that change direeticn 
should be of spiral form or wi^ warped or triangular plates, so that coal will slide freely (See 34); as 
they wear considerably, especially in handling wet coal and refuse, bottom and sides should be mado 
of, or lined with, abrasion- and corrosion-resisting metals Slopes vary with moisture, tempera¬ 
ture, shape and size of eoal, and nature of chute bottom. When steeper slopes than those requuc^ for 
flow are unavoidable, retarcflng devices are placed in chutes, such as weighted chain, loops id wire 
rope, bating, or other baflUes. Wooden chutes are lined with steel plats. To prevent bloeldm;, 
width of dbute is aboutfl tinws &e aiaa of largest lump. 

Storgge hilig, for raw coal and for sized cool intended for blending, require ZiOwaaiMa 
CKUTM QT TBUioBAPHB (Seo 34) to reduce breakage. 

. Lautidets convey produota by sud of water on flat slopes. Very little if any’ breakage 
(rf ea^ ooeurs in well designed launders. Capac depends on the pitch and amount of 
water ratMr on the widik. (For sand-oontw^ng launders, see Sw 10, Art fljl.) 
Lausdera may be of concrete, steel, or wood^ined; cross-sec, regta iigu l M * w senu-droular.. 
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Oaaenl. Design of a 
preparation plant dxould 
bei^ with careful examina¬ 
tion of the coal to be treat¬ 
ed. Investigation may 
start with samples from 
boreholes, to be followed, 
as mine development ad- 
vanoes, by channel samples 
from working faces, and 
finally by bulk samples re¬ 
presenting aver yield ex¬ 
pected from the mine, and 
depending as much on 
mining method as on nature 
of seam. Essential ftMstors: 

(a) distribution of sixes in 
nm-of-mine output, ascer^ 
tained by screen analysis; 

(b) distribution of impuri¬ 
ties, all heavier than coal, 
among the several sises, and 
their total amount in the 
mine output, both of which 
features are determined by 
float-and-sink analysis (see 
below). Correlation of 
screen and density analyses 
will then indicate: (1) 
whether a coal meeting the 
specifioations of the expect¬ 
ed market can be prepared; 

(2) whether a reject can be 
discarded (also, its amount) 
sufficiently free from coal to 
be .not worth re-treating; 

(3) amounts of material of 
intermediate grade to be re- 
crushed and treated, if not 
salable as an inferior fuel; 

(4) at what sixes and den- 
utiee separations diould be 
made for max profit. To 
supply a spedalixed market, 
separations must sometimes 
be made at sises or densities 
not favorable to the coal 
in question, entailing added 
odst for construction and 
operation, and increased 
iMses in refuM. 

Saiqpling. Methods of 
sampling in a mine are de¬ 
scribed in Bib (11); those 
for bulk or cargo lots, in 
Bib (12). Following data 
rejto meinly to sampling 
for plants control, for exam- 
inittion of^'raw ^ooal as to its 
wati^MihiUty, or tin general, 
wheiw « Bowing stream of 
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coal can .be cut for sampling. The material taken at one cut to rem'eamt the cross i>ae 
of the flow is caSed an “increment”; sum of these constitutes the-gross sample. The 
number and weight of individual increments,required to yield an authentic sample depend 
upon: (a) max and min size of fragments; (6) tonnage represented by the sample; (e) 
nature of test to be applied to the sample, whether a screen analysis, a float-and^i^ 
teat (below) with or without previous sizing, or a chemical analysis. 

Adherence to a fixed aamplins cchedule ia deairsble for comparability of reaulta. A achednle 
adopted by the Pittaburgb Coal Co ia given in Table 6; recommendationa by 2 authoritiea as to 
min wt of samples proper for float-and-aink analyses, in Table 7. Tendency towards aegregatioa 
of sixes in a flowing stream demands attention (U); wherever poesible, sample should be taken at- a 
point immediately following some mixing operation. Unaccounted losses of moisture must be 
avoided. Samples rnay be reduced in bulk by "alternate ahovel” or "long pile" methods, if above 
3/8-in sUe; smaller sixes, on mechanical riffles cutting out at least 10% of gross sample (see See 29). 
Samples for sixing tests must be handled cautiously to avoid breakage. For satisfactory sixe- 
weight ratios in samples for wasliability tests (rarely permitting a reduction in size before dirifflng 
the sample), eeo Bib (8). 


Screen analysis. In modern plants, hand-picking gives place to merhanieal cleaning at about' 
6-in sise. When testing a run-of-mine sample, the sizes usually adopted are: -(-6-in: 6-4 in; 4-3 in; 
3-2 in; 2-1.6 in; 1.5-1 in; 1-0.75 in; 0.75-3/g in (all round-bole screens): 3/g in-4 mesh; 4-8; 8-14; 
14-28; 28-48; 48-100; 100-200; —200 mesh (Tyler std or equivalent square-hole screens) (see 
See 31). Each sized product, down to 48-mesh, may be separately tested by the float-and-^k 

method (below) at densities graduated systematically 
Table 7. Minimum Weights (Lh) of from 1.3 to 2.0; material finer than 48-mesh ia tiau- 
Sampleg for Float-and-Sink Testing considered clean coal. 

Float-and-sink testing. Since sU wet-clean¬ 
ing processes (except flotation) depend upon 
differences in sp gr between coal and its im-' 
purities, determination of amount and diatribu- 
tion of impurities (as to size) is a valuable guide 
in designing a process. Run-of-mine may con¬ 
tain constituents ranging from pure ooal (sp gr, 
1.25) to clean slate (2.8) and pyrife (5.0); 
“bony” coal, an indefinite mixture of carbon¬ 
aceous and finely divided inert matter, is very 
troublesome due to its intermediate density. 
Impurities are often in thin laminations, but 
separable on further crushing into light and 
heavy components. 

Teat ia conducted by 'immersing the sample, 
preferably sized between 2 consecutive screens (see 
Screen analyus) and free from dtist, in a series of heavy solutions (see below) graduated as to 
density, usually beginning with the leas dense. Float material is removed, washed (if necessary), 
dried, and weighed; that which sinks is re-treated in the next heavier solution. This procedure 
may be reversed if the impurities disintegrate in the solution; starting with the densest solution 
(usually 1.70sp gr), the heariest (sink) 



components can be eliminated at the 
outset. For a complete test, solutions 
range from 140 to 1.70 sp gr, in steps 
of 0.05; for routine testing, customary 
densities are 1.4 and 1.6, yielding 3 
producte. When all siied products 
from the original sample (usuidly 
excluding that finer than S^meeh) 
have been examined, and a composite 
oaleulated, It is possible to determine 
what proportion of the raw ooal can 
be: (a) sold to sjieoifications, (5) dia- 
cakded as Mfuse, (e) improved by fur¬ 
ther erushiag and repeated washing. 
Each item bag direct bearing on de¬ 
sign and operation d the plent. 

Hmv 7 fdiltlons for coal testing 
are: (g) aqueous solutions of ZnClz 
or CbCIi; .(&) organic liquids, as 
oailrboD. tetraobioride (spgr, 1.584), 


Tahla 8. Composition and Density of Heavy Sola-* 
tions for Float-and-sink Testing (13) 



or bromofoBtn (2.904), diluted with - , 

bensol or tduc^. Latter group, though more expensive, Ipis advantages of wettingdrFOoal 
fiesiy, and evaporating .from! the smnples at end of test, withoat wa s l u ng. Solutions ^ 
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tbe Uetallio salts, espedally at hii^er deiuitieB, are viscous (hence, not tecmnnmuied lor 
samples finer than */$ in), and must be thoroughly trashed from the products to avpid 
mrora in weighing and analyns. WiUr precautions as to washing, the chlcMride solutions 
may be used on samples dqwn to 48>meah. For routine and large-scale testing, ZnGli 
solutions are widely used (Table 8) (13). With commercial grades of ZnCtj or CaCls, 
allowance must be made for their HjO contents; sp gf of solution is tested by hydrometer. 
For testing at densities above 1.70, methyl iodide (2.278) and bromoform (2.904), diluted 
with bensol. are available. For details of float-and-aink procedure, see Bib (5, 7, 14, 16), 
also 2nd edn of this book, p 2009. 


Fleat-aad-aink apparatus. Small-srnle testa, with lumps to 1 -in sise, can be made with a 
spoon, and a beaker about 8/4 full of solution at desired density. Coal sample is stirred in, a little 
at a time; floating material is spooned out, replaced by more sample, and operation repesbted, 
allowing sink to accumulate. Before last removal of Boat, the sink is stirred to liberate entan^ed 



Umphite packing 
Cross Sec of Groove 
Detail C 


9^ xlnc-ruuU’U Iron 

Longit'Sec of End 
Detail A 

Fig 6. Details of Float-and-sink Testing Apparatus for Coarse Coa' (S, 14) 


LonsU Sec of End 
Detail B 


light particlea. For larger-scale testing, specially designed (but simple) equipme.'\t is desirable. 
Fig 6 shows a device used by McMillan and Bird in 1924 (5, 14). It has a fleiible screen, inserted 
from sbove and outside the tank, to close the bottom of the float pan before lifting it off the sink 
pan and out of the tank. 


9. PLANT DESIGN 

Capacity of plant (1) influences design chiefly as to provision for re-treatment. In a 
^ven plant, it may not be economical to install re-treatment units; while such omission 
inevitably reduces effic, cost of re-treatment often exceeds the gain therefrom. In large 
plants. of cleaning is most in^rtant; inefficiency is inexcusable, except when the 
percentage of refuse is very low. Experience in ore concentration has shown how rat^y 
a finwHaH product and a clean refuse can be made in a single unit. Re-treatment 
la neoeseary for producing clean coal of uniform quality end a refuse reasonalfly free* 
from recoverable coal; it also serves to adjust variations in quality of feed, in operat¬ 
ing the primary units, and maintaining uniformity in both cleaned coal and refitse. 
Delivwy of raw coal to the cleaning plant is a variable item in the layout, and methoda 
shotr wide differences. Some cases require nothing more than a conveyer or elevator from 
tipijde to idant. If raw coal is first stored in bins, with provision for mixing to auuntain 
unilbnin feed, this may become a large first-cost item. . ^ . - . 

equipment varies widely with size of raw cod and number of sizes of produot; ’ 
differemse whether the treated coal is slack, loaded un«^, as for ool^ 
ibay Also be used for dewatermg (see sludge recovery. Art 14). Table. 0 
.givepi data dp em'eens (see also Table 4). 



TiJd* 9 . CapccMm of Varunii Screens, Tons per Hr pet Sq.Ft of Perforsted Ares 
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lAsd^ end aoilxlnf 
depends upon mixing 
facilities and wjbether 
sised ood is handled on 
booms. Number of sisee 
loaded at one time de* 
termines the number of 
tracks, also poesiUe ne> 
cessity for storage bins 
for certain fine sizes. 
Desired mizmg and 
blending'determine the 
bin and conveyer sys¬ 
tem. 

Refuse may be con¬ 
veyed to a bin outside of the 
waaher and loaded into RR 
can; or by larry cam, aerial 
tram, or truek to the dump. 

If distance is not too great, 
and water abundant, ref¬ 
use may be flumed to 
dump; when previously 
stored in bins, it should 
be partially de-watend in 
elevators or drainage con¬ 
veyers, or, for sludge, on ' 
filters. In one installation, 
refuse over t/s in was 
crushed to minus 8/g in. by 
swing-hammer or ring- 
crusher, mixed with water, 
and pumped to dump (20). 
Dumps should be so situ¬ 
ated that fumes from fires 
in them will not cause a 
public nuisance. 

Costx. Analyris of 

OPBBATINO COSTS should 

be correlated to indicate 
sources of inefficiency. 
Table 10 compares costs 
at 4 types of plant; A 
is a wet plant preparing 
steam coal; B, for metal¬ 
lurgical coal; C, a dry 
plant for steam coal; D, 
a combination wet and 
dry plant for metalluEgi- 
cal coal. The propor¬ 
tionate expense for 
cleaning coal is shown 
to be approx the same, 
regardless of type (d 
equipment. Relative 
costa of screening and 
picking, and of Imiding 
and mixing, vary with 
■iie of coal, numbers of 
pickers, and amount jot 
sising, Uending and mix¬ 
ing. Table 11 itemlxae 
OONSTBuonoK ooere for 
a complete weHpvoeeas 
preparaiioa' |dant, eat 
Gulated as paroaiftaga of 
totel eoet. 
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TtUt to. Opwmtiiig Cost (Labor end SapidlM Onljr) at Four Typical •Ctaaaiac naaia 



A 

B 

C 

D 

Aver 


% 

% 

% 

% 

% 

Cleaning exclusivsly: 






Cleaning eoal. 

17.5 

12.3 

18.0 

9.5 

14.4 

Water and drying systems. 

2.4 

8.5 

0.4 

i 10.5 

5.4 

Total. 

19.9 

20.8 

18.4 

; 20.0 

19.8 

Othtf idant operations: 






riiimplng. 

to 7 



5.1 

4 0 

Screening and picking. 


8.8 

23.2 

12.3 

12.9 

Raw coal storage. 


7.5 

1.4 

2.0 

2.8 

Loading and mixing. 

8.1 

16.9 

15.2 

17.t 

14.3 

Cleaning RR cars and tracks. 



1.8 

2.1 

t.l 

Clcaning*up plant. 

BSI 


8 7 

4.0 

4.9 

RcVNstft to structure. 

WBm 

■Bl 

0 3 

I 5 

1.5 

Total. 

32.9 

38.5 


44.1 

41.5 

Incidentals: 






Sampling and testing.. 


6.2 

Bn 

4.4 

5.7 

Waste disposal. 


8.0 


10.6 


General repairs. 

■eh 

10.0 

8 .t 

8.2 

9.0 


1.6 

2 9 


3.0 ! 

1.9 

Overhmd and misoel. 

17.5 

13.6 

10.2 

9.7 1 

12.6 

Total. 

47.2 

40.7 

31 0 

35.9 

38.7 


100 0 

too 0 

100 0 

too 0 

100.0 


Drsring is not included in above figure*, but averages 10-12% of total coet. 


Table 11. ConBtructio& Coats at a Complete Wet-process Preparatioa Plant 



% 


% 


21.0 

Handling raw coiU. 

6.3 


5.2 

Loading clean coal. 

- 8.3 


12.5 

Handling refuse... 

3.8 


7.3 

Structure.. 

25.0 

Water*eeitling units... 

6.5 

Laboratory, sfaupe, etc. 

4.1 

TAtftl cl^-ATiing. 

52.5 

Total other plant. 

47.5 




100 0 


10. WET-CLEANING UNITS: JIGS AND LAUNDERS 

In American practice, the following cleaning units are widely employed. 

Baum jig. Fig 7 shows a longit and transverse sec of a 2-cell, 5-compt jig. Ck>m- 
pressed air is the pulsating medium, thereby avoiding back suction. The jig is divided 
longit into 2 parts, and transversely into smaller compts, generally 3-6, according to the 
eoal treated. The shell and dividers are of steel plates, welded or bolted to prevent weav¬ 
ing or “-breathing." 

The screens, 6-8 ft wide and supported on a steel frame, are on one aide of the longit wail. The 
air valve is adjustable to give any dndred upward veloo during any portion of the pulsation period; 
setAling period is similarly imder control. Water supply is adjustable after valves Wl, W2, etc. 
are set. Pulsation air is admitted at valves Cl to C6, set for such quantity of air as will maint^ 
mobiUty in the bed and permit rook to separate from coal by gravity. Rook settling on the screen 
ihoves out through adjustable gate 0.and rotary valve H to elevator. Fine refuse passing through' 
screens reaches devators via screw conveyers L and S. Withdra^l of refuse is continuous, 
as fast as it aoeumulates on the screen; rate is oontrdled automatically by a float F actuating 
an ejector drive mechanism; so long as the depth of refuse remains fixed, the ejector speed is eon* 
stant, Valves H and P are controlled automatically by patented devices, both electrical and 
IDMhftllifMUs 

TaUe 12 givaa data on a test of a Baum jig, operating as follows (17): rated eap^ 80 torn 
iSed par hr; aetual feed, 100 tons; sise of feed, minus 8-in round hole. First cell, 4.6 It long, 6 5 ft 
erMe; second eeil, 10 ft long, 6.6 ft wide. Depth at overflow. 16 in. Water ciroulated, 1700 ml 
per ntin. or 4A (one water per ton feed. Pulsations, 56 per min; amiditude of pulsations in washing 
oompt, is in. Power, 0A6 hp per ton x>er hr. 

Iwmdi* is a fine-ooal washer, developed by the Batthlle Monoridl Inatifttta 
(1(^, aad angbpdyiag fsatores of the old trough wmber. It is a eini^e trough, with refuaa 
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Table It. Separatton Teat ate Baam Jig 07) 

Speoifio Gravity AnalyBee of Various Sises of Fkoducta 


SiM 

■ 

% Sise 

Float @ 1.40 

1.40-1.60 


Sink @ l;60 

Ash. 

avsr 

%wt 

Aah% 

%wt 

Ash% 

%Wt 

Aah % 

%Wt' 

Aah% 

»-1.5ia 

Feed 

15.6 

70.6 

11.1 

10.5 

27.0 

90.1 

13.0 

■n 

67 

.0 

18.3 


Coal 

10.4 

93.1 

II.5 

6.5 

24.4 

99.6 

12.4 


m 

m 

17.6 


Befuse 

22.3 

7.5 

15.3 

26.5 

29.2 

EQ 

26.1 


■ 

1 

52.5 

1.5-0.75 in 

Feed 

30.3 

86 7 

10.1 

in 

27.7 

92.7 

11.2 


72 

6 

15,6 


Coal 

30.4 

95.2 

10.1 

Ml 

26.4 

99.5 

10.6 




II.1 


Refuse 

22 8 

8.2 

14 5 


30.3 

27.2 

25.5 

72.8 

.... 


57.2 

0.75-4/8 in 

Feed 

23.5 

87.4 

9.0 


27.6 

bh 

10.2 

19 



13.9 


Coal 

24.1 

93.5 

9.1 

Ml 

27.3 

BSl 

10 . 1 




10.4 


Refuse 

16.6 

8.6 

13.0 

m 

32.5 


25.2 

77.0 



59.9 

Vr-Viein 

Feed 

wm 

86.0 

8.2 

6.0 

27.5 

92.9 

9.4 

7.1 



bh 


Coal 

WSB 

93.3 

8 2 

5 6 

27.7 

98.9 

9.3 

l.l 





Refuse 

Im 

8.1 

11.7 

10.8 

31.8 

18.9 

23.2 

81.1 



ESI 

Vie in-<20 mesh 

Feed 

11.7 


7.2 

6.9 

25 7 

90.0 

8.6 

10.0 



14.9 


Coal 

14.6 

ft. 'ft ft 

7.1 

5.7 

26.1 

98 S 

8 2 

1.5 



8.8 


Refuse 

16.4 

11.7 

10.3 

12.2 

30.2 

23.9 

20.4 

76.1 



60.6 

Through 20 mesh 

Feed 

5.0 

71.9 

6.2 

11.3 

wm 

83.2 

8.9 

16 8 


. . 

18.7. 


Coal 

4.0 

83.7 

6.2 

8.3 

Efl 

92 0 

7.8 

8.0 



12.1 


Refuse 

5.3 

15.4 

8.1 

8.5 

22.8 

23.9 

13.3 

76.1 



59.2 

All rises, 3 in-0 


ma 

Bn 

9 2 

7 2 

27.1 

91.8 


8.2 



15.4 



■Su 

Im 

9.1 

5.5 

26.4 

K£E1 

10.1 

ftu 



10.5 



Hd 

Im 

12.6 

16 9 


-26 0 


KiftM 



58.3 


draw pockets so closely spaced that they constitute essentially a draw along the entire 
bottom; space between pockets is only sufficient to house the drawing mechanism. 

The poskats have wedge-shaped channels through which the refuse passes. The approach to 
the pocket is formed by perforated plates, the bottom plate being set at an angle of 20°^0”, depend* 



Longit See Transverse Seo 


Fig 7, Baum Ag 

J^^ttpon thh m|ttetials being separated. The eompts below the screens bays prater |l|pss.^idtll ‘ 
add gages to regulate the water supplied to'ibe va^ous seotions ol the bbd..' A pladt tti ttebt 
tone per hr of materiel under SAt in oeoupim a space 6 fqr 84 ft by 4 ft%iid>i ^lamiiiltr bebir 
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14in Wiile by 30 ft Ions. Befuae iBiefaargss into n.sealed dtamber, firain vhieh It is reBMnwd bgr 
W(*ir eoDTeyer or bucket ilevatar. 

Hydro-separator (^ig 8) aepanteo coal from heavy impurities hy a rimng current of 
water. Raw, coal enters hopper A and passes into the separating compt C; here a rising 
ourrent carries the coal over weir D, onto deed plate E and de-watering screen F, and 
^ett<» into the second cell Q, where the action is repeated. Clean coal and water ’pass 
ovOT weir H into launder J and to a set of de-watering screens. Heavy material; in 
oompt C settle in a loose mass on perforated plate K, and pass through gate Af and spout L 
into conveyer N, which raises them above water level and discharges them as de-watered 
refuM. Heavy material settling in cell G moves similarly into bucket elevator P, which 
returns this product, if so desired, mixed with raw coal to be recirculated. Middlings may 
also be diverted to refuse, or saved as a saleable product. Water from the de-watering 



Fig 8. Hydro^eparator 


iwreens and screen F collects in a settling tank, from which the slurry is conveyed and 
the darified water returned to the separator. 

♦ 41 , 

This uwaber is small, oompaot, easy to operate and oontrol, and its iiiltial and maintsawieo 
OMts are It has a oapao of 2-2.£ tons per in of width, and is in widths of 30-48 in, in sini^ 
atnd double-esU types. Fe^ is usuaUy t/8*in to max 5-in round hole. For effie operation, the else 
tatto in feed shoniild not exceed 4-1. Water consumption, 0 tons per ton of feed. 

Mewxlee coal aepantor. Operation is based on a variable veioc of water rising throagh 
a atrarified, molnle maaa of materials witiiin a conical-shaped separator, in which the feed 
pasaes dewnwMd. Cleaned coal pasaea over the separator into a latmder, then to ■« 
de^watsurheg dihker sereen.. Material of intermediate q> gr etratifiea bdow the eoal in a 
loose msaa, gradually ineteaaing in density; the heavy rook^deeeoids thnnigh it into f 
eonveyer. Quality ol feed and desired product govern capso, which for aver con d it io n s 
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la about 2 tons of feed per hr pw aq ft of top wea ol aeparator. Peed liaea, L25-4 ia; 
advleabte. die ratio of feed, 2-L. Watw droulation, 11 toni per ton of cod. Power. 
0.8-1 bp per ton of feed per hr (Table 13). 


Table 13. Data on Standard Sizoa of Monzlea Soparator ' 


Dfam 

cooerft 

1 

* Sqft 
surface 

Feed, tons 
per hr 

Hp to 
drive 

Hp for 
refuse 
conv^ere 

Hp for 
pump 

Total 

Npptt 
turn j 

PuBq>,i 

sal per 
min . 

6 

28 

60 Pea 

10 

3 

mmm 



3 200 

• 


Stove, 1 

Egg j 


3 

■1 



4 300, 

5 

50 

100 Pm 





HHH 




Egg, 1 


5 

40 

60 


4 500 



Stove, > 









Nut 1 




1 



. 10 

78 

160 Pea 






i 



Egg, ] 


S 

75 

100 

0.91 




Stove, } 









Nut 11 







12 

113 

225 1 

JULUliH 

5 

125 

170 

1.06 

12 000 


KbeolaTour method (21) utilizes the claadfying action of a horis current of water in a 
launder of a length, shape, and slope to afford the desired stratification (for design and 
operation, see Sec 34, Art 6, 11). Capac depends on width of launder, and size and char¬ 
acter of raw coal; widths are standardized, for combining to treat any desired tonnages; 
launders of ooarse-coal plants are 20-56 in wide; capac, 150 to over 400 tons per hr in a 
main launder. Fine-coal plants have capac of 15-150 tons per hr in a single or multiple 
unit; individual launders of 14-, 10-, and 8-in widths are assembled to provide for this 
range. Table 14 gives data on water requirements of 3 plants. This washer has low 
initial cost per ton-hr, low power requirements, is of simple construction, has large capac, 
and can be varied in design to suit the type of coal. 


Table 14. Water Requirements of Rheolaveur Washers (21) 



Three-boz plant 

Four-box plant 

Five-bos i>lBnt 

Primary 

Rswaab 

Primary 

Rewuh 

Primary | Rewaeh 

Water, gal per min. 

Feed, tons per hr. 

Gal, per ton. 

ffiie of cod, in. 

Hefuss/in feed, %. 

1 600 (a) 
225 

460 

»/»-3«/8 

3-8 

500 

55 

550 

»/8-3V8 

17-20 

3 600 
650 
330 

0-41/2 

6-10 

1 300 
120 
650 
0-41/2 
40-50 

2 500 (b) 1 000 

450 110 

600 550 

0-4 l/j 0-2 

6-10 40-50 

Tons total water per ton feed. 

1 1.92 1 

1 1-90 j 

1.95 


[a) Indudee the 500 gal per min overflowing the rewssh. (b) Includes 1 600 gal per min added* 
otiy at head of primary Jaunders, and 600 w per min overflowing the primary rewash lautader. 


Bdkaap chloride washer uses a CaCIt solution, to which a slight rising veloc is imparted by 
impeUers. Vse of the heavier liquid increases the difference in falling veloc between coal and 
impuritiee. The elow current, rising through a slot, permita refuse to fall, while the coal moves op 
to ite e^veyer. Incoming water and chloride solution are proportioned by float-controlled vatvse 
to maintain a constant density in the tank. The washer is -adapted to standard sises of >/s-d Inf 
preferred dae ratio is 2-1, although a range of 4r-l hsa been treated. Capac, 1 ton per hr par in 
ii width, for eod of 1.6-3 in; 25% less for 3-6 in. The washer is made in 30-, 36-, 42-, 48-, and up 

to 150-in widths. Powis, 0.1 kw per ton-hr. Watbb, 5 gal per ton of coal. t 

♦ 

Sosd'fiotPtloii, Chsnco process (for design and operation, see See 34, Art 11). 

•rly operated, this separator dosdy approaches results of the float-and-«nk test. As 
gt fa the only physical property utiliz^, particles of .any sise larger than the sand can 
batireated. Bp for plant of 2 10-ft cones with combined capac of ^)0 tohs pet hr, sized 
{KtAA-and */s to 1 in, fa: agitators, refuse coAveyer, and de-sanding screen, 75; d es ppd i iig 
(or dean coal, 30; two CMln sand pumps, 50; lO-in circulating water pump,' 60; 
^vefuMSpamp, 20; makemp sand and water, 15; total, 240 hp, equirafant to OA hp per toa 
1u rffl^. Wanm ciBOni.ATBD, 4-6 tons pm.ton of ooid dffii endtbg on, s^ aipd 
qjwiiW d feed, Saxp poos varies Vith sfaa and qualiW bf coal; aver, Sh3 tk JPW Um 
' -*WMhed eo«L . *. 
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Wucnacli •nntial D^aslti'’' pioc«M utOisw • heaicy taedhim composed of water 
Imd the slimee (fine coal and its impurities) settled out of the circulatiDg wash water. 
MiddlinsB accumulate in a coniosl separating chamber and form a column, of which the 
density increases from top to bottom. 

‘ This “diSriential density'* feature allows the finer refuse to settle rapidly through the lees dense 
tnedium at top, while the denser medium at bottom prevents loss of good eoal. The (Kdunm is a 
sealed ehamber, from which the refuse passes by gravity to an elevator discharging above the Bquid 
level.. The refuse column is kept filled with heavy tnedium to a level slightly above that in the 
cone. Most of the medium is drained from the cleaned coal on dewatering screens and returned to 
the separator; the remainder, washed out by sprays, is settled to a heavy density in tUcImnws, and 
then re^troduced through the refuse column at bottom of the separator. 



Vissac pulsator.jig (Fig 9) operates on same principle as the Richards ore jig; it ia 
used on eised products (22). Refuse is removed through a gate and star valve at dis* 
charge end of the jig screen. In the nut-sise jig, rotation of the valve is controlled by a 
float resting on the refuse bed; in the egg-sise jig, by a mechanism actuated by variations 
in resistance offered by the bed to the upward flow of water. 


Table 16. Specifle Gravity Analyses of Products from Test of l^asac Jigs (18) 


Sise, in 


% Sise 

Float @ 1.40 

1.40 

- 1.60 

Float @ 1.60 

Sink 
d 1.60 

Aver 

Ash 

%Wt 

Ash 

%Wt 

Ash 

%wt 

Ash 

%Wt 

J-2 

Feed 

26.0 

70.4 

in 

13.6 

28.2 

m 

13.7 

16.0 

22.8 


Coal 

24.3 

95.6 


4.3 

24.1 


II.1 

0.1 

11 .t 

t 

Refuse 

35.6 

16.6 

In 

36.4 

27.9 

Bl 

24.6 

47.0 

45.1 

2-1.25 

Feed 


76.1 

10.3 


28.1 

87.0 

12.6 


20.2 


Coal 


90.1 

10.3 

■n 

25.9 

98.8 

11.7 

Kii 

12.2 


Refuse 


9.2 

15.0 

iB 

30.7 

33.5 

26.4 


57,0 

3-1.25 

Feed 

100.0 

74.6 

10.4 

M.6 

■n 

86.2 

12.8 

13.8 

20.9 


Coal 

100.0 

91.5 


7.6 

KSI 

99.1 

11.5 

0.9 

11.9 


Refuse 

100.0 

11.8 

16.2 

28.6 

md 

40.4 

25.6 

59.6 

52.8 

1.25-0.5 

Feed 

bh 

81.8 


■n 

28.9 

m 

11.8 

9.0 

16.9 


Coal 


KiU 

m 

mSM 

28.3 

BSI 

11.6 

1.0 

12.0 


Refuse 

Bd 

1.1 

la 

10.1 

33.1 

iB 

51.4 

88.8 

67.8 

0.5-0.25 

Feed 

43.3 

83.8 

9.1 

ma 

28.2 

90.7 

10.5 

■n 

15.1 


Cbsl 

40.2 

89.1 

9.0 

mU 

28.4 

96.2 

10.4 

WSM 

12.3 


Refuse 

32.1 

2.8 

10.7 

mm 

32.1 

■ui 

22.0 

94.1 

74.3 

1.25-0.25 

Feed 

100.0 

82.7 

9.5 

8.2 

28.6 

gygll 



16.4 


Cold 

100.0 

89.7 

9.5 

mSM 

28.3 




12.1 


Refuse 

100.0 

1.6 

12.9 

■9 

33.0 

KKM 



69.9 


TiMe is givesiresplts of a test on Vissac jigs treatins egg coal (3-in round to 1.36dn sd hol^. 
nnd nwheosl (1.2fi-9.254s sa hdis). Additional data (18): air ehamber, 3 by 4.5it; washiag eompC, 
84.ft l^ by 4.5 ft wide; hood of water, 18 ft; feed, 80.tonsiwrhr;power.aihpp|r tm fsadparhrl 
wateisjl 880 gal per ndm or 7.7 tons per toi eool; pideationa, 40 par min, at 446da etrete far eK> 
aad'l^ for nut OBol; Jig jMo, 86 ia deep for egg, 24A ia for niit jig. 
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XftVPMW Utwdlyn, wailMr baaa sini^ box OA ft lo&g; or 3 boxwibb tan^, wnt^prii* * 
iag X ■ittdge xeeovery unit, and primary and aaoondary wa^i« MidfUiMf * oait ipa 

r»>«iRiulated[, with or without cruihing. Tha plunger, Unged at one end. prodi^e x 
max activity at the feed end ol the box, ipwdually diminishing towards . diiy.hitrg% ga^. 
tion is diminated by a valve ih the plunger, which pumps water under the jig boM f^om 
, the overflow launder of the settling tank, thus making a circulating pump unneoessaiy. 
The refuse discharge is automatic. Cell width, 4 ft; sixes cleaned, 0.&-6 in; p^er^' 
ratio of rise, 1-2; capac, 60-70 tons per hr; stroke, 4-6 in; speed, 40-30 rpm; power^ 10 hp ' 
for double, 6 hp for single cell. 

Ptins multi-flow washer, a combined jig and launder, is small and compact. A Kg 
wjth a rated capac of 135 tone raw coal per hr has a trough 18 in wide, and jig box 23 in 
wide. The feed moves down a central launder, whwe it is partially stratified, the heavier 
xnaterial dropping through openings into the jigging compt. 

, The jig basket is adjustable in length and speed of stroke; its bottom curves upwards from feed, 
to discharge end. Water entering at different points keeps the bed duid, floating the lighter par¬ 
ticles to discharge end. Befuse drops through an opening in the basket into a well, from which it 
ie conveyed for djspoeal. Capac, 75 tons per hr per ft of width. Be-oiroulation water, 10-20 gal 
per min per ton of coal per hr, or 2.5-5.0 tons water per ton coal treated. Power, VS“V2 hp per ton 
coal per hr. 

11. COAL-WASHING TABLES 

Among various types of tables, the main differences are in shape or contour of the deck 
and in the head motion. Decks are covered with linoleum or rubber, smooth or corru¬ 
gated, witii hard-wood or rubber riffles. 



Llaolcum 


.Flow of pulp ‘ii'Wha'-gc alilo 




Wood flooring 

— tm. Flow of pulp 





Unoleum-' 


Unoteum- 


Wood flooring 


-—Flow of 
Wood flooring 


Ppol riffle _ 

Cross-Section of 
Main Riffles 
\Flaln displacement 
riffles 

Corrugated 
displacement 
riffles 


Plain cleat 
riffles 


Fig 10. Plat-0 Coal-washing Table 


Plat-O table (Fig 10) is like that for ore, except for 55% greater deck area and 
habvier bead motion. It deans unsized coal, and finer, as fed from a box attached 
to the taUe deck. The feed box itself acts as a small deck, concentrating and imm^iately 
disobarging the coarsest and heaviest refuse, leaving the finer and lighter impuriUes to be 
lemoved on the main deck. Capac, 6-10 tons per hr. Water, 350 gal (1.5 ton) per ton 
of raw coal, plus a little final wash water. Running load, 0.75-1 hp; a 3-hp motor with 
startiiig tm^ue is usual. Speed, 255-300 rpm; stroke, s/g-l in;.usual feed con¬ 
tains 45-50,% BOl^S. 

Cfeok surfsoe oi this table lies in 2 or more parallel horia planes. In the 2-pIane type, uriversid 
for rilttttninous oori, the lower plane forms the larger part of the deck, and is the “etratifioatioa and. - 
priPfriF eonoentratittg” sone. The plateau <»' dressing sons extends back from the di^arge, and 
KxpS'the priiaary concentration sone along a diagonal line. Its height above the lower riane is 
.awmt X/i in. ' Between the plateau and the lower deek is a narrow, fflagdnaU upward^bping 
‘‘rstiatanea plane.!* The main riffles end approx sdcmg the upper edge of tfils dope, their SfidI orin#.. 
tapilied on the i^kdereida, leaviim the upper edges horis. Table Id rives datafor oosl 8iaed<1i«itweea- 
Htg Jh .and d^mesh, at 6.2 tons per far. Bpeedi 275 U/iigijA itrokps per min; traiuivenid.il5^ 
0.36 la par ft; limgiit slope (upward te'disobarge in fe^ 13 ft: riw to uppw ri*teao« wdfa. 
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. Itfutoo tMa haa a linpleum-ooverad, riffled deck, YaUa It. Coal Waaldsf o« 
adjAMtaUi aa to traoaveiw elope. Head ipotion ia Plat-O Table 

diffemitial, to aooelerate travel of the materiai with 
mimmuin agitatiou. The deck reciprocates endwise 
and- horisontaliy, riffles being adjured to discharge 
ttrougfaout its length. Capac, 4-7 tons per hr on coal 
j y ae e in g OJlS-in round hole. Speed, about 220 rpm, 

Tegoirfaig 1 hp. 

OTerstrom Universal table. Driving mechanism 
oonsists of an unbalanced looee pulley, on a shaft 
rigidly attached to the table frame; momentum of this revolving weight reciprocates 
the deck, which is supported by flexible hickory legs. A differential motion is produced 
and adjusted by a cushioned stop at forward end of stroke and coil springs on othw end. 
Neither cams nor toggles are employed. The supporting legs slope slightly back towards 
the head motion, causing the table to rise in a circular arc on its forward stroke. Length 
stroke varies automatically with the load. Speed, 240-280 strokes per min- Riffles 
ourve upwards to the high side of table. ^ 

Ddster-Overstiom diagonal-deck table. All riffles are parallel to direction of motion 
and at an angle to the discharge. This gives the advantage of deflected riffles without 
the whipping action, and aUows the stratified refuse a free path towards the refuse edge. 
These tables may also have double decks, driven by same head motion, but separately 
asjustable as to slope and length of stroke. Speed, 250-300 strokes per min; stroke, 
*/8 in. Power imder load, 1.5 hp. Size of feed, 2-in max. Capac, 4-8 tons per hr, 
varying with size and character of coaL 

-17'a: 



wt,% 

Sink at 
1.60, % 

Feed. 

100.0 

8.8 

Clean coal.. 

88.9 

. 1.1 

Middlings.. 

5.8 

20.5 

Refute. 

5.3 

91.0 



strati tying 
rlOe 


Middlings 

•—pan 

feed end 


Middlings 

cbnte 


efnse discharge 
AdJastaUe middling plate 


yiakc refuse 
slots 


Oleanlng riffles 


Plan 


Feed 



Ilg 11. Amaitean Pneumatio Separator 

12. DEY CLEANIWG 

Afltdfcag gMWgatic separttet 11) utUiaes its entire surfaoe for eleanfog. It 
o(dinak% digtAwcges 2 foud produoitai, dean ooal and refuse; m i dd li n gs may be made, to bi 
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rvBfareulAted, re<3tr«&t«^ tapkitkttjiy or with refuae on other unite, or diechariM M a eMtond* 
gr^e fuel. For re^irouietibh, middlings return to the feed on the deck via the"'asti> 
gravity ^ute A» or are conveyed back to the initial feed. 

Diatribotion of air under different eeotione of the deck ie adjueted by externel controls: rapidity 
of stroke by vuiable-speed drive; longit slope of deck, by jack screws with look wheels. Transverse 
dope vt deck is fixed by construction. Proportions of the several producte are varied by slidittg 
cutter plates. The R>72-144 table requires 11000 cu ft of air per min, at 2-in water (sge, when 
treating minus Vt-in feed, to 44 000 cu ft per min at 4-in gage for minus 34n. Motor on hlbwer fan 
ranges from 15 to 60 hp for minus 3-in fe^; motor on separator, 5 hp. 

Stamp air-flow separator. The cleaning unit (Fig 12) is an air-tight metal box A, 
covered by a pervious deck on which rests a layer B of clay marbles of sises depending 
on sise of coed treated. This distributes air without requiring shutters and air ducts. 
Since the unit is stationary, it can be enclosed with dust-tight hoods. The layer of mar¬ 
bles is covered with a bronse or stainless-steel perforated deck, in which sise of holes and 
percent of open area depends on sise of coal treated. The unit is well adapted to coal of 
niinus */8'in. Its initial and maintenance costs are low, and it occupies small space. 
Capac, ().^1 ton per hr per in of width, depending on sise and quality of feed. Widths, 
30-72 in. Air required, 250-500 cu ft per min per sq ft of deck area, at press of 2^-5 in 
water gage under the deck, depending on size of coal. 



A, air chamber: B, bed of marbles; C, rotating valve, producing pulaations of air; B, adiust- 
a^ plates govwnl^ proporti<ma of refuse and^ imddlinga; F, refuse delivery obu^te; Q, nudmings 


Table 17 gives results at a Stump plant treating minus ^/is-in coal at rate of 0.70 ton 
perjhr per inch width of primary units. 

. flir-sand process utilises a body of dry sand maintained in a mobile condition by an 
uprising stream of air, By regulation of air flow, the sand is maintained at such densitiT 
' that coal 1^1 float near surface, while refuse sinks through the sand. 


;Hie separator conaiets of 2 boxes in eeriee, built into a trough-Uke unit, with dame and adjustable 
»r«faie ppitee to form 2 sand pools. The floor is a pervious deck.. The ^aw-off box under .each 
.^SSetion seoet^es air, through regulating gates, from a manifold <« ead: side. Ibe mlwhine Is 
’^bwiioed lengthwise.at 5**; a continuous flow of sand passes over each bompt, betiig fed to the tmpsr 
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OM at a regulated rate from a storage liu>pper. Washed silica ^nd, 2&>100-iiieah, ia best; i;t is 
eirealated at rate of 2.5 toiM per ton of coal; make-up sand to reptaee loeaes, 1-2 tb par ton difooal. 

Table 17. Separation Test of Size Increments, Stomp Air-flow Plant 


Product 

Size increment 

Size, % of 
product 

Specific gravity of separation and 
weights of size increments, % 

Float @ 
1.50 

Sink 1.50 
Float 1.60 

Sink • 
1.60 

Raw cool, 100%. 

14 meRh-5/ig in. 

Mm 

95 4 

0.5 

4.1 


48 mesh-14 roesh 


i 95 7 

0.3 

4.0 


48 meBh- 6 /i 8 in 


95.5 

0.4 

4.1 


0-48 tnesk 

■n 



.... 

Clean coal (a), 97.6% of feed,. 

14 me*h-5/i(i in 

63.0 

98 2 

■oai 

1.4 


48 mesh-14 mesh 

22.5 

95.5 


4.0. 


48 niesh-F/ie in 

85 5 

97,5 


2.1 


0-48 mesh 

14 5 

.... 

HhHI 

.... 

Refuse, 2.4% of feed. 

1 4 mesh-Vie 

■n 

■ni 

1.3 

84.4 


48 mesh-14 mesh 


MSM 

1.1 

90.0 


48 mesh-5/iQ in 


Km 

1.3 

84.5 


0-48 nipsh 

1 1 0 1 

— 




(a) Includes primary clean coal, secondary clean coal, and dust collector products 


Air is supplied by a positive displacement blower at 20-30 cu ft per min per sq ft of pervious 
plate; pressure, 12-14 in water gage. C'apac, 1.7 ton coal per hr per in of width. Sises treated: 
min, 0.25 in; max, 4 in; limiting size ratio in feed, 3 to 1. Power for a O-ft unit treating 120 tona 
per hr (excluding duat collection) is 0.25 hp per ton-hr, distributed as follows: separator and 
refuse de-sanding screens and shaking chute, 5; de-sanding screens for clean coal, 7.5; aand lift, 10; 
blower, 7.6: total, 30 hp. 


13. DEWATERING AND DRYING 

Dewatering washed cosl, and reducing its free moisture to acceptable limits, are 
difficult problems. Fine coal may be tiuined from a washing unit over an inclined nxao 
SCBKEN, which removes most of the water and passes the coal onward to other and more 
efhe dewatering devices. Slope and area of this screen are adjusted so that the minimum 
amount of water is required to carry the coal forward'without choking or spilling. “Wbixw* 
wire” screen, often used for dewatering on both stationary and shaking screens, consists 
of parallel wires of wedge-shaped cross-sec, supported with their wide faces uppermost on 
cross-bars spaced according to size of wire. The long slots thus formed have little ten¬ 
dency to blind; the openings are 2 to ’ Inram, eorresponding to 8- and 200-me8h (Tyler std). 

Flight conveyers for drainage differ from those for dry materials (Sec 27) only in 
having perforated bottoms, often of wedge-wire screen. Table 18 gives data on 5 dnsg- 
flight installations, all receiving cleaned, wet coal from shaking dewatering screens. 


Table 18. Data on Drainage Flight-conveyers 


Co^ 
oise, in, 
rd-hole 

Tons 
per hr 

Size 

flight, in 

1 

I.ength 
dewater¬ 
ing sec¬ 
tion, ft 

Speed, 
ft per min 

Wedge-wire 

FreeHjO 
as loaded, 

% 

No 

pen 

Width 

and 

length, in 

j 

Sise 

opening 

Total 
area, 
sq ft 

3/8-4 


7 by 45 

■B 

47 

10 

48 by 36 

0 .5 mm 

120 

3.0 

2-4 


2 i /2 by 32 


100 

5 

34 by 36 

3/ij in 

42 

2 .3-1.5 

1-2 


2 Vz by 32 


100 

6 

34 by 36 

3/18 in 

50. S 

3.1 

3/8-1 


6 by 32 

80 

90 

5 

34 by 36 

1/8 in 

42 

4.5 

3/8-1 

\ 60 1 

6 by 32 

150 

49 

9 

33 by 36 


74 

3.8 


Drainage band conveyef is inclined, with deep, troughed pans, each holding 1—2 tons, 
attached to a double-strand, long-pitch chain moving 1-2 ft per min. The bottom plates 
are perforated and slightly curved; when passing over the rollers, they squ^ese the eoal 
somewhat, and water drips into a sump. Conveyers are 60-80 ft long, holding about 
40 tqns in transit, and blowing 30-60 min for drainage. Discharged pnoduet, with 
minus OA-in coal, averages about 22% moisture. 
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ShtUng dewAtOTbig tercMUt for coarse clean coal often have wedge^vinp witii 1 l/s^pam 
slota, usually parallel to flow of the coal. Trays with steel or wood sides m hung or sup> 
port(^ on hickory strips, and reciprocated like dry shaking screens (Art 6); usual speed, 
300 rpm, with 1 to 1.6-in ihrow. ' In recent practice, wet coal of 0.25 or */« to l<4n sise 
may pass from the shaking screen to one or more horiz vibrating screens, set on 2" up-«Iope 
towards the discharge. TaUe 19 gives data on several installations; all of hanger-boaid 
Parrish type except the last, which is a horiz vibrating screen. 

Table 19. Data on Shaking Dewatering Screens 



Total screen 

Tone per hr 

Percent mmeture 

Coal sice, in 

Length 

Perf area, 

Actual open 

Over 

Per sq ft 

In screen 
prod, @ 
85“ C 

As loaded, 


a 

in 

a(] ft 

area, sq ft 

Bcreen 

perf area 

® lOS-'C 

2-4 

24 

■1 

121.1 

60.0 

HR!B 

1 40 


3.1 

1 V8-2 

30 


163.5 

73.4 


0.70 


3.7 

»/8-1 Vs 

64 

0 

351.0 

140.5 

■oi 

0.32 


4.5 

2r4 

8 

0 

40.3 

19.7 

3 

0.07 



1 V»-2 

15 


81.2 

37.1 

10 

0.12 


3.7 

»/8-« Vs 

32 

0 

175.5 

70.3 

30 

0.17 


4.5 

2-4 

n 

6 

51.0 

27.2 

33 

0.65 


3.9 

1 V8-2 

19 

10 

80.6 

34.9 

28 

0.35 


4.4 

«/8-l Vs 

■9 

10 

80.6 

32.2 

5 

0.06 

• • • •' 

... 

2-4 

40 

0 

134.4 

71.9 

80 

0.60 


3.1 

*/S-2 

48 

0 

205.3 

82.0 

162 

0.79 


... 

1 V8-2 

20 

0 


37.0 

70 

0.82 


3.4 

«/^l Vs 

16 

0 

m 

26.9 

88 

1.31 


4.9 

4/8-2 

20 

0 

66.9 

26.8 

49 

0.73 


. . 

11/2-2 

20 

0 

■m 

49.6 

8 

■191 



8/8-1 1/2 

16 

0 


26.9 

40 



• 4.9 

0-3/8 

i 

0 

0 



114(c) 

m 

22.0 

... 

»Vf-4 


0 

161.3(a) 

85.4(a) 

|ra| 

0.75 

2.2 


1-1 V2 

WM 

0 

205.7(0) 

102.6(a) 


0.19 

2.9 

_ 

3/8-1 

40 

0 

171.2 

68.5 


0.50 

5.5 

... 

11/2-2 

20 

0 

67.3 

34.3 


0.07 

2.5 


3/8-1 1/2 , 

20 

0 

67.3 

26.9 

49 

0.73 

4.5 

4.9 

0-8/8 

m 

0 

0 

1 ”) <« 


133 

0.77 

Bl 

... 

2-3 V4 

15 

10 

84.1 (aj 

46.4 (a1 

57 

0.68 

2.2 


1 V8-2 

19 

mm 

108.6(a) 

52.4(a) 

75 


3.2 

• • • 

3/4-2 

19 

Bl 

108.6(a) 

53.4(0'. 

111 

1.02 

3.9 


1/4-11/8 

22 

2 

138.3 

55 4 

93 

0.67 

7.2 


V4-3I/4 

22 

2 

138.3 

55.4 

57 

0.41 

8.2 

. .. 

V4-1 Ve, 

m 


■RIB 

25,5 

93 

1.24 

4.5 ■ 


I/ 4 - 8/4 

Kll 


BiSCH 

25.5 

57 

0.76 

5.1 

. .. 


(a) Includra the area of Ton-Cap screens; (b) Vs-mm wedge-wire screens; (e) includes 24 tons 
p» nr of coal dust effluent returned. 


Dewatering levators. Fig 13 shows the commonest method of dewatering fine coal, 
reedved in a sump of wood, st^, or concrete, and cone or pyramid shaped, with an over¬ 
flow around its periphery and a loading well suspended near its center. Perforated 
bwlkets aUbw partial drahiage, the water returning to sump through the tight bottmn of 
thiuiibvBtm easing; speed, 30-^ ft per min; buckets, 18-48 in wide. 

dryers extract moisture from minus 0.6-in coal more completely than 
':0fy otiier nteohanioal tyiw. Carpenter and Elmore dryers are used extensively ip U^S 
ooal of that sise. 
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Fig 13. Dewatering Elevator 


Carpenter dryer consieta principally of a screen basket, in form of a stepped, truncated 
cone, carried on a vert ^aft, with its smaller dinm at top, and rotated through spiral bevel 
gears by V-belt from a motor mounted on a base cast integrally with the housing. Wet 
coal, fed into a hopper, falls on a horiz disk attached to the rotor sliaft. Centrifugal force 
throws the coal upon the top row of screens attached to the basket; the opening between 
disk and serins is adjustable. The partly dried coal, on reaching the bottom of the 
first screens, passes over a lip and is redistributed on the second row, where extraction is 
continued. After passing 3 or 4 screens, the coal is gathered from the lip of the last into 
a hopper for final disposal. Table 20 compares 4 Carpenter dryers in one installation. 


Table 30. Operating Data on Carpenter Dryers 



AR-IA 

AR-IB 

AR-4 

AR-12 

PliM nf fjywl, tn... 

-Vs 

-Vs 

19.0 


-8A 

22.8 


23.3 


5.2 

9.1 


6.5 


35.7 

25.1 

29.6 

49.6 


2) 

21.0 

30 

68 


19.7 

20.0 

27.9 

52 


3.3 

1.0 

2.1 

to 


28 

20*. 0 

30.0 

79.4 

14.4 

*♦ ' nrivliiAt. 

4.4 

8.0 

8.8 


23.5 

4.60 

11.8 

4.1 

22.0 

65.0 

16.3 


*• “ •• d-Ttimmh in nmdiict. 

2.85 

3.4 

* 

8.1 


0.05 



O.f 


1.70 

0.7 


7.7 

47.8 

all 1/8 


38.1 

17.0 


-Oise kdlein screen ptstes. in.. . . 


allVw 

all 1/8 
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14. WATER CLARIFICATION AND SLUDGE RECOVERY 

In a wet washery, regardless of sise, eoal characteristics, or method of processing, oir- 
oulating water becomes polluted by sludge. Unless abundwt water is available, it must 
be recovered in usaUe condition, and, unless the riudge is wasted, its coal must be 
reeoverid. These results are obtained by: elevator boot, rectangular sludge tank, cone, 
thickener, settling pond, and vacuum filter. In the first 4 methods, the sludge is flumed 
into the unit, passing into a baffied feed well, deflecting the stream towards the bottom, 
where it settles; water collects in an overflow launder around the edge, and goes to a 
sump. Effic of the unit depends on the ratio between the top settling area and amount 
of solids in the mixture, the volume, and the screen analysis of the solids. Table 21 gives 
data on settling at boot of elevator in 5 installations. 


Table 21. Sludge Settling at Elevator Boots 


Unit 

Gal per min 

Percent solids 

% of 
f-48 
-roeeh 
in 

over¬ 

flow 

Volume of 
tank, cu ft 

Horii. 
area, 
sq ft at 
water 
level 

Length 
of weir, 
ft 

Elevator 
speed, ft 
per min 

Elevator 
aver cap, 
tons, 
solids 
per hr 

Feed (a) 

Over¬ 

flow 

Feed (a) 

Over¬ 

flow 

Level 

full 

Water 

level 

A 

1 800 

1 500 

18.5 

5.1 

2.0 

3 259 

2 955 

175 

40.50 

38.3 

85-90 

B 


1 750 

II.0 

6.3 

3.0 

3 610 

3 245 

198 

44.17 

29.0 

50 

C 


1 750 

II.0 

7.1 

3.0 

4 410 

3 800 

258 


45.3 

50 

B 

1 900 

1 650 

12.0 


1.5 

3 940 

3 520 

133 

34.67 

37.5 

45 

B 

220 

185 

18.5 


Trace 

3 325 

2 750 

141 

39.33 

28.8 

10 


(a) Calculated from tone input and gal water per min overflow. 


Rectangular sludge tank, of wood, 
steel, or concrete, or a combination, 
may have doping or vert aides. Sludge 
is usually flumed to one end through a 
feed well. A chain and flight conveyer 
is installed in the tank; flights are 6 in 
high, of wood protected by eteel angles, 
or of angles or channels, depending on 
width of tank. The discharge end is 
extended (sometimes bottomed with 
wedge-wire screen) on about a 30° slope 
to drain the recovered aolida. The chain 
should be barstrap or rivetlew. The 
bottom run is carried on wearing bars 
or small rails; top run, on flat bars, 
rollera, or sprocket idlers. The conveyer, running at 10-20 ft per min, gives the material time to 
drain. An overflow launder along each side, 
starting beyond the aone of turbulence from 
the feed well, runs to a sump from which 
the clarified water is pumped for re-use. 

The tanks have drains for cleaning and wash¬ 
ing. Table 22 gives data on 2 installations. 

Com settling tank (Fig 14). Washery 
water recovered from sump is pumped 
into the cone through inpe A, whi<^ deliv¬ 
ers iiuide of a cylindrical curtain F, Clear 
wntnr is removed through pipe B; D is an 
outlet to prevent water from overflowing 
lim of tank. Connection E is for cleaning 
by flushing the slurry pipe C. Valves at 
beseof cone control (^charge. 

Dorr traction thickener (see Sec 33). 

Table 23 gives data on 4 installatione 
for coal. Where space is available and 
water plentiful* bkituno ponds are used 
for t^u^e disposal; or the whole mixture 
: is. flumsd to the pond and discarded, 
or alknned to settle and the residue 
tee ov wed. 'Usually, little water ie 
~^|^f|ered from such pcmda. 



Table 22. Sludge Settling in Rectangular Tanks 



Plant A 

Plant B 

Gal water per min in feed. 

2 710 

1 820 

Percent solids in feed. 

• • • • 

5.5 

Percent solids in overflow. 

.... 

4.0 

Percent solids in underflow. 

• * < < 

73.0 

Vol of tank level full, cu ft. 

1 455 

6 135 

V(fl of tank at water level, cu ft.... 

1 165 

4 750 

Boris area at water level, eq ft. 

257 

688 

Length of weir, ft. 

45.9 

39.8 

Conveyer speed, ft per min.. 

20.0 

15.4 

Aver elevator capao, tons solids per hr 

2 0 

10.0 
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mt«rs. Common ^rx>ea are: (a) mechanical; (b) cord; (e) vacuum. The Bird filter 
is essentially a centrifuge; sludge f(^ into the machine passestl^ugh a high-speed impeller, 
which separates water and solids centrifugally. The cord nt/isR consists of endless cords 
mlounted on 2 drums. On passing through a bath, the cords inck up the solids; water is 
drawn out by vacuum and i^e coal removed from the Cords. Wright filter is an examide. 


In the older vacuch type, 
a seotionalised cloth-covered 
drum rotates, with the lower 
part submerged in a bath. 
' Suction collects a cake of 
solids on the cloth and de- 
waters it after rising from the 
bath. Just above the level at 
which the cake is discharged, 
comp air blows the cake loose 
and deposits it in a suitable 
conveyance. The Dobbco fil¬ 
ter (See 33) reverses this 
procedure by admitting ond 
distribudng pulp to the inside 
of the drum, which is lined 
with filter-cloth. As a segment 
of the drum reaches the top 
of its travel, its load of sludge- 
cake drops off (assisted by 


Table SS. Coal Sludge Settling in Dorr Thickenera 



Plant 

A 

Plant 

U 

Plant 

C 

Plant 

D 

Gal water per min in feed.... 

2 300 

3 460 

1 335 

1 400 

.overflow. 

2 640 

3 340 

1 210 

1 310 

•.underflow. 

160 

120 

125 

90 

Percent solids in feed. 

6.8 

8.9 

4.6 

6.1 

“ " ** overflow ... 

4.3 

8.0 

0.2 

3.0 

“ “ *■ underflow_ 

36.7 

40.3 

43.7 

45.0 

Vol of tank level full, cu ft. 

41 900 

22 300 

31 250 

31 250 

. at water level, eu ft 

37 270 

19 950 

28 140 

28 140 

Horiz area at water level, eq ft 

5 215 

2 640 

4 065 

4 065 

Length of weir, ft. 

256 

182 

225 

225 

Itake apeed, rpm. 

0 083- 
0.255 

O.SO 

0.098 

0.098 

Aver capac, tons solids per hr 

16 

13 

14.5 

10 


press of air behind it) and falls onto the belt conveyer for disposal. 


16, DEDUSTING AND DUST-COLLECTION 


Installation of dedusting equipment involves many factors (19). Both ash and sul¬ 
phur contents of coal often increase with diminishing size. When coal containing soft 
powdery fusain is wet-washed, the pqrous fusain fines remain in the sn "I’ coal or in the 



Fig 16. Koppers-Birtley Deduster 


wash water, and obstruct dewatering of the coal and clarification of water. K, after 
inveetigating a specific coal, dedusting is found desirable, a problem arises as to di^iosaL 
of the dust, for which a screen analysis of the coal with determination of aah oontente rf 
eadk pise el w u ld be Tgade. Dust is usually removed by screening or aspiration, or botiu 
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Blftw-Knoz apparatus directs 2 adjustal^ streams of air against fallmg curtains of 
crushed coal; dust is drawn off by 2 suction fans and d^ivered to cdleotors; air used, 
abcmt 200 ou ft per min per ton-hr. 

Algar dedoster provides both screening and aspiration. Raw coal is fed through an 
air-lock onto a double-deck, circular, vibratory screen, the upper deck having the largw 
openings; mesh of both screens is adapted to the particular coal. Coarse material, falling 
in a circular ourtfdn, is cut by rising air, which then passes through a set of conietd louvrn 
' to the dust collector. 


Koppers-Birtley system (Fig 15) depends on suction of a fan drawing air through an 
adjustable inlet, which lifts the coal off a stationary plate; a secondary inlet is providedL 


Table 24. Screen Analysis of Dedusted 
. Minus s/g-in Coal 


TLf^k 

Percent by weight 


Feed 

Discharge 

Dust 

+ 4 

33.0 

39.0 

0.0 

4-14 

36.5 

37.0 

5 0 

14-48 

19.0 

14.5 

32.5 

48-100 

5.0 

4.0 

28.5 

100-200 

3.0 

2.5 

28.5 

-200 

3.0 

3.0 

16.0 


100.0 

too 0 

100 0 


as shown. The modified American adaptation 
of the system supplies primary air by a blower 
and secondary air by suction fan. Coarser dust, 
after being lifted over a baffle, separates from the 
finer and is deposited in a hopper emptying auto¬ 
matically when enough material has accumu¬ 
lated to overcome a gravity-controlled sealing 
door. Fine dust continues through the fan to a 
collector. Normal air consumption, 100-200 
cu ft per min per ton-hr of coal; power, about 
0.18 hp per ton-hr. Table 24 shows effect of 
dedusting in a commercial installation. 

Dust-collectors; (a) Cyclone, Multiclone, 
Polyclone, American Metallic; (6) Roto-Clone; 


(e) Bag collector. In group (o), coal particles are thrown centrifugally by an air 
current and collected in hoppers (10). Cyclonks are 1-4 ft diain, and consist of a 
cylindrical upper section above a conical bottom sloping 60°. Multicionb has a multi¬ 
plicity of 6 or 0-in tubes, wherein high velocities are maintained; they operate under either 
press or suction. Units vary in size from 3 to 30 tubes; air requirements, 620 cu ft per 
min at 2-in water gage, to 14 640 cu ft per min at 4-in gage. Their effic is high. Poly- 
clones resemble multiclones in principle, but are in units of-2 tubes in paralleL The 


cylindrical shells are 16-96 in diam and use 1 800-64 900 cu ft air per min at 2-in gage. 
Thb polyclone is less effic than the multiclone, but when used as a preliminary collector 
ahead of a multic.lone, high effic is obtainable. Neither has any moving parts, nor requires 
much maintenance. American Metallic is similar in type to the Multiclone, and has 
been used for collecting dust from air-table cleaning. Roto-Clone acts as exhauster and 
dust separator combined. A housed impeller draws in the dust-laden air. Units require 
0.75-15 hp, at capac of 400-7 810 cu ft per min at 2-in water gage, and up to 14 000 cu ft 
per min at 3-in gage, with 18.8 hp. 

Bag collectors. The air stream passes through a fabric mounted as tubes or on 
fratties, thus filtering out the dust; these are the most effic of all collectors. The Blaw- 
Knox standard unit consists of cloth bags stretched over steel separating and beating 
frunes. Dust-laden air enters through a duct in which it loses vcloc and drops the heavier 
particles into a hopper, while the lighter are caught by the bags. Capacities are calculated 
on basis of 2.2-5 cu ft of air per min per sq ft of bag area, dei>ending upon loading, temp 
and humidity of air, and moisture, size, and characteristics of the dust. 


It is sometimes advantuReoua to operate under press rather than suction. When sir is heavily 
loaded, it is best to install Cyclones ahead of the bag collectors. Fangbomn collector is sintilsr to 
the B]sw-K>|^ox in design, but differs in site of bags. Koppbs-Wabino collector combines cyclone 
for coarse dust and bag filter for fine. The filter tubes are suspended above the cydone from a 
frame to which they are attached by weights and springs for shaking the bags. 


16. COAL DRYING 

Types of apparatus: (a) slow-moving conveyer in a bath of warm or hot lur; (5) serseos 
mounted in heated and ventilated housings; (c) kiln-tsqie rotary dryer. 

Conveyer is usually housed by 10-gage plates. It may consist of chains and Sights, 
fiat pans and chains, or an integral-pan conveyer. Highest effle occurs when the bed of 
material is relatively thin. In some types, warm or hot air is blown in and exhousied 
separate fans; in others, the bed is stirred by the carrier. Flue-gases ore sometiihes 
nasdtor drying, as in the Dwight-Lloyd-OIiver dryer. 

Drying screens are balanced, tandem shakers like the dqwatering screen. Thpir tops 
have distributing hoods to spread hot gases over die screens. The und^ sidel Of ^ 
tol^cen usually have suction ducts to drew the gases thrcuidi the coal. Hot hiriuuMtiSseo 
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are dther blown or sacked through the eereen. Some designa use a pulaating air current, 
aynchroniaed wiih the screen motion to take advantage of the periodically loosened bed. 

Rotary kiln dryer is usually a horia drum with closed ends. The hot gases are either 
passed tiirough a duct in the center, sweeping over the coal bed on its return, or pass 



between an inner and outer shell, coming into contact with the 

Feed hnd of the drhm has a seal to prevent escarie of coal and wr. In most designs s^e 
fonn of baffle stirs the coal as it rides up the sides and falls back. Dryers are set at a 

siS to cause the coal to travel through the drum. Fig 16 shows elev and cross^ons 


Fig 16. Christie Coal Dryer 
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of the Christie dryer. Dryers usually have a variable-speed drive. Gases preferably are 
heated by a stoker-fed furnace, and fans used to supply the air. Cyclones somerimes 
recover the coal in riie eahausted air, which may be added to the stoker feed. 


17. FLOTATION (see also Sec 31) 

« 

Flotation, as applied to coal, separates fine particles of coal, pyrite, shale, and clay, in 
a pulp, by means of air bubbles produced by vigorous agitation (13). Reagents are added 
to cause selective adhesion of tlie bubbles to the coal particles. The bubbles and their 
burden of coal rise to the surface as a froth, which overtiows and is recovered- The refuse 
material, to which the bubbles do not adhere, is withdrawn from below and discarded; it 
usually contains only a'small proportion of coal. 

Froth-flotation has improved the yield and quality of marketable coal in all plants where it has 
been installed (10). Numerous reagentri are suitable. Plants located near by-product coking ovens 
generally use eori-tar derivatives, as rreos(<te oil, cresylic acid, tar-oil distillates, and naphthalene or 
anthracene oils; others employ gas oil, petroleum, and wood-tar distillates. Reagent consumption 
ie 1-2 lb per ton of dry raw coal. Pulp feed usually contains 20-25% solids. Coal froths contain 
50-70% moisture. See Taggart's Handbook of Ore Dressing. 

18. FLOWSHEETS 

The preceding flowsheets show arrangement of 3 types of coal preparation plants: 
(a) Tipple equipped for hand-picking only (Fig 17); (b) Baum-jig plant with accessories 
(f^g 18); (e) a plant combining Rheolaveurs with Stump air-flow (Fig 19). Still more 
elabontte combinations are practicable, such as Baum jigs with hydro-separators and 
Stump air-flow equipment. 


COKE 

19. COMPOSITION AND PRODUCTION 

Composition. Coke is the residue after driving off the volatile constituents of Ntu- 
minouB coal, out of contact with 8ur; it consists essentially of carbon (the '‘fixed carbon" 
of the coal), with ash and a little water, and H, O and N gas. Color, silvery gray (from 
long-continued, high heat) to dull black (from quick burning, at low heat); texture, vericu- 
lar or pumice4ike. 


Production in United States, Net Tons (2) 

1929 (Maximum year) 

By-product coke, 53 411 826 tons, from 76 758 958 tons coal; yield 69.6%, without bieese 

Bee-hive " 6 472 019 “ " 10 027 516 “ “ ‘‘ 64.5% " “ 

Total, 59 883 845 " " 86 786 474 " “ “ 69.0% " “ 

1936 

By-product coke, 44 569 121 tons, from 63 243 517 tons coal; yield 70.6%, without breexe 
Bee-hive “ 1706 063 “ “ 2 698168 . 63.2% 

Total, 46 275184 “ " 65 941 676 " " " 70.2% “ " 

freeze is very fine coke, too small for furnace or domestic use, but can be burned under 
boilers. It is rarely recovered at bee-hive oven plants, and not entirely at by-product 
plants, but in 1936 an amount equal to 6.6% was actually recovered. 

Aver rield of coke. Bee-hive. 1 ton coke from 1.55 tons coal, or 2.2 tons per day 
By-product, 1 . 1.44 . 20.0 . 

Il^bods of coking: (a) Mounds or heaps; time, 6 to 8 days (long obsolete), (b) Bee¬ 
hive and horieontal ovens; time, 48 to 72 hr (now nearly obsolete, excepting in times of 
Isi^ge consumption), (c) Retorts or closed ovens, by-product; tune, 14 to 22 hr. 
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20. BEB>H1VE OVENS 

While there are etill oome thouaands of beehive and the later, rectangular ovene in 
existence, no more of either type are likely to be built, and those now existing are used 
onlj^when the supply of coke from by-product plants is too small to meet the demand. 
For these reasons the reader is referred to pp 2028-2033 of the second edition of this 
handbook for data on bee-hive ovens and the machinery used in connection with them, 
for‘ charging and drawing. 


21. BY-PRODUCT OVENS (4,5) 

Coke manufacture in by-product ovens is a highly technical process, wholly different 
from bee-hive oven practice. The possibility of saving the by-products was known as 
early as 1766; satisfactory commercial results were fiist obtained in Europe about 1883. 

The results uf by-P^oduct coke making are so much superior commercialiy to former 
practice, that practicdly all blast-furnace plants of any size in the U S now obtain their 
coke from by-product ovens. 

Location of plant. Bee-hive ovens, with few exceptions, have been built at the mines. 
By-product ovens are always at steel or furnace plants, or near large industrial centers. 
Such locations give the following ndvant.-igcs: c-onvcnience for obtaining coals from 
various sources; ready market for surplus gas; market for “breeze” (fines) and coke dust, 
always wasted at bee-hive plants; close supervision of coke making by the consumer; 
proximity to markets for tar and ammonium sulphate. 

Kinds of oven (26-29). Although the designs of by-product ovens have been numer¬ 
ous, the following list of those used in the U S , Jan 1, 1937, shows that 3 types are now 
in most general use: 

Koppers Semet-Solvay Wilputte All Others Totals 


At merchant plants. 1953 1 080 221 421 3 675 

At furnace plants. 7 833 716 505 120 9 174 

Totals. 9 786 1 796 726 541 12 849 


Design. Of the above t 3 l>es of oven, all have vert flues except the Solvay, which has 
horis flues. Extensive improvements have been made in both design and capacity of the 
Koppers and Semet-Solvay ovens, and by-product coke making in the U S is now far 
ahrad of foreign practice. The first Koppers oven in this country' was built in 1908, and, 
as shown above, more than three-fourths of the total number of by-product ovens now 
(1^38) in operation here are of this make. 

{Present capacity of by-product ovens is from 4.5 net tons per charge in small gas 
pUmts, to 20 net tons per charge in large steel plant installations. Coking time, 10-16 hr. 

The latest designs (1929) of the Koppers (Becker type), Semet-Solvay and ,Otto- 
Wilputte by-product ovens, which are the most important types now in use, are diown 
in Fig 20, 21, 22. 

Operation. The details of this subject being too complicated and extensive to be 
included in a book primarily on mining, the reader is referred for further information to 
BiMiography 23 to 29, at end of this section. 

Gases. The coking process begins as soon as the oven has been charged, the charge 
leveled and the doors sealed. First gases from the ovens are rich in illuminants; usually 
about the first half of the gas evolv^, or that given off in the first 6-10 hr, is used fo^ 
illuminating purposes. The remaining i^s is much poorer, and is used for heating the 
ovens or other fuel purposes. The rich gas has a heat value of 580 to 620 Btu per cu ft; 
lean gas varies from 500 to 580 Btu per cu ft. In a number of later installations, particu¬ 
larly those at gas plants, the ovens are heated by a low heat-value gas (such as producer 
or blast furnace gas) and all of the gas from the oven is utilized elsewhere. 

Hie raw gas leaves the ovens at about 660” F, and is taken through a system of pipes, whi<h are 
either sprayed or have a stream of flush water running in the bottom to keep the tar soft, this being 
oondensed out of the goe. The condensed tor is removed by a trap, after which the goe posees to 
the primary coolers, of the multi-tubular, oounter-flow type. Here must of the tor, the naphthalene 
and about 20% of the ammonia collect, the latter being dissolved in the water. Exhauetart take 
the gM from the primary eoolera to tar extractors, usually ot impoet type, where the rsmaia^w of 
the tfr is removed. In zoost U B planta. the gee posees from the ter extractor to a reheat, whsra< 
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it b bated ooila to 80_ -ISO* F. It than pauea to Baturatora, whara it bubblaa throagh 

a bath of HgSOi; the aDuno&ia in the gaa unitea with the add to maha ammoDiiun dblidutfOi the 
iiryatab of which fidl to bottom of the tank, whanae they are removed, purified and an ready for 
market. Thie prooeaa does not affect quality of the gaa, and no free add ia carried away by it. 
then paasee to the final cooler, whpr® direct contact with cooling water redueee ita tempera* 



ture and removea the remaining naphthalene. Thence it paaaee to the gu holders, or (at mmt 
V S plants) to the benaol recovery plant. In the latter the ^ ia intimately mixed, in>a counter* 
current flow, with “straw” oil in large waahers, from which the gas goes to the holders, and the oil 
to stills, where the Ui^t oil ia purified. This Ught oil is a mixture of bensol, toluol, xylol and solvent 
napfatlm. It is distined in luge stiUa by steam into a number of fractions, depending upon the 
aerket for toe products. 
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’Cok« dwt 
Coke breeee 

Gee. 

Tar. 

Ammonia... 


DUfram Sltowing DerlTatioa of By-vrodaets 


^'?ro!m 4 300^ niaminating and heating, 600 to 600 Bttt par an ft 
7 SOOeuft per- Total gaa yidd, 10000-13 000 on ft per net ton of oOkl 
net ton coal Bensol 
oharged 

Ii heated to Ammonia liquor 
following temp:- lx •< (Beneol ' 

to 170» C oils.... I Naphtha 

170-..».0«O {MiJdl.oil...{SSi3S 
!30- to S70- C { iSJXbritotl., all. 

270»to860“C jp/Jch™**"* 

Concentrated to 16-73% strength 
Sulphate of ammonia, by combination with HtSO^; 
approx 20% nitrogen 

Yield, 16-30 lb per net ton coal; aver, about 26 lb. 


I Yield, 6—13 gal 
per net ton' 
i coal 


f Yield, 25 lb per 
I net ton coal 


Uses of the By-producti 


Coke duet. 


{ In steel mill soaking pits 

Up to V<^n sise, burned under boilers on automatic stoker grates 


Coke breese. 


Domestic fuel 

” ( As fuel in gas producers, for heating coke oven to release entire yield of oven gas 

Domestic purposes 
Industrial fuel • 

Oas enipnes 

Steel-plant heating furnaces, open-hearth furnaces, etc 
Cement kilns 

For road tar, roofing tars, roofing felts 
.. Heavy-oil engines, and in open-hearth furnaces 
Waterproof paint, briquette binders 

( Chemical industries: for dyes; a solvent in making perfumes and medidnss, ia 
making high explosives; as motor fuel 
. Solvent 

. Insecticide, moth balls, chemicals 
. Disinfectant 
I Meiheinal 
. < Wood preservative 
I Sheep dip 
. Lubrication 
, Chemical manufacture 

{ Paving, waterproofing, fuel briquetting 
Manufacture of electrodes 

( Medicinal, household and refrigeration uses 
In production of soda ash. Manufacture of explosives 

I Chemicals; fertiliser, usually mixed with phosphates and potash 


Bennd. 

Naphtha.... 
Naphthalene. 
Carbolic add 


Creosote. 


Heavy oils.. 
Anthracene.. 

Fitoh. 

Concentrated 
ammonia 
Ammonia 
sulphate... 


Recent developments have been in remcving water from the gas before it enters the 
distribution syatem, in removing phenol from the waste products to prevent streem 
pollution, and the liquid purification of gas to completely remove sulidiur. 

By-products, besides coko and gas, are usually tar and ammonium sulphate. Bensol 
and a number of other derivatives can be made, although taking out additional products 
is likely to interfere with the production of the others (27-29). 

Sur^us gas. Totid gas produced from by-product ovens is 10 000-12 000 cu ft per 
net ton of coal. In many of the latest plants, it has been found economical to heat the 
ovens widi producer or blast-furnace gas and to utilise all of the coal gas produced for 
fuel or lighting purposes. 

Design and oonstruction of a modem by-product plant are a highly technical problem, 
and ihouid be undertaken by the companies building such plants only after they hfvn 
been furnished with aU the neceseary baaio local data. 
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22. MISCEIXAHY 

telle coki. Many attempts have been made to lower the lulphor content coke 
during its manufacture, eoipe experiments being along the line of adding limestone to the 
coal charged, but a basic coke has not yet been commerciirily produced. 

Coke teitt. For this subject see Bibliography, 27, 28. 

Low-temperaturs distillation of coal. For many years much effort and mon^ have 
beta ffxpended, both abroad and in the U S, to develop an effic process for obtaining a 
more satisfactory fuel and by-products from coal at lower temperatures than those used in 
by-product ovens, as it is thought that the fuel will be better for domestic use, the yirid of 
tu and oils much greater, and that a lower cost for both plant and operation will result. 
A number of plants of this type are in commercial use in European countries, including 
Great Britain; in the 17 S, due to differing fuel conditions, only one plimt is in operation, 
though several others are in an experimental stage. 
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MATHEMATICS AND MECHANICS 


ALGEBRA 


1. ELEMENTARY OPERATIONS 


^rmbols of opention are the same in algebra aa in arithmetio. The symbol of addition 
is often omitted in arithmetic. Thus, S^/r means 3 + ^/r. If a symbol of operaticm is 

omitted in algebrft, it is that of multiplication. Thus, 2 - means 2 X 4 > x* mcmu 


that 4 is greater than x*. 3 < ob means that 3 is less than a X b. 

Symbols of aggregation are the bar, | ; vinculum, - - ; parenthesis, (); bracket, [ ]; 

a\ 


and brace, { }. Thus, each of the expressions 


+ c 


o + c, (o + c), [a + c], |o + c}. 


means that a + c is to be treated as a single number. If an expression within a paren¬ 
thesis is preceded by a plus sign, the parenthesis may be removed. If an expression 
within a parenthesis is preceded by a minus sign, the parenthesis may be removed if the 
sign of every term witbin it be changed. Thus, 2 + (a — b) * 2 + a — b; and 
2 — (a b) 2 — a + b. If parentheses occur within parentheses, these may be 
removed, in succession, by removing first the innermost parenthesis; next, the innermost 
of all that remain and so on: 


a — [6 + C”-{d + 3}]*a-— [6 + C“d“3]"»a“[3 + c-“d]"*0“-3-“C + d 
Addition. To add like terms, perform the indicated arithmetical operations on the 
numerical coefficients; this gives the coeff of the answer. Thus, 


—7a + 6o — 2a + a» —2o 


To add terms which are not all like, combine the like terms and write down the others, 
each preceded by its proper sign. Thus, 

--2 ax + 4* + 5ox — 3z — c>"3o®-f-s — e 


Polynomials are added by adding their respective terms. 

Thus, to add m* — 3 tn*n — 6 m'n*, + wibt* + m^n* — 5 in*n and — n* + 2 m* + 7 
write: 

+ m* — 3 m*n — 6 m*n® 

— 6 m*n -f- »**n® + »n*n* 

■4-2 m* + 7 m*n _ — n* 

+3 TO* — m*n — 5 TO*n* + TO*n* — n* 

Subtraction. One polynomial may be subtracted from another by changing the sign of 
each term of the subtrahend and adding. 

Thus, (o*** + 2 o*r* — 4 oar*) — (a® + 4 a*z^ — 3 a*x* — 4 ox*) ■« 

o^* + 2 o*x* — 4 ax* — o® — 4 o*x* + 3 a^x* + 4 ax* “ —o® — 3 a*x* + 6 oV 
Moltifdication. To find the product of monomials, annex the literal factors to the 
jHpduot of the numerical factors. Thus, 4aX2bX3s = 24 obz. Like signs produce 
phu; unlike signs produce minus. 

Thue,'4dX3c» +13oc;4oX (-3c) - —12ac; -4oX (-3c) - +12ac;o*X«* 
w o*'*'* iB oe X aaa aaaaa » a®; 4a*e-ac* « 4aac-accc » doao’cccc «■ 4a*c*; Oab®y* 
X 2 bV X (-6 c»y) - -60 o»b®y*. 

' To multiply two polynomials, multiply each term of one factor by each term of the 
father factor and add the partial products. 

, Thus, to multiply (—o* + 2 o*b — b*) by (+4o* + 8 ob), the (^aeration may be ar¬ 
ranged and carried out thus: 

—o* + 2 o*b — b* 

4 o* + 8 ob _ * • 

—4 o* + 8 a*b — 4 a*h* 

-~8a*b _ + 16 o*b« - 8 o5« 

I ^ —4 o* — 4 o*b* + 16 o*b* — 8 ob* 

, ^ Mtatiplioation of polynomials may be indicated by indoedng each in a panntliwds and 
tjil^ng them one aiter the other. 
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Thus: (2 6 — 8) 
multipUcd tocether. 


(2 6 + 3) (4 M + 9) indiestes that the three bihomiale are to be 
The indicated operatiotis are performed ae follows: 

'2 6 + J^Multiply the first two. 


4 ft* - 6 6 
+ 6ft-9 


4 ft* 
4 ft* 


-9 

+9 


I Multiply by the third. 


16 ft* -36 ft* 

+36 ft* - 81 

16 ft* — 81 The final result. 

Division ia the operation by which, if a product and one of its factors are given, the other 
factor is determined. The product is called the dividend; the given factor the divuob; 
and the required factor the quotient. The quotient is positive if dividend and divisor 
have hke mgaa; it is negative if dividend and divisor have unlike signs. 

—51 abdy* 


in‘pV + mp*x* 


tn^p* x* 

tnp*x* 


m***; —51 oftdj/* -i- 3 bdy 


--17oy 


3 bdy 

To divide a polynomial by a polynomial, arrange both dividend and divisor according 
to the ascending or descending powers of some common letter, and keep this order through- 

visor 

out the operation. Arrange the computation thus: Dividend Divide the 

first term of the dividend by the first term of the divisor and write the result as the first 
term of the quotient. Multiply all terms of the divisor by the first term of the quotioit. 
Subtract the product from the dividend. If there be a remainder, consider it as a new 
dividend and proceed as before. 

Thus: (22 o*ft* + 15 ft* + 3 o* - 10 c*ft — 22 oft*) -4- (o* + 3 ft* — 2 oft) 

3 o* -■ 10 o*ft + 22 0 * 6 * - 22 oft* + 15 6 * i o* - 2 oft + 3 6 * 

8 o* - 6 o*b + 9 a*b* 3 o* - 4 oft + 5 ft* 

-4 0*6 + 13 o*ft* - 22 oft* + 15 ft* 

-4 o*ft + 8 o*ft* - 12 oft* _ 

* 5 0 * 6 * - 10 oft* + 15 ft* 

' . 5 0 * 6 * - 10 oft* + 15 ft* 

The quotient is (3 o* — 4 oft + 6 6 *). 

Factoring is the process of finding two or more expressions the product of which is 
equal to a given expression. First, factor out any monomial common to each term; then 
treat the polynomiri by one of the following type forms; 

1. ax + ay + bx + by a {x + v) + b ix + y) (a + b) ix + y) 

' 2 . o* + 2 oft + 6 * - (o + ft) (o + ft) 

3. y* + by + c > (y + p) (y + S), if P and g are two numbers the sum of which is 

ft and the product is c. 

4. oi* + 6 * + e 

Find two numbers the algebraic sum of which is ft and the product is a*c. Replace bx 
by two terms in x, the coefiicients of which are the numbers just found, and factor by 
grouping terms. 

■ Thus: 4 **- 5 *- 6 - 4 x»- 8 * + 3*-6-4«(x — 2) + 3(*-2)-(4i + 3) 
(» - 2 ) , 

5. o* - ft* - (o + ft) (o - ft) 

6 . a* + ka*ft* + ft*. This type can sometimes be reduced to type 5 by adding and 
subtracting a multiple of o*b*. Thus: 

9 ** + 3 ®*y* + 4 y* - (9 ** + 12 x*y* + 4 y*) - 9 x*y* 

- (3 ** + 2 y*)* - 9 **y* 

- (3 ** + 2 y* + 8 *y) (3 ** + 2 y* - 3 xy) 

- / + ft* - (o + ft) (o"“* - o’*-*!* + o’-* 6 * . .. + 6 "-*) \ 

• • \ - ft” - (o — ft) (o"-* + o ”-*6 + o"“* 6 * . .. +!»”“* / 

. ^Ifttiawran. (o” —ft”) beeomestypeS. In all other cases, if n is a multiple of 3. apply 
one of the types, 

- " o* ■+ ft* •• (o + ft) (o* — oft + ft*) 

1 .* _ /_ _ 


if n is odd. 
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MATHEMATICS AND MECHANICS 
2. POWERS, ROOTS AND RADICA^ 

The relation between exponential and radical notation is expressed by the fonnula, 

V- */- I ' • * 

V** • (V *)" » ar, in wWeh a and b are any numbers and b is no* saro. In such a frac^ 
tiondl exponent, the numerator indicates the power to which the number is to be raised 
and the denominator gives the index of the root which is to be extracted. The fundamenthl 
laws qi exponents are as follows: 


1. 

( fo)" - +a" 

6. a’"b’" 

- (ob)*" 

2. 

(-o)*" - - o»" 

7. a" -i- 

b”* « {0 ■ 

3. 

(_a)*«-n M, - 0 *"+* 

8. 1 -f- a 

- (1 -S- 

4. 

a*"o* — o"*'*’" 

9. o’" - 

(1 -i- 0 )-’ 

6. 

o’" H- 0 " ■> o’""" 

10. (o’")" 

- o'”" - 


11. a® ■■ 1; Oo ■■ 0; 0® ■■ indeterminate. 

8a^- _ (2n+l)^_ 

12. V 4-0 is positive or negative; v +o is positive; v —a is negative. 

3a._ ___ 

The root of V —a is impossible or imaginary and the simplest one is v — l, which is 
represented by the symbol t. A complex quantity is partly real and partly imaginary: 




4* 


+ 1: --t; 

% 


<<»+"• . »•«; t®» -+ 1; »<"+» -+t; i«"+* --1; 1®"+* --i. 


13. - VS V6 - (oh)*” 


14. vS 


^ a 




MW are 

b ■■ Va -5- V6 

1 1 
"" 1 “ ® 
V5 = 

o 


(-:) 


J6. - a” - 

17. VT + 6 + 2 VSb - Vo + Vh 


The following approximations are often convenient and are su£Eiciently accurate if x 
and y are small compared with 1: 


18. (1 + i)» - 

19. (1 + ac)^ 

1 


1 + 2 X 

■• + 1 


20 . 

21 . 


1 + x 
1 


■■ 1 — X 
■•1 + x 


24. (1 + x)* (1 - 2 y)* - 1 + 2 X - 4y 
If a and b are nearly equal, 

26. VSfe - (o + 5) -J- 2 

If b is small compared with o, 

_b_ 

2 a 

3a» 


26. Va*±b - o ± 

27. Vo*± b - o ± • 


1 — X 

22. (1 + X) (1 + y) - 1 + X + y 

23. ( 1 + X) ( 1 - y) - 1 + x - y 
28. Vo* + b* 0.060 a + 0.398 b. This is within 4% of the true value if o > b. A 


,_ b* 

doser approximation is Vo* + b* ™ 0.9938 a + 0.0703 b + 0.3567 —• 

ct 

29. Vo* + 5* + c* ■■ 0.939 a + 0.389 b + 0 297 c. This is within 6% of the true 
value if o > b > c. For instance, for the numbers 43, 42 and 41, the error < 6.2%. 


3. BINOMIAL THEOREM 

Binomial theorem is used to expand a binomial expression into a series as follows: 

(o ± b)" -i o« d: no<—» b + b* + ” b* + ■ • • 

The series is finite if n is a poritive whole number; it is infinite if b is fractiOnid Or 
negative; and it is convergent for o > b. The product 1*2*3 . .. r is called faotorial<r 
and may be written ri. The coefficients of the powers are called binmnial coeds, and the 

^ ^ (aiW-.- (1:* 


lih coeff is' 


in which x b + o. 


1*2*3 ...r 
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^ ii oftm nu^ mnveiuent to »pand the second foim than the first. The four follow- 
i&8 speoal foms'^etei be used if n is any positive integer and for any negSitive or fractional 
value of n. if a; lies between 0 and 1: 


Idbx 


- (1 db *)-» - 1 =F as + ** q= *» + x« =F ■ 


1-3 


«* — 


1-3-5 


X* ± 


l<35-7 * 
2-4-6-8*10* 


^ 1 - 4 - (1 ± x)^ "• 1 i: ” * “* —~ X* ± ' 

V = =2 2-4 *2-4-6" 2-4-6-8 

"•’^2' + ?4*’=^2T6*‘+- 
Cl c 

, Proportion alb::eld may be written r — j* 

0 d 

_ . -b da bo + ft c + da — b c — da + b c + d 

Hence, od-bc, - -- ,- - 3 , —^ - —— , —j— » —— , -r --• 

a c c d b d b d a — b e — d 


4. SERIES 

Series is a succession of numbers which proceed according to some fixed law. Any one 
of the numbers is called a term of the series. A series continued indefinitely is an iirrtMiTx 
wEaraa, and one that ends with some particular term is a finite series. 

Arithmetical series or progression is a aeries in which the difference between any two 
adjacent terms is equal to the difference between any other two adjacent terms. The 
common difference may be plus or minus. The formula for the nth term is, tn ■■ a + 

(n - 1) d. 


n 


The sum oi n terms is iSn "i - (a + in), in which a is the first tenn and d 

SB 

the common difference. From the above equations, any one of the quantities, a, d, /», n, 
or S, may be found if any three of the others are given. 

Oeometrical series or progression. In this, each succeeding term is obtained by 
multiplying the preceding term by a constant multiplier. If a is the first term, r the con¬ 
stant multiplier, and (n the nth term, ■■ ar^"~^K Gbohbtricai. mean between two 
numbers is the number which stands between them and makes, with them, a geometrical 
series. If a and b denote two numbers, then O "i is their geometrical mean. If it 
is desired to insert m means between the numbers, the constant multiplier is given by the 

ofr" - 1) rb - o 


b -r a. The sum of n terms is iS » 


f - 1 


r - 1 


b being the 


formula 
nth term. 

Special Series: 

1. 14'2 + 3 + AH-"**-|-(n — l)-i-n'"n(n‘4"l)'4"2 

2. p 4- (p + 1) + (p + 2) + • • • + (fl — 1) + a “ (fl + p)(a — p + 1) + 2 

3. 2-i-4 + 6-i-8+-*-+(2n-2) + 2n-n(n + l) 

4. l + 3 + 5 + 7+-*-+(2n-3) + (2n-l) - n* 

5. 1» + 2* + 3* + 4* +•••+ (n - 1)» + n*- n(n + 1) (2n-|- 1) + (1-2-3) 

6. 1» + 2* -1- 3* + 4» + • • • + (n - 1)* -t- n» - In (n + 1) -i- 2]* 

7. 1* + 2* + 3*- • • + (n - 1)* + n* - n Cn + 1) (2n + I) (3n» + 3 n - 1) + 30 

1 + 2 + 3 + 4+ 5---+n li 

n» 2 


8, 


9. 


10 . 


1 + 2* -1- 3* + 4* + • • • + n* 


n* 


— as n approaches oo 


1 + 2* -j. 3* + 4* +••• + n* 


n’ 


jl 

3 

1 

4J 


2.71828, in which e is the 


11. s - (1 +„)--- i, • 2! ’ 3! 

base of Naperian sjrstem of logarithms, and lim means "the limit m n approaches mfim^. 




1 + 1 +., 

^ 4r ^ 


12. si* - l +1 log* « + fj (*oi* ®)* + ^ 
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IE* 


** . *• 


14. Log0 (1 A s) » — 


if-l<*<+l 


le . ( 1 ^) - 2 (1 + 5 ^. + + . . .)i£ -1 > *. or *>+1 




18. 0Ot X ■> 1 


2? 41 “ 61 ■*■ IT' 


62 x» 


. _L ** ■ 2x* 17 x’ 

19. ton X - X + 3 + g.g + gj.g.y + 3*.6.7-9 


The ui«le x is in badiaks, 
and « angle in degieea 

x-1.' 

^ 180 


6. LOGARITHMS 

A liOgaritluB ia the power to which a given fixed number muat be ralaed to produce 
another number. In y » 6', b is the base, x the logarithm or power, and y the number 
which ia produced. For eommon, or Brigga, logarithms the base is 10. The only other 
qretam in common use is the Naperian, natural or hyperbolic system, for which tiie base* 
is 2.71828. The abbreviation log means the logarithm of a number to the base 10. The 
notation Nap log 6, or log« 6, means the logarithm of 6 to the base e; and log 6 means the 
logarithm of 6 to the base 10. Thus, log 100 -■ 2, because 100 •" 10*; log 10 ■■ 1, 
because 10 10*; log 1 *■ 0, because 1 » 10*; log 0.1 ~ — 1, because 0.1 » 10~*. Any 

number > 1 has a positive logarithm and any niunber < 1 has a negative logarithm. 
Numbers which are not whole powers of 10 must result from raising 10 to some fractional 
or irrational power. The decimal part of such powers, orjlcgaritiuns, may be obtained 
from a table of logarithms. Since 10 is larger than e (2.71828), it takm a higher power of s 
to produce a given number than it does of 10. This means ^at the logarithm of a n\nnber 
to base e, is larger than to base 10. Relation between the' two ^sterns of logarithms is: 
log* n logio n Hf- logio c 

or log* n logic n 0.4343 ~ logic n X 2.303 


6. CHOICE AND CHANCE 

Permutations or choice. If one thing can be done in a different ways and another 
thing oah be done in b different ways, then both together can be done in a X b different 
ways. If one thing can be done in a ways, a second in b ways, a third in e ways and a 
fourth in d ways, the number of ways of doing all these things will beaXbXcXd. The 
number of arrangements of » different elements or things, taken all at a time, ia 
n (n — 1) (n — 2) (n — 3) • • *3 X 2 X 1 ■■ nl 

Probability or chance. If an event may happen in a ways and fail in h ways, each way 
being equally probable, the chance or probability that it will happen in a ways ia*a + 
(a + b); tiie chance that it will fail is b 4> (a + b). The sum of the chancee is 1. Odds 
in favor of the event is the ratio of chance of happening to chance of failure. Odds in 
favor are o ■«- b; odds against, b + a. 


7. QUADRATIC AND CUBIC EQUATIOITS 

Unear equations, or those of the first degree, contain the first power only of the 

unknown, and have but one root. Thas,~x - is the root of ox + b » 0. 

o 

Quadratic equations, or those of the second degree, contain the second power of the 
unkrown and have two roots. If equation is written in the form ox* + bx + o ■* 0, the 
roots are x (—b db Vb* — 4 oc) + 2 o. If (b* — 4 oc) > 0, the roots are real; if 
(b* — 4 oe) <0, the roots are imaginary; if (b* — 4 oc) ia a perfect square, the roots ate 
rational:^ (b* — 4 oc) ■■ 0, the roqta ate equal but opposite in tign. Following la an 
Euclidean (ipraphicid) construction for the roots of a quadratic. The equation should be 
in the form, * 

X* — 2px + e'*0,orx(2p — x)"«q 
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Cue 1. -p and q ve both poiitiTe faotora. On interaeoting azea, o* and oy, not neeea- 
aarily at riidit uiglea (Fig la), l^y off OA » unity and OE - q, both upwards, and OP 
■■ 2 P, to the right. Frotn C, the iiitwseotion of the perpendicidar bisectors KC aitd BC 
of lines OP and AE, as a center, with CA as a radius, describe a oirole; its intercepts, 
OP And OQ, on OX, are the roots required. 

Case S. p negative and q positive. Lay off 
2 p n OF to the left, and proceed as before. 

Both roots will be negative, because measured to 
the left. 

Case 3. p and q are negative factors. Lay off 
OE q, downward, OF = 2 p to left, OA = unity 
upward, and proceed as before. One root will be 
negative. 

Case 4. p positive and q negative. Lay off 
OF ■= 2 p to right, OA = unity, upwards, OE = q 
downwards, and proceed as before. One root wiU 
be negative. 

Case 5. Thb circle does not cut OX, therefore the roots are imaginary. The real 
part of the imaginary root can be found by drawing a tangent to the circle from K (Fig 16). 
If T is the point of tangency, KT will be the real part of the imaginary roots. 

Cubic equation, or one of the third degree, contains the third power of tiie unknown, 
may contain the second, first, and zero powers; it has 3 roots, 2 of which may be imaginaiy. 
Tbioonoubtbic solution of the cubic. If the equation is in the form y* + 5y* + cy* + 
d ■■ 0, it is necessary to transform it to a cubic, in which the second power does not appear. 
This is done by making y ■« x — (6 3), expanding and collecting terms; it will then be 

in the form x* + px + q 0. Three cases miist be distinguished: 



1. *• 4- p® + 9 »-0 

2. *• — px + g — 0, and (p* + 27) < (g* -i- 4) 

3. X* — px + g ■» 0, and (p* -t- 27) > (g* -*■ 4) 


In these, p is necessarily positive 
and g is positive or negative. 


Formulas for Case 1: tan A — ^ A/f , tan ^ B \/ton ^ A ; 

o g * o 2 ' 2 

the roots are, xi » —2 cot B, x» cotB + eosee B V—i, and 


xt 


— cot B coaee B V —1 

^ 3 


Formulas for Case 2: sin A 


3 q 


eJe 

n va • 


3- 


(tan-A; 


the roots are, xi —2 cosec B, xt ■■ cosec B + cot B^/p V —1, and 


Xt eosee B — cot B Vp V—1 


XI 


Formula for Case 3: sinA"-— ; the roots are, xi - 2 sin 4. 

2p 'p ’3 3 

- 2 sin (eO® - I) and X, - - 2 -v/l sin 


8. INTEREST 

Simple Interest Let principal = P, yearly rate = r%, amount of $1 for 1 year ■» B, 
number of years ** n, and amount of P for n years *= A ; thgn B = 1 + r, the interest on 
Pfor n years » Pnr, and A ==> P (I + nr). P is sometimes called the present worth of A. 
If d » any number of days, simple interest for that time is given by following formulas: 
at 4%, mterest ■= Pd + 9 000; 6%, Pd + 7 200; 6%, Pd + 6 000; 8%, Pd * 4 600. 

As 6% is a very common rate, it is worth recalling that interest for 1 month (P X 6) 

(12 X 100) » P -t* 200; divide this by 30 to get the interest for 1 day, and multiply 
the last result by d to get the interest for d days. Proportional parts of these results may 
be tidcen for other percentages. 

Xxampie. The mterest on $5 284 for 30 days at 6% >■ 6 284 200 ■* 328.43; 

interest for 1 df^r » 28,42 -l- 30 - $0.8807; interest for 12 days » 12 X 0.8807 » 
$10,568, By the 6% fcsmula pven above the interest for 12 d«qn would be ($6 284 X ISQ 
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-t- 6 000 - $10,568. At 4%, the intereet for the 12 days would be «/$ $10.57 - $7.04. 
At 7%, the interest would>be ^ /a $10.57 ^ $12.33, 

Compound interest. If, at the end of a period, interest is added to principal, and tiien 
interest charged on the new principal, the second period's interest added to form a new 
principal and so on, the interest is said to be compounded. With notation as before, 
A - pa", or P - A -f- P". 

Example. In 12 years at 6%, $400 amounts to A » 400 (1.06)^* ™ $804.88. 

Present worth of $5 000 due in 15 yr at 5% comp'd interest is P ■■ ■■ $2 405.09 

(1.05)“ 

( r\*" 

1 + “ j 

Example. The amount of $400 in 12 years with interest at 6% and compounded 
( 0 . 06 \*^^* 

quarterly will be A — 400 ( 1 H—r— ) ■- $817.39, instead of $804.88 if compounded 


yearly/ and instead of $688.00 by simple interest. 

Sinking fund is crested to pay a debt that falls due, or to provide for expendittire 
that must be made, at some future time. If S is the sum set apart each time to be put at 
compound interest, and other notation is as above, then 

A - S (P" - 1) 4- (P - 1) - S («» - 1) -s- r, or S - Ar 4- (P" - 1) 
Amortization. d% » annual dividend rate required to yield r% of simple interest, 
and to furnish annual instalments of P dollars each, which, if placed in a sinking fund at 
s% compound interest, will return original investment at end of n years: 

d Is + r (S* — 1)] T (S" — 1), and n == log [(a + d — r) -j- (d — r)] 4- log S 
in which S is the amount of $1 for one year at s%. (See Table 5, Sec 25.) 

Buying on instalments. Interest is added to principal at time of payment and amount 
of instalment deducted. 

Q ■■ amount of debt, P amount of instalment, n ■■ number of equal instalments, 
r% M rate of interest, P = amount of $1 for one instalment period, and An amount 
of debt after payment of n instalments; then, An ■* QP” ~ IP (P" — 1) 4- (P — 1)]. 
To cancel debt, make An — 0; then 

, P - CP* (P - 1) 4- (P* - 1), and n - [log P - lorCP - QR + C)I 4- log P 


GEOMETRY AND MENSURATION 

9. CONSTRUCTIONS 

Lines. To divide a given line into two equal parts (Fig 2). 

Let AP be the given line. With any radius (obviously greater than 0.5 AP) describe 
2 arcs with A and P as centers. The line CD, through points of intersection of the arcs, 
is a perpendicular bisector of the given line. 

To divide a given line into any number of equal parts (Fig 3). 



Fig 2 Fig 3 Fig 4 Fig 6 


Let AP 'be the given line and let the number of equal parts be five. Draw line AC at 
any convenient angle with AP. and step off any 5 equal spaces from A to b. Connect 
b with P, and draw parallels through the other points in AC. The interseotiona of tiwse 
parallids with AP determine the required equal parts on the given line. 

To draw a perpendicular to a given line through any given point on the line. 

Casel, PaintCisnear the middle of the line AP (Fig 4). With C as oanter, deseribe 
arcs ol equal radius intersecting AP at a and b. With a and b as centers, and any ladius 
ff!eatec than Ca, deseribe arcs intersecting at D, CD is tiie requked perpendicular. 

Caset. PointCisneartheextremity of theline AP (Fig5}. With any point O, as 
ceutei', and radius OC, deseribe an are interseotting AP at a.' Extmid «0 to intnaset the 
eie at D. CD is the required perpendicular. 

" j^lT^draw a petpendieular to a given line throuid^ soy given point outside of the Une. 
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^ C«M 1. Point C ia oi>poaite, or nearljr opposite, the middle of the line AB (Fic 6). 
With C as oenter, describe an arc intersecting A.B ^at a and b. With o and 6 as oenters, the 
same radius as before, describe arcs intersecting at D. CD is the reouired perpendiculv. 

Cue 2. Point C is opposite, or nearly opposite, the extremity of line AB (Fig 7). 
Throuidi C, draw uiy line intersecting AB at o. Divide line Ca into 2 equal puts, ob 
and bC (method given above). With b as center, and radius bC, describe an arc inter- 
Mcting AB at D. CD is required perpendicular. 

Angles. To bisect a given angle. 

Cau 1. Vertex B is accessible (Fig 8). Z.et ABC be the given angle. With B as 
center, and a large radius, describe an arc intersecting AB and BC at a and e respective. 



Fig 6 Fig 7 Fig 9 Fig 9 


With o and e as centers, describe arcs of equal radius intersecting at D. DB is the reqmred 
bisector. 

Cue 2. Vertex B is inaccessible (Fig 9). Let the given angle be the inclination 
between lines AB and BC. Draw lines ob and be parallel to the given lines, and at equal 
distances from them, intersecting at b. Let Db bisect angle abc (method given above). 
Db is the required bisector. 

Circles. To draw a circle through 3 given points not in same straight line (Fig 10). 
Let A, B and C be the given points. Bisect the imaginary chorda A3 and BC. Draw 
bisecting lines and produce them to intersect at 0. Point 0 is center of required circle. 
To draw a tangent to a circle from any given point. 


E 



Fig 10 Fig 11 Fig 12 Fig 13 

Case 1. Point A is on the circumference of circle O (Fig 11). Draw radius QA. 
Through A, perpendicular to OA, draw BAC, the required tangent. 

Cue 2. Point A is not on circumference of circle O (Fig 12). Two tangents may be 
drawn. Join O and A. With OA as diam, describe a circumference intersecting the given 
circle at B and C. BA emd CA are the required tangents. 

To construct, upon a given chord, a segment of a circle in which a given angle may be 
inscribed (^g 13). Let AB be the given line, and a the given angle. Ckinstruct angle 
ABC equal to an^e a. Bisect line AB by the perpendicular at D. Draw a perpendicular 
to BC from point B. With O, the point of intersection of the perpendiculars, u oenter, 
and OB u radius, describe a circumference. ABB is the required segment, and vertex E 
may be located anywhere on the arc ABB. 
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CSioow any diitanoe DP, mad make DO ■■ DP, line AO, produced, meets BP ai H, m 
point on ^e required are. For otiher points on arc ADHB, use other values of DP 
repeat the construction. 

Parabola is a curve for which the distance of any point from a fixed line, called pzaao* 
mx, is equal to the focal radius of the point; that is, AP PP (Fig 15). 

To inscribe a parabola within a rectwgle (Fig 16). Let ABCC'jJ be the given rec¬ 
tangle. Divide CC' and BC, also AA' and AB, into the same number of equal parts. 
Number the divisionB on the base from the cent«' each way. Number divisions on 
C'C and A*A from the top, downward. From the divisions on BC and AB, draw parallds 
to axis BV, From the divisions on CC' and AA', draw lines converging to the vertex V, 
The intersections of corresponding lines, such as 1 with 1 and 2 with 2, determine points 
on the required parabola. This construction applies equally well for inscribing a parabola 
within a parallelogram, in which case, axis BV ia parcel to a side of the parallelogram. 

To diuw a tangent to a parabola from any given point. 

Case 1. Point P is on the curve (Fig 15). Draw PN perp^dicular to axis VB. 
With N as center, and radius ■■ 2 NP, describe an arc intersecting the axis at T. TP 
is the required tangmt. NT is called the svbtanqbnt. PM being normal to tihe curve, 
NM is called the bubnobicai.. Distance from vertex V to focus F equals 0.5 NM. Line 
AC, perpendicular to the axis at D, is the directiix. DP -■ NM. 

Case 2. Point P is not on the 
curve (Fig 17), Let P be the focus. 
With P as center, and PF as radius, 
draw arcs intersecting the directrix 
at B and D, Through B and D 
draw lines parallel to axis, intersect¬ 
ing the parabola at B and H. 
PE and PH are the required tan¬ 
gents. 

Ellipse ia a curve for which the 
sum of the focal radii to any i>oint is 
a constant, that is, FQ + QF' 
AB = constant. 



Tim 17 Fig 18 


To inscribe an ellipse within a rectangle (Fig 18). Let AOB and SOS be the length 
and width, respectively, of the given rectangle. With O as center, and OB and OR as 
radii, describe circles. From 0 draw any radial line intersecting the circles at M and N. 
Through M draw a line parallel to OR, and through N a line parallel to OB. These lines 
intenect at H, a point on the ellipse. Repeat the construction to obtain other points. 
AB and RS are major and minor axes, respectively. 

To locate the roci of an ellipse, having given the axes (Fig 18). With R as center, 
an^ radius ■■ AO, describe arcs intersecting AB at F and F', the required foci. 

To draw an ellipse, having given an axis and the fod (Fg 18). A cord or thread, of 
length equal to the major axis, should be pinned or fixed, at its ends, to the foci F and F'. 
Witii a pencil inside the loop, keeping the cord taut so as to guide the pencil point, trace 
the outline of the ellipse (Q represents the pencil point and length FQF' the cord). 

To draw a tangent to an ellipse from any given point. 

Case 1. The point P is on the curve (Fig 18). With 0 as center, and OB as radius, 
describe a circle. Through P draw 
a line parallel to OB, intersecting 
the dr^ at K. Through K draw a 
tangent to the circle, intersecting 
the major axis at T. PT is the 
required tangent. 

Case i. Point P ia not on the 
curve (Fig 19). With P as center, 
and r^ua PF', describe an arc. 

With P as center, and radius AB, 
describe an arc intersecting the first 
are at Jf and N. Draw FM and 
FN, intcmtooting the ellipse at E 
and O. PE and PO are the re¬ 
quired tangents. 

Hyperbola is a curve for which the difference of the focal radii to any point is a ocm- 
atant; tidt is (Fig 20), PQ ^ P'Q m PXy - F'Q' - AR - constant. 

To conatriiet an hsqierbola by points, having giv«a the foci and the constant difference 
ol ra d i i - Let F and F' (F^ 20) be the fod, and transverse axis AOB the diffnr- 
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enoe of tbe focal radii. AF * F*S, AO * OS, A and B arc pointa on tha raqaitad 
curve. With oentera F and F', and any radius greater tiian FB or F'At describe ares 
0 - 0 . With same centws, and radius etiual to the difference betwena the first radius 
and transverse axis AOB, descnibe arcs 6-6, intersecting arcs o-a at P, Q, R, and <8, points 
<m the required curve. Repeat the construction for additional points. 

Make BC -• BC m, OF • OF', and construct the rectangle DCSBFC'GAD. The 
diagonals DF and EO, produced, are called seTicproms. The hyperbola is tani^t to 
its assnuptotes at infinity. If ii>e axes CO and OB 
are given, the fod can be detennined by making 
OF - OF' - BC. 

To draw a tangent to an hyperbola from any point. 

Casa 1. Point P is on the curve (Fig 21). Draw 
lines connecting P with the fod. Bisect the angle 
F'PF. The bisecting line TP is the required tangent. 

Case i. Point P is on the convex dde of the 
hyperbola (Fig 22). With P as center and radius 
PF', describe an arc. With F as center, and radius 
AB, describe an arc intersecting the first arc at M and 
N, Produce liru» FM and FN to intersect the curve 
at S and Q. PE and PO are the required tangents. 

Reference units for angles. The natural unit is 4 right anglm, called a panrooir, 
and equals 360 degrees of angle. One degree equals 60 minutes. Om nunute equals 
60 seconds. In circular measure the unit is the naniAZt. One radian is the rneasure of 
an angle subtended at Ae center of a drcle by an arc equal in length to the radius. 

360 degrees of angle ■■ 2r radians of angle. 

1 radian ■■ 180 x degrees ■■ 57.20578 degrees ■■ 57* 17^ 44.8”. 

Length of arc ■■ r$; where r « radius of drcular arc, $ » subtended anidot in radians. 



10. LINES AND AREAS (A »Area) 
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14nM and Arau {Contimueii 



Itg 29. Ciroular Sector 


I ■ ^Al 


Fig 80. Cirol* 




^igCdegieee) f 

Aoabco -ggg— - a«s ABC X 5 


Circumference ■■ 2irr ■■ wd 

Length of arc PAQ • 6 (radians) X r d X ~ X r 

- B (deg) X 0.017453 X r 
Rdation of radius, chord, and rise: 

T» Wl* + */4 C* t/j C 

Radius, r —-- ■ " - 

2 m nn t/3 B 

Chord, c " 2 V2 mr — m* ■■ 2 r tin l/j'd 
Rise or mid-or dinate, 

. .» \~» c* r use — if arc S ISO®"] 

m - r ± \r ^ ^ ^ 

w* — ^l2C X tan t/4 d » 2r «w* "^UB + y — Vr* — ** 
Side ordinate, y ■■ m — r -J- Vr* — x*. A X r* 


OT ■« r ± 


Fig 31. Circular Segment 


Aabca * Area of sector Aqabco minus 
area of triangle Aoilc 
r* /»tfWe«reeS) \ 

" I "t;. ' ,: -mn d I 

2 \ 180 / 


AjisrOD ■■ Area of circle minus areas of segments 
DAQD and EBFE 


" -■'i 

Fig 82. Circula r Zone 
N 




Fig 88 . Parabola 


A ktm kk ■> Areaof segment AjgytfjC minus area of 
segment Akjmk 


Circumference — t (o + b) X A 

WhM, t.(l+i’ + ^ + A+...) 

and e (a — 6) -h (a -f - 6) 

Circumference — r V2 (o* -f V) [approx]. A *■ t X a X h 
AaBCD ■ (* X ») + ob «■«“* (* + o) 


If f ■■ length of curve ABC and n -■ A 4- b 
I - b|i/a (1 + 16»*)^ + ^naplog X 

I4n+ (1 + 16n»)><]| 

I - b ^1 + ~ + • • •) [npprox] 

AiiBC - */g X b X A 
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Lisa* tad Anas (ContmtMd) 

' Detenmuation of Area 

IMvide the figure into an even number of etripe 
bjr equidistant ordinates, thus obtaining an odd 
numlm of ordinates. (The greater the number of 
strips, the greater the accuracy in the reeuHe.) 
The ordinates are the distances between boundary 
lines, represented by he. hi, he • • • hn-u h*. 

n K the number of strips 
(n + 1) the total number of ordinates, inolwl* 
ing the first and last 

d ■■ common distance between ordinatea 
C 6. teg ar gures total area, A is approximately as follows: 

Ttapesoidal Rule. A-d + hi + h* + • • • h^-t j 

SimpaoB’s Rule. '^“1 + ^») + ^ <** + ^ + ’ * * 

+ 4 (hi + A* + • • • hn-i)] 

Durand’s Rule. A-d [0.04 (ho + h„) + 1.1 (hi + h»_i) 

+ hj + hi + • hn-t] 

If 6 strips (7 ordinates) are used, then 

Weddle’s Rule. A - »/io X d [5 (hi + A») + 6 hi + h# + hi 

+ he + h»] 


‘I^apesoidal Rule. A 


Durand’s Rule... A 


11. SURFACES AND VOLUMES 

S ■■ lateral or convex surface; T » total surface; V ^ volume; A « area of 
Ai — area of a right section as indicated in the illustrations. 



Fig 38. Frisni, Right or 
Oblique, Regular or Irregular 


F - Ah - Aihi 



Fig 99 . CSylinder (Any Cross- 
seetion) 



5 perimeter of base A X h 
— perimeter of section Ai X hi 
F - Ah - Aihi 


S " 2irrh 
T - 2irr (r + h) 
F - irr*A 


IlgAfi. Bight <Frenlar Cylinder 
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■* Cf 

SwfMM aod VcihUBM {Cortimuii 



Sm „ihl + hd 


+ At 


+ r + \r» + 


^Ai - At> 


Vic 41. Vrartum of Bii^t 
CInular Cylixidor 


Zlc43. Unculo or Wedce of 
Sight Ciroulor Cyliudor 


r - ^ (Ai + At) 


S - 2rA 
V - */a (r*A) 



He 46. Hii^t Cireulgr Coao 


S •" wr Vr* 4- A* ■■ trrfi 
r - wr (r + A) 

„ rr*h 


3 


S m, -X gumofpmmetenof bMM 

2 

-|(Pi + p») 

■4v 

F-|u + Ai + Vix Ai) 
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SwtecM toA Vriiu&M (pontmueii) 



Fig 60. Spherical Sector 



Fig 61. Spherical Segmeat 


S - 2irrh - I (4 A* + c*) 

4 

r-|(2A* + c*) 

S » 2‘wrh 

r - 7 (8 rA + o* + 6*) 

4 




5 - 4irSJJr 
V - 2ir*Br* 


V-4/8XxXoXbXc 

Prolate spheroid (revolution about major axis) 

V- 4/8(xa5*) 

Oblate spheroid (revolutioh about minor axis) 
V - 4/8 (xfea*) 
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66. Frismatoid [Irregular 
with baaes m parallel planes] 


Prismoidal Formula. 


SatfacM a^d VolaaiM (.Continuai) 

*If surfaces aonneoting the bases are curved or 
warped they may be replaoed by plane surfaces, best 
suited to the contour, bounded by straiidit lines from 
one of tiie parallel bms to the other. These planes 
may be parallelograms, triangles, or trapeaoids. 

Let Ai ■■ the area of one of the bases. 

Ai ~ the area of the other base. 

M » the area of the cross-eecrion parallel to, 
and midway between, the two b a s o s. 
h V the altitude of the prismatoid. (The per¬ 
pendicular distance between the two 
parallel bases.) 

V vol of the sohd — i/e h [Ai + 4 Af + Aj] 
[Area of cross-«ec JIf should be computed from di¬ 
mensions of the polygon formed by the mtersection, 
with the solid, of a plane parallel to the bases through 
middle point of the altitude. In only exceptional cases 
IS this cross-sec the aver of the base areas. However, 

J the penmeter of this mid-polygon is half the sum of 
the basal perimeters]. ^ 

the irregular solid shown in Fig 57. AEFOD is the 
lower base; HLMOP is the upper base. To simplify the problem, let the perpendicular 
plane BKNC divide the solid into two parts; find the volumes of the parte separately and 
sum toem for total volume For the left portion of the solid: ABCD is the trapesoidal 
loww base, HKNOP, the pentagonal upper base. The given data are as follows: Alti¬ 
tude, or perpendicular distance between bases = 50 ft 

AH - 40 ft HAT - 14 ft KN - 16 ft BC ~ GO ft 

HK ~ ON 20 ft DC - 60 ft NC - 30 ft HD - ifO - PA » 8 ft 

Dimensions necessary to calculate area of cross-section M are: 

. 40 ft, dg - 44 ft, cA - 34 ft, 5a - 30 ft, fg -= 4.ft, gk - 30 ft, Aa » 4 ft 
Check: Perimeter of lower base » 223.24 ft; ftenmeter of upper base « 78.62 ft; 
perimeter of mid-polygon i* 150.03 ft; 

half sum of basal perimeters ----- 150.03 ft 

2 

Area ABCD Ai 3 000 sq ft; area HKNOP o Aj » 384 sq ft; area afedd) ■■ M 
- 1 466 sq ft; hence Vto u/t - U/a [3 000 + 4 (1 466) + 384] - M/g [g 248] - 77 067 cu ft. 
The volume to the right of plane BKNC may be found in a similai manner. 



PLANE TRIGONOMETRY 

12. LINE VALUES OF FUNCTIONS 

Let the radius of a circle (Fig 58) ■■ AF » AB — AE » 1, the circle being called a 


UNIT omota, and let A ■■ angle BAC 


• AF "» AS ™ AE 
angle subtended by arc BE. 



?£ 

1 

1 

1 

FO 

1 

1 

I 


m BC 

- AC. 

-DE 

« 

- FO 

- AD 


ooversed sine of A * covers A <■ 1 — stn A AF — BC •" FJW 
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, If tlie nffiuB AB of the circle (Fig 58} generate an angle by turning about the center 
A from the initial hoiixontal poeitaon AE, the angle will be meaeured by the are described 
point B, and may have any magnitude. Poamva a.noubs are generated by oounter- 
olo^wiae turning of AB; mBOATivB anolbs by dockwise turning. For any magnitude 
of angle A: 

tin A •" vertical projection of moving radius. 
eoa A « horisontal projection of moving radius. 

ton A — distance from E along a tangent to intersection with moving radius produced. 
cot A distance from F along a tangent to intersection with moving radius produced. 
For angle EAG'i sin d - B'C'; coa A - AC'; ton A - D'E; co< A - FG'. 

Algebraic signs of functions. Assume the functions of an angle iu the first quadrant 
to be positive, then: (a) sines and tangents extending from the horiz diam ufwaho are 
positive; downward, negative, (b) cosines and cotangents extending from the vert diam 
TOWARD TBB RIGHT, are positive; toward the left, negative. 


18. FUNCTIONS OF RIGHT-ANGLED TRIANGLES 



In any right-angled triangle ABC (Fig 59) let AB » e, AC — 5, and BC a. 


1. sin A ™ o + c “ cos B 

2. cos A * 5 c -i tin B 

3. ton A — a-f-bBCofJS 

4. col A 5 a ■ ton B 

5. see A ■» c 4 - 5 » CSC B 

6. cac A ^ c 4 - o ■■ sec B 

7. eers A =■ (c — 5) 4 - c = covers B 

8. covers A -> (c — a) 4 - c “ cers B 

9. C - 90® - A -b B 

10. <t c sin A K 5 ton A 

11. a ■■ c eoa B •* beat B 

19. Area “ ^ ? Vc® — a* 

i6 « 


12 . a 

13. b 

14. 5 

15. b 

16. c 

17. c 


Vc* - 5* -= V(c + b) (e - b) 
e eoa A — a coi A 
cainB >- aianB 
y— a? ■ N'^(c + a) (c — o) 

a b 

sin A cos A 

a b 

cos B ain B 


18. c - Va* + b* 


cot A 


b* 


ton A 


—• sin A cos A 


Functions of complementary angles. Each function of an acute angle is equd to the 
oo-named function of the complementary angle, that is, ain A = cos (90® — A); ton 
A « cot (90® - A); sec A * esc (90® - A); cos A ^ tin (90® - A); cot A » tan 
(90® - A); CSC A - sec (90® - A). 


20. tin A 

21. tin A 

22. am A, 

28. cos A 

24. «M A 
2£ ' eos A 


• 14. FORMULAS 

. —— m ± a /1 — COS* A * ton A cos A 
etc A 

■> 2 sin 1/2 A cos 1/2 A >■ vers A cot 1/2 A 

— cos 2 A) w rfc ■'Zt /2 vers 2 A 

a. ■ I . ■■ ± V1 — sin* A » cot A sin A 
see A 

• CCS* 1/* A — am* t/g A ■■ 2 cos* 1/2 A — 1 
•d: YV>+ Vs0m2A - 1 - tan a 


1 — 2 ain* i/g A 
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26. ten A 

27. ten A 

28. ten A 
col A 


1 

cot A 


<tH A 
co» A 


• ± V'mc* A -- 1 




eoa* A 


— 1 


st: Vl — eoa* A ^ 2 ton t/a A 

«w A 1 — ton* V* A 


1 — coa 2 A 
atn 2 A 
1 cm A 

tan A sin A 


sin 2 A A/ l — eoa 2 A 

l + coa2A ’1 + CM2A 

— A: Vcac* A — 1 


gars 2 A 
am2 A 


30. vsrs A "• 1 cos A "> sin A tan l/s A ■■ 2 atn* I /2 A 

31. eoaera A ■■ 1 -* atn A 


32. atn ~ A 

2 

33 . eoa 'I A 

2 

34. ton^A 

2 

36. e<n |a 

36. vara A 
2 


■4 


COS A 


2 


:V 


Ivors A 


1 + cos A 
~2 




cos A 1—cos A 


sin A 


tan A 


cos A 




cos A 


cos A 
1/s vers A 


sin A 

sin A 
vers A 


1 + cos A 1 H- aec A 


1 — eoa A 


1 + Vl — 1/2 aara A 2 + V2 (1 + eoa A) 


87. atn 2 A 

88. eoa 2 A 

30. ten 2 A 


IB 2 atn A eoa A 

» 2 eoa* A — 1 ■■ eoa* A — atn* A 
2 ton A 
" 1 — ten* A 


1-2 atn* A 


vers A 
sin A 


40. eo< 2A 


cot* A — 1 
2 eot A 


41. vers 2 A ■■ 2 atn* A ■■ 2 atn A eoa A tan A « 

42. atn (A db B) •" sin A*eoa ± sin B-eos A 
48. eoa (A ± B) ■■ eoa A■ eoa B =F atn A«atn B 


44. ten (A + B) 


fan A dt tan B 
1 7 ten A-ten B 


1 


eoa2 A 


45. eot (A A; B) - 

46. atn A + atn B 

47. atn A — atn B 

48. eoa A + cos B 

40. eoa A -> eoa B 

«> 

50. ton] A + ten B 


eot A -cot B T 1 
eot B zk cot A 

- 2 atn 1/2 (A + B) eoa 1/2 (A - B) 

2 eoa 1/2 (A + B) atn 1/2 (A — B) 

■■ 2 eoa l/s (A + B) eoa 1/2 (A — B) 

- -2 atn Va (A + B) atn i/a (A - B) 
. **** (A + B) 

eoa A*coa B 


51. ten A 

52. atn* A 
58. eoa* A 


tonB 

atn*B 

a<n*B 


atn (A — B) 
cos A-cos B 
cos* B — cos* A 
eoa* B —• atn* A 


sin (A + B) atn (A 
eoa (A + B) eoa (A 


B) 

B) 
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Givsn Data I To Find 


Fonuulaa 


Two Angles and a i . rr 
Side ^ 

®> ArAR 


Two Sides and an 
An^OppositeOne 
of lliem B, C, c 

a, b, A 


, ain B sin (A + F) 


sin A sin A 

C - 180“ - (A + B) 

o* sin B • sin C 

■K " TT *-:—:- 

2 sin A 


If a < b and A > 90“, or if a < b sin A and A < 90“. 
No solution. 

If a ^ b, or if o b ain A. One solution. 

If a < b, but > b ain A, and A < 90°, there may be 
two solutions. 

If sin B w (b a) sin A, B may have two values, say 
Bi and B*. 

Cl - 180“ ~ (A + Bi), Cl - 180“ - (A + B|) 

sin Cl sin Ci 

Cl - o • —T- Cl - o • —:—; 


ain A 

K ■■ l/a obtain C 


ain A 


Two Sides and the ^ » 
Included Angle ® 

a^b, C 



i/a (A + B) - 90“ - i/a C 

ton 1/2 (A - B) - . ton Vt (A + B) 

0 + 0 

A - 1/2 (A + B) + i/a (A - B) 

B - 1/2 (A + B) - 1/2 (A - B) 

ain C . sin C 
c - a • —r - b • —~ 

sin A sin B 

c - (g + b) - (g ~ b) 

^ cos 1/2 (A - B) ^ ^ainl/ 2 (A-B) 

X •• 1/2 ah-sin C 


Let B 1/2 (a + b + c) -• the semi-perimeter 

. *. ^ -i /(« — b) (a — c) 
atnl/gA - 


cos l/t A 


ton i/a A 


/a (a — o) 

» be 

/(a — b) (a c) 
I sis-a) 


sin A ■■ r* Vs (a — o) (a — b) (s — e) 

.. « « /(• -a) (s- e) 

tan Vi B “ 

C- 1 80“ ~ (A + B) _ 

X « Va (a — o) (a — b) (s 
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ANALYTICAL GEOMETRY 


16. STRAIGHT LINE 


Kcetangnlftr and polar coordlnatai (fig 61). Rectangular coordinates (x, y) And 
polar coordinates (p, 0) of any pointP are related thus: x"‘p eos $; y^p sin 8; «*+y**P*; 
ton 8 y -t- X. 

Seta.—The x'm and y’n in following formulas are rectangular coordinates. 

y\ 



Fig 61 


Fig 02 



Fig 63 


Mopa. The slope of a line is the tangent of the angle a from the x-azis to the Hne. 
It is denoted by m, m » ton a. If two lines are parallel, their slopes, m and m', are equal. 
If the lines are perpendicular to each other, m — 1 -i- m'. The slope of the line through 
A {^u vO nnd B (x%, ys), Fig 63, is 

“ (vt — yi) (x2 — xi) 

XNftaace between two points, A (xi, yi) and B (xj, yt) is 

d •« V (xi — xj)* + (yi — yi)* 

Line dieidad in given ratio. The coordinates (x, y) .of the point that divides the line 
from A (xi, pi) to B (xt, yt) in the ratio r are 

X = (n 4* rxt) + (1 + r), y = (yi + ry*) + (1 + r) 

Xqnatlon of straight line. Every equation of the first degree in x and y, as Ax + 
Bb + C - 0, represents a straight line. Its slope is— A B. 

Line with slope m and y-intercept b, y = mx + b 

Line with slope m and through point (x', y'),y — y' ^ m (x — x') 

I^e through two points (x', y') and (x", y"), (y —y') (y"—y') “ {*—x') + (x^—xO 

Line with x-intercept a and y-intercept fc, (x + o) -1- (y + 6) = 1 
Angle 8 from line with slope m to line with slope m' is found by 

ton d = (to' — to) -1- (1-|- totoO 
Distance from point (x', yO to line Ax + By + C* = 0 is 

d » (Ax' + By' -h C) + Va* + B* 

Area of triangle with vertices (xi, yi), (xi, yi), (xi, yt) is 

A — [xi (yi — yi) + x* (yi — yi) ■+■ x» (yi — yj)] + 2 


17. CmCLS 

Equation. The equation of the circle with center at the origin and radius r is x* + y* ■■ 
r*. If the eenter is (a, b) the equation is (x — a)* + (y — b)* r*. Every equation oS 

tbefonn 

X* + y* + 2 Ax 4- 2 By -b C ■ 0 . ■ .(C) 

rifprneMits a circle. The center is (—A, —B) and the radius, VA* 4- B* — C. 





Fig 64 


Fig 65 





HTPERBOLA 
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'Tftsgaitls. Equation of tangent to the cirde ** + y* * r* «t the point (a^t yO on the 
curve ux'x + y'y — r*. Equation of tangent with alope m, y * ma; db Ir Vl + m* ’ 
length of tangent froiq any point.(a^i y') outaide the circle, to.any other dreie, 
a:* + y> + 2 A* -J- 2 By + C7 • 0, is 1 - V*'* + y'* + 2 vLe' + 2 By' + C 

Circle through three points. To find equation of circle through three points, as (3, }), 

1, 2), (6, 4), substitute these padra of values for x and y in the equation (C) above, and 
find A, B, C from the resulting 3 equations. 

Polar equation. Origin on circumference (Fig 65), diameter a along initiad line, 
equation of circle is p » a coa 0. Diameter along line 90° from initial line (1^ 66) is 
0 «■ a am 9. 

18. ELLIPSE 

Equation of ellipse with center at origin and foci F' and F on the x-axia (Fig 67), is 

(X* ^ o*) + (y*b*) - 1. (E) 

where a is'the major semiaxis and b the minor semiaxis. 

Distance OF * Vo* -- b*; distance BF ■= OA « a; focal width QR ■■ 2 5* + a. 

Eccentricity e of ellipse is e = Vo* — 6* 4- o = OF + OA, 
and e is always less than 1. When e is nearly 0, the ellipse is 
nearly a circle, and the foci are near the center. When e is 
nearly 1, ellipse is long and narrow, and foci are near ends of 
the major axis. If two ellipses have the same eccentricity, the 
ratio of semiaxes, a ; b, is the same for both, and conversely. 

The equation (x* o*) + (y* 4- 5*) *= * where a and b are 
fixed, represents, whenever any positive value is assigned to k, 
an ellipse; and all these ellipses have the same e. 

Confoeal elUpses. If two ellipses (x*4- a*) -|- (y* b*) = 1 

and (x* 4- o'*) + (y* 4- b'*) = 1 have the same foci, then 
«* - = a'* - b'*. That is, a* - o'* = b* - b'*. 

Focal radii to the point P (x', y') on the ellipse are F'P = a + ex' and PP 
This makes P'P + FP = 2 o = A'A. 



Fig 67 


a — ex'. 

Tangent to the ellipse (Eq E, above) at (x', j/) on the curve is (x'x 4- o*) + (y'y 4- b*) 


mx 




o*TO* + b*. 


» 1; with slope m, y 

Diameters (Fig 68). Equation of diameter AB, which bisects all chords having 
alope m, as CD, EF, in ellipse (B) is y — (—b* + ahn)x. If the slopes m and m' 
of two diameters of (B) are such that mm' = —b* 4- a*, each diam bisects all chords 
pandlel to the other. They are called conjugate diameters; for example, AB and JK. 



Fod on y-azis (Fig 69). If the foci of an ellipse are on the y-ax is, its e quation is (B) 
as abo ve, but b is th e major semiaxis, a the minor, so that OF — Vb* — o*, AF » b, and 
a » V(b* - a*) + b. 

Politf eqoatioA (Fig 70). Initial line along major axis of ellipse, origin at left-hand 
focus is p b* + o(l — ecoa 9). W ith origin at right-hand focus, p “ b® 4- a(l + ecoa9). 
l^th origin at centw, p* b* 4- (1 — a* cor® 9), where a is the eccentricity. 


19. HYPERBOLA 

Equation. Equation of hyperbola having foci F' and F on the x-axis, origin at oenter 
(Flg.71); 

. , (x*-*■ o*) — (y* b*) 1. 
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iAer»aii the prinoi]»l semiudi, b the oonjugaie Mmiiuds. Dutaaoe OP V'«*+ V •» 
JBA, A being one end of principal asie, B one end of oonjugate azia. Focal width » 
2 b* o. 

Aaymptotei. Equations of asymptotes to hyperbola (17): oy ~ bx and ap •"—bt. 

If 2 oe is the angle tetween the asymptotes, tan a ■* b a. 
If F is any point on a hyperbola, the product of perpen¬ 
dicular distances from P to the asymptotes is constant, 
and is equal to e*b* + (o* + b*). 

Eccent ricity of hyperbola is greater than 1: e 
Vo* + b* + o ■■ see a, where a is half the an^e between 
the assnnptotes. When e ■ VS “ 1.4 +, the angle 2 a 
between the asymptotes is a right angle. When e > 
2a> 90°; and when e is between and 1, 2 a is be* 



Kg 71 tween 90“ and 0“. 

If two hyperbolas, such as (H), have the same eooe^ 
tricity, they have the eame asymptotes, and conversely. They also have the same ratio 
of semiazis, a: b, and ronveisely. 

The equation (*'■* 4- o*) — (y* 4 b*) Jb, where a and b are fixed, but k may take various 
values, represents various hyperbolas, all of which have the same ratio of semiazes. The 
semiazes are O'x/I and bVh. 

Focal radii to any point P (x', y'} on hyperbola (H) are 
F'P “ ae + x' and FP ce — x' (« = eccentricity). So that F'P — FP •• 2 o A'A. 


Tangent to n,rperb(^ (H) at (x^ y^) on the curve is (x'x 4 o*) — (y'y 4 b^ *■ 1; 
with slope m, y — mx ± Vo»m* — b*. 

Diameter (Fig 72). Equation of diam which bisects all chords of hyperbola (17) 
that have (dope m is y "i (b* 4 a*m) x. If the slopes m and m' of two diameters of (.H) 



Fed on y-azis (Fig 73). If the foci of the hsrperbola are on the y-azis, origin being 
at center, the equation of the hyperbola is 

(y* 4 b*) — (x* 4 o*) — 1 (H') 

idiere b is prindpid semiazis, and a is conjugate semiazis. In this case, 

ecoentridly e ■■ Vo* + b* 4 b; asymptotes are ay » bx imd ay — bx. 




Gaillivate hyperbolas, that is, the hyperbolas ( H) and (170, have the same asymptotes 
(FSpl t4). The diam whidh Usacts a set of para^ chords in one bisaoto the aaipo set of 
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puralkl ehordfl in the other. The two eegmenta intercepted <m any line by two 

conjugate hyperbolae are equal, Eeoentricitiea a and e' ot conjugate hypt^bolae ate related 
thua: (1 + «*) + (1 + «'*) * 1. 

Rec t a n gu l a r or equUaterel hypetb^ ie one having its axes equal, so that o h. The 
eifua^n (H) is then x* — » a*. (N'O 

Asymptotes of (H") are p>erpendicular to Much o^er. 

Asymptotes as axes of coordinates (Fig 75). In this case, the equation of the rec¬ 
tangular hsnperbola is xp » a* *i- 2. If the hyperbola is not rectangular (Pig 76), the 
aeymptotes are not per- 
jMndieular. But if ^ey 
are taken as axes and the 
coordinates x and y are 
measured parallel to the 
asymptotes, the equation 
of the hyperbola is 

4 ®p * «• + &• 

Polar equation is same 
as for ellipse, with — b* in 
place of b*. 

Confooal hyperbolas. 

If two hyperbolas, 

(*• + o*) - (p» + b*) = 1 
and (x* + o'*) (p* + b'*) = 1, have the same foci, then o* + b* == o'* + b'*, 

Confoeal ellipse and hyperbola. If an ellipse and a hyperbola have . same foci, 
they intersect at right angles (Fig 77). 




20. PARABOLA 


Squation. With focus on x-axis and origin at vertex, equation of parabola is p* » 
4 px, where p ^ OF » distance from vertex to focus (Fig 78). If p is positive, parabola 
runs to the right; if negative, to the left. 

Focal uidth, QR = 4 p. 

Focal radius to any i>oint P (x', p') on parabola is FP =* p + a/. 

Tangent to parabola p* = 4 px at (x', on the curve is p'p = 
2 p (x + x'); with slope m, p = mx + p -i- m. 

Diameter. Equation of diam bisecting all chorda of parabola p* » 
4 px that have slope m is p = 2 p -i- m. Every diam of a parabola is 
parallel to the axis. 

Focus on p-oxis (Fig 70). Equation of parabola 
having focus on p-axis and origin at vertex is 
X* “ 4 pp, where p = OF. This parabola runs in 
direction of positive end of p-axis (usually taken 
upward) if p is positive; in direction of negative 
end of p-axis if p is negative. 

Polar equation of parabola, origin being at 
Fig 78 vertex, p = 2p+(l — cosfO* KgT# 


Y 

R 

j 



K 


0 


LA 





\ 

> « 




21. CURVES IN GENERAL 

An equation of second degree in x and p, 

ox* -f* 2 bxp -H bp* -J- 2 gx + 2 /p -1- c “ 0 (<7) 

represmts’a conic section: an ellipse, if b* < ob; an hj^rbola, if b* > ob; a pmbol^ if 
b* •• ob; a circle, if o ■■ 6 and b 0. In the special case where abc — aj* — bg 
eb* + 2,fgh •" 0, the curve breaks down into a pair of straight lines, or a point. 

InelinatiMi of svis. The angje 6 of inclination of the principal axis of the conic (<?) 
to the x^^s is given by ten 2 fl *= 2 b + (o — b). 

Center (x', p') pf ellipse or hyperbola is found solving simultaneous equatioDs: 
a*'+ V + g “ 0, Ax'+ bp'-f/*= 0. ... 

Intoneqfions of two curves are found by solving their ^uations as simultenMus. 
Intoreepts. To find x-intercepts of a curve, set p =* 0 in its equation, and solve for x; 
"to find p4ttteroepts, seba-* 0 hi ^e equation, and solve for p. 
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Special Carvea* lAgaritiimio and ezpcnieatial eurvw, and the ^oiaidt 





V-log„x(Fig80) j/-e*(Fig81) { J U (i I {) } 82) 

Change of azea changes the equation of a curve. To find the new equation, when 
origin is moved to the point (h, k), axes remaining parallel to old positions, substitute 
X + A for X, and y + ktoT y. If axes are rotated through angle 9, with origin unchanged, 
substitute x coe $ — y tin 9 for x, and x nn 0 + V cos 9 for y. 


22. SOLID GEOMETRY 


Distance from Pj (xi, yi, st) to Pt (xi, pi, 22) is 

d = V (X2 — Xi)* + (ya — »l)* + (S2 — 2l)* 


4 



Also, PiQ — X 2 — XI, QR <» 1/2 — Vi) PP 2 *t “ Si, these 
segments being parallel to the axes (J^g 83). 

Direction cosines of P 1 P 2 are 


Xi — Xl 


C08 P 



cos y 



where d is the distance from Pi to P 2 , given above. The 
sum of the squares of direction cosines is always 1 ; cos* a + 
cos* P + co 8 ^ -y » 1 . If the direction cosines of a line are 
proportional to a, 6 , c, they are co«a»ojj-A, cos /9 
6 -J- A, cos 7 c A, where k ■■ Vo* + h* + c*. 


Plane.* Every equation of first degree in x, y, and s, as Ax + By + Cs = D (P) 
represents a plane. Its intercepts on the x-, y- and s-axes are D -i- A, D •¥ B, D + C. 
If the plane goes through the origin, D 0. The direction cosines of a li ne perpendicular 
to the plane are cos a A 5 , cos d ■» P + g, cos 7 » T 9 , where q *■ Va* + S* + (?*. 

Distance from point (x', y', s') to plane (P) is r «« (Ass' + Bj/ + Ca' — D) + g. Dis¬ 
tance from origin to plane is p == D -h g. 

Angle 9 between two planes, Ax + By -f- Cs = D, and A'x -f- B'y + <Fs ■> D', is 
given by 008 0 - (AA' + BB' + CC) A- Va* + B* + C*-Va'* + B'» + C'>. 
or ' cos 0 cos a COB «' + cos d co» + CO* 7 <»» V 

where cos a, cos p, cos y are direction cosines of a perpendicular to one plane, and cos 
cos <!** y' uw direction cosines of a perpendicular to the other. Anoub bbtwbbn two 
UNBS, the direction cosines of which are known, is given by the second of the foregoing 
formt^s. 

Perpendicular lines or ^hnes. Two lines are perpendicular if 
cos ct cos + cos p cos P* + cos y cos y' * 0 

The same condition holds for planes. More simply, the two planes 
Ax + By + Cs “ D and A'x + B'y + C's »» IF 
are perpendicular if AA' ■+• BB' + CC" «■ 0. 

Line of intersection of tiro ^anea. Ax -f By + Cs <« D and A'x + B'y + C's * IP. 
has the direction oosmes: cos a ■* a + s, cos p "• b -i- s, cos 7 ■■ c -f* s, where 

o - BfT - B'C, bm AC'- A'C, e^AB'- A'B, and s - Vo* + 6 * + c» 

Xfoatioas of atraight line through two points (xi, yi, si) and C**> VSr.ai}: ' ■ 

I') (x -> xt) -f- («t «i) * (v ^ vi) + (y» ~ ih) ■“ (**■ * 1 ) + j(»* ^ * 1 ) 

Equaf^fans of line throngh (m, yi, si), irith direction ooaines c(^ a, cm |f, cos 7 : 

(x — xi) + «M««»<y-'yi)**-cM/f»(a —si) r . 





SOLID GEOMSTBT 
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PUm throagh «hr«f pdoti, P («i, vi. *i). Q (^i, yt, ci), B {•*, Vt, «). The equation 
of the plane nay be taken <aaaiE 4 ’htf + cs«>l, by dividing (P) above by D, Unieaa 
D ■■ 0. Substitute in this equation, for x, y, and s, the coordinates of P. then those of 
Q and finally those of R. This pves three equations, from which the unknowns a, b, and o 
can be found. This process fails if the plane through P, Q, R goes through the origin, 
in which ease, the equation is Ax + By + C* * 0, and nay be divided by A, becoming 
g' + “ 0. 

Sphere. Equation of sphere, with center (a, b, c) and radius r, is 

(x — o)* + (y — h)* + (* — c)* «= r* 

Cylinder. Equation of circular cylinder, with axis on s-axis and radius r, is x* -f* V* 
r*. Every equation containing only two of the variables x, y, 2 , represents in solid geom> 
etry a-cylinder, the base of which is the curve determined in one of the coordinate planes 
by the given equation. 

Surface of revolution. If any curve y = / (x) rotates about the x>axia, the equation 
of the surface generated is y» + 2 * -* [f (x)]*. Thus, if the ellipse (x® -h a*) + (y* 4- 6 ^ — 1 
(that is, y ■* (6 4- a) Vo* — x®) rotates about the x-axis, the equation of the resulting 
ellipsoid of revolution is y* + ** ■■ (i>* 4- o*) (o* — x*), or (x* 4- a*) + (y* 4- 6*) + 

W -5- c*) - 1. 

> Intercepts. The x-intercept of any surface is found by setting y = 0 and 2 » 0 in the 
equation of the surface; similarly for y and 2 intercepts. > 

Traces. The trace of any surface on the xy-plane is the curve found by puttings = 0 
in the equation of the surface; similarly for the xs-trace and ys-trace. Thus, the xy-trace 
of the plane 2x — y + Ss-'llis the line 2 x -* y = 11. The yz>traee is—y + 3s=» 11. 

Cross-section of surface. The equation of the cross-section of any surface the equation 
of which is known, taken parallel to the xy-plane at the distance k from the xy-plane, is 
found by putting s « k 
in the equation of the sur- 
Taoe. For cross-section par- 
ailel'to ys, put x »= fc. For 
cross-sec parallel to xx, 
put V ^ k. Thus, cross- 
sec of sphere x* -H y* + 
s* » 36, parallel to xy at 
distance s = 2 , is x* -H 
y* -f- 4 ™ 36, or x* -f- y* = 

32. It is a circle with 
radius V^- 

Dip and strike of strata. 

(See also Sec 10.) Sup¬ 
pose three points of a 
stratum (Fig 84), which is 
approx a true plane, are 
determined as follows: 



Point Latitude Departure Elev x 


6 . -312.5 305.4 517.4 0 0 0 

p. -624 2 124.6 759,7 -311,7 -180.8 242.3 

Q , . . . - 48.0 558.7 621.4 264.5 -253 3 104,0 


Take a horia plane through the lowest point O as xy-plane, and the vertical through O 
as z-axis (elev). Then the coordinates of O, P, and 0 are as above. I.et the equation of 
the stratum pKna be x 6 y + c* - 0. (See Equation of Plane Through Three Points 
above.) Substituting the coordinates of P, and then of Q, for x, y and s, 

—811.7 — 180.8 b X 242.3 e — 0, and 264.5 -f- 263.3’l> + 104 e - 0; 


ot 0.746 b + c - -t- 1.286, and 2.435 b c - - 2.543. Hence b - - 2.267, e - 2.9^7. 
and the equation ol the stratum plane is x — 2.267 y + 2.977 * ■= 0 (o) 

Equation of xy or horis plane is** 0 , or0 x-H0 y + **0 (H) 

As dip the i^n glA between (iff) and (S) (see Angle between Two Planes), 

1 X 0 - 2.267 X 0 + 2. 977 X 1 ^ ^ 

^ CO* d * /jj ^ (—2.267)* + 2.977* X VO* + 0* + I* 

■ 89'* 40' * <Up. 
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To find tha otrike, find the intarwetion of atratum {dana CS) witla Imia plana (£t). 
That ia, put a ■■ 0 in E<) OS). Tfaia girea tha horia Una 

« 2.267 y 0, or V » 0.441 s (£) 

Tha dope of this Una, Mn «, is the tangent of the oomplement ot the strike angja. But 
t 0 n« • 0441. Hanoe, a « 23* 60', d » 90« - a • 66 * 10', and strike - N 6 d* lO'E. 


CALCULUS 


23. DERIVATIVES 


Let / Or) be any function of x, and denote it by y; then y ■■ / (a). When w ehangea 
by any amount, Ar, then y changes by some amount, dy. The derivative of the funotion 

with respect to x, denoted by ^ or/' (x), is 


Umit^ 

4x^0 dx 




dx 


f(x) 


'For a table of derivatives see Art 25. (Ssrmbol = means “approaching.'*) 

Slopa. Value of the derivative for a particxiiar value of x, x » Xi, ia the dope of the 
•urve y ■■ / (x) at the point (xi, yi). 

Tangent and normal. Equation of the tangent to any curve v = / (x) at any jx)int 
(*i, yi) ia y — yi = /' (xi) (x — xx), where/' (xi) denotes the value of /' (x) when x =• xx. 

Equation of normd at (xi, yi) is y — yi »= (-- 1+ /' (xi)) (x — xx). 

Mazinia and minima. To find maximum or minimum of a given function / (x), set/' 
(x) ■■ 0 and find its roots, say x » xx, x xt, ... Then / (x) has a 

maximum for x xx if /" (xi) is negative, 
minimum for x » xx if /" (xx) is positive, 


where/" (xi) means the result of substituting xi for x in/" (x), the second derivative of / (x) 
with respect to x. 

If, however, /" <xi) “ 0 , compute /'" (xi), /"" (xi) and further derivatives, until one 
of them, say the kth, is foimd which is not xero when x = xi. Then / (x) has a maximum 
for X Xx if k is even and /* (xx) is negative, a minimum if k is even and /* (xi) is po^ 
tive, but a point of inflexion on a horisontd tangent if k is odd. 

Point of inflexion. To find points of inflexion of the curve y / (x), find the roots of 
/" (x) « 0. Any such root xi gives a point of inflexion, unless/'" (xi) » o also. For this 
exceptional case, see preceding note. 

Cnrvatore. Curvature k of curve y =» /(x), at any point (x, y), is 

fc - (*) -*■ ^(1 + 1 / (*)]*)• 


Radius Ji of curvature is the reciprocal of curvature, E ■■ 1 k. 

Center (a, &) of curvature, 

o - X-/' (X) (1 + [T (*)]*)-^/" (»), and l»-y+(l + |/'(x)]*)+/"(x) 

Ani^e from radios vector to tangent, in polar coordinates. If the equation of the curve 
is p /(d), the angle ^ from radius vector to tangent is given by ton ^ * p(<fd + d). 

Tayl^e aeries for expanding a funotion /(x) in powers of x — a, with certain re8trie> 
tions, is 

/(*) - Aa) + AW (X - o) + l/"(o) (X - o)* + 2!l + [/"'(o) (x ~ a)» + 31] + • • 
where 81 denotes 3*2*1. If a 0, it becomes Maclaurin’s series, 

/(») -/(O) +A(0)x + [/" (0) x» -i- 2f] + [T" (0) + 3!) + • • • 


4 Usually this series is more and more nearly equal to / (x) when more and more tenns 
gre taken, but there are many exceptions. 

Detivitlve of arc. If s denotes length of arc of a curve y « / (x), a varying as tihe 


poin4 Si) moves along the curve, thou ^ « '\/l + 

Ahadlion of afanction. If y is a funotion of w and u is afunetkmof x, ^majrhoioand' 
du'^dx 





TABLE OF pERIVATrVES 
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24. miBGRATION 

IntccnL The of/ {x), deooted by <fe« meaiie the function of which 

the derivetiTe is / (x). For example, J '3 x* dx — x* + C. C being any constant. 

For a table of integrals of a few functions, see Art 26. 

Deflnite IntegraL The symbol /(x) dx denotes the result of fiwrfmg J'f (x) d^, 

substituting in the resulting function b for x, then a for x and subtracting, thus: 

f {x) dx ^ ^ (J>) — 4t (o), where ^ (x) -y"/ (x) dx 

Ihe definite integral gives the value of the limit of the sum of terms, constructed as 
follows: Divide the interval from a to b into n equal parts, and denote the absmsaas x of 
the points of divimon by xo, xi, xi, ... Xn, xo being a and Xn being b. Let each part of* 
the interval thus divided be Ax. Then 

r f (x) dx » limit [f (xi) Ax + / (xj) Ax + • • • + / (Xn) AxJ 

flsfaOO 

Area. In rectangular coordinates, the area imder the curve v ■■ / (jt), i nc luded 

between ordinates, at x ™ o and x ■■ b, is A <» J' f{x) dx. If the'curve crosses the x-axis 

between a and b, compute area to crossing, and ^en beyond. In polar coordinates, area 

between the curve p “ / (ff) and two radii at d « 0 i and d dj is given by A — i/j dd. 

For double integration the element of area dA is dA dy dx, or dA » p dp dd. 

Length of arc of curve y » / (x) from Pi (xi, yi) to Pj (u, yi): 

..nvr + m* dx, where m ^ f {x) 


also, « ■ dd, where * ■ ^ 

Volume and surface of revolution. If the curve y — f (x) revolves about x-azis, the 
volume generated by area under the curve and between ordinates at x xi imd x xt, 

is F B X / y* dx, and surface generated by arc of curve is 
Jxi 

S - 2 x / xVl + m* dx, where m f (x) 

Water pressure. Pressure on vertical area boimded by the curve y = f {x) and two 

pvt 

horjanntal Unes at y >■ yi and y -> yi is P « Ic I bw dy, where h is the depth below water 

•'vi 

surface of a narrow boris strip at distance y 2 

from origin, w is the width of this strip, p . 

■ and k is weight per unit voliune. h and to j J 

must be expressed in terms of y before pro- j x — 

seeding with the integration. | 

Element of volume, multiple integration, 

Element of volume imder surface the equation ™ ^ 86 

of uduch is s » / (x, y): 

dF - s dx dy, for double integration I „„tangular coordinates. 
dV dxdx dy, for triple mtegration j 
dV p dp d6 dx, cylindrical coordinates. 
dF •" p* sin d>dd>d6 dp, spherical coordinates. 

26. TABLE OF DERIVATIVES 


fig 86 


In tltis table w and » denote functions of x; a, e, and n are arbitrary constants: 

d d n n-i 

“ _ A __ at" M wssa" a —■ 


f>«-0 

dx 


s“ - ^ (where s - 2.718-I-) 

dx dx 

d „ 
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)U.n[HEllATIC8 AND liXCBANlp^ 
Tabl* of D«rivatlT«o iContiimtdi 


1-1 dtt , 

s+ 

tt ds 

d 

— esctt — 
dx 

1 ^ 


ween***! ril 

u dx 


nn lA "■ 

dx 

logisc 

du 

d 

tt 

dx 

— COS~* tt — 
dx 


das 

-tab, 

£'°*» 

d du , . 

atnu "• eoau-j- (umndioiia) 
ax ax 


du 

^dx 


Vl — tt**** 


du 

I 

1 du 


nn u ■ 
dx dx 


du 

da 

du 


■r-tanu ■■ «oc*« , 
dx dx 

d . , du 

-r-eotu ^ — etc* tt — 
dx dx 

d , du 

dx dx 


Vl — 

d . 1 du 

— iOift ^ tA ■■ '■■■—'■■■'■’ ■ '■I 

dx 1 + u» dx 

d 1 du 

•— cot * lA ^ - z —“ 

dx 1 + u* dx 

d _i 1 du 

dx „ Vm* — 1 dx 

d 1 du 

dx II Vu* — idx 


26. TABLE OF INTEGRALS 

The baae e (Nsperian vstem) is aaeumed for loganthme unlew otherwiw noted. A 


eonetont C is understood to be added to each result 

/ /* 

dx«Bx4-C J x^dx ^ ^ , except when n — I 

/*'■*"/?-*o«» -;>».(« +k) 

J"(flx + 6)** dx ■■ • except when n — 1 

*!>««> o»<i»>o 

/ dx 1 , Vox -Vb ^ ^ „ ...... 

—;- 7 *-= log —T=- 7 =., when o > 0 and o > 0 

ox* — 6 2 Vob Vox + Vb 

J' Vx* + o* dx ■> i/s [x V X* + o* + o* log (x + Vx* + o*)J 
y* Vx* — a* dx ■» same as above, with — o* for a* 
y*Vo* — X* dx l/j ^x Vo* — X* + o* s»n~' 

— mt a%n~'‘~ f tan xdx <■ — log eoax 

Vo* — X* ® 

flog xdx •" X (log X — 1) J"cot X dx •• nn X 


f logio X dx - X logio 

y*xs* dx — e* (x — 1) 
y*sin X dx — cos X 

J" eoa X dx "• $in X 


4 

stn 2 x 


feoa*xdx^^ + ^ 


f aeexdx ^ log (seex 4 * tenx) 
y*see* X dx ■■ ten x 

J'eaexdx •" log (ese x — co( x) * log ten 

y*ese* X dx — col X 

/* sin X dx Mi stn x x eos x 

y*x* stn X dx ■■ 2 X stn x + (2 — x*) cos X 

y*xCosxdx <■ eosx + xstnx 

f X* eoaxdx ■> 2 xeMx + (x**- 2 )stnx 


tOIH 
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STATICS 


27. DEFmmONS 


Mcchaniei is that branch of science which treats of forces and motion. Statics deals 
with the action of forces on bodies at rest. Dtnauxos deals with the action of forces on 
bodies in motion. 

Force is that which changes or tends to change the state of rest or motion of a body. 
A force is completely specihed by its magnitude, direction and point of application. The 
word BXNSB as applied to a force refers to one of the two directions along the line of action 
of the force. The effect of any force applied to a rigid body at rest is the same, no matter 
where in its own line of action the force is applied. This is known as the principle of the 
TSAiraMiBSiBipnT OF FOBOB. A force may be represented graphically in magnitude and 
direction by a straight line drawn parallel to its line of action, the length being proportional 
to ^e magnitude of the force; its sense is indicated by an arrowhead placed on the line. 
The English engineers’ unit of fobcb is the pound, or the earth's pull on a mass of 1 lb. 
A drawing which indicates the lines of action of the various forces 
acting on a machine or structure is called a bpacb diagram; the 
part in which vectors are drawn to represent the magnitudes and 
directions of the forces is a vbctor diagram. A force is indicated 
on a space diagram by two lower-case letters placed on opposite 
mdes of the line of action of the force; the vector, representing its 
magnitude and direction, by the same capital letters placed at the 
ends. Thus, in Fig 87, AB represents the magnitude and direc¬ 
tion of the force W, and ab its action line. The vector being read 
as AB indicates a downward sense; read as BA, an upward sense. 

Forces are elasrified according to the arrangement of their action lines: 

1. Coplanar: o. concurrent; b. nonconcurrent; e. parallel 

2. Noncoplanar: a. concurrent; b. nonconcurrent; c. parallel 



Any number of forces taken collectively is a system or set of forces. A system is 
coplanar or noncoplanar according as the lines of action of the forces do or do not lie in the 
same plane, and is concurrent or nonconcurrent according as they do or do not intersect 
in a point. Two or more forces which are the equivalent of a single force are oomfonbhts 
of the force. The operation of replacing a system of forces by a simpler system is called 
couposmoN of forces. Rbbodution of forces is the operation of replacing a single force 
by a system of forces. Rbbui/tant of a force system is the simplest equivalent system. 
In some cases the simplest equivalent is a single force; in other cases, it is a couple; in 
Still others it is a pair of forces which are not parallel and do not intersect (noncoplanar). 


28. RESULTANTS OF CONCURRENT FORCES 

Resultant of two concurrent forces. PARAUUUiOORAM daw. If two concurrent forces 
P and Q (Fig 88), acting at the point O of a body, are represented in magnitude and direc¬ 
tion by the adjacent sides OB and OA of parallelogram OACB, their resultant is represented 
by diagonal OC passing through point of concurrency O. Trianqub law. If in the 
triangle ABC (Fig 89) AB and BC represent two concurrent forces in magnitude, direction 




and sense, then AC will represent tiieir resultant in magnitude, direction and sense; its 
action line will be oc, thipugh the point of concurrency parallel to AC. The resultant may 
be found algebraically thus: In Fig 90, let a be the angle between the action lines of forces 
P and Q, and 9 tiie angle between R and P. Then, R* P* + Q* + 2 PQ cos a, and 

tan 9 m — If«-90*.R»-P* + «*.andtenff-0 + i». 

P + Qewa 
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MATHSMATICB AND MECHANICS 


A force may be resolved into an infinite nombw of pairs of components (xmatruoting 
different triangles as in Fig 91. The action lines of ^e components must be concurrent 
gt a point on the action line of the force. A common probl^ hi to resolve a force into 
reetimgular components (often called resolved parts). In Fig 92, AB and BC are the 




Fig 92 


rectangular components of the force P. Expressed algebraically, AB » P cos oi and BC » 
P svn a. In general, the resolved part of a force along any line equals the magnitude of 
the force times the corine of the angle between the lines of action of the force and its 
component. Action lines of the components are oonomrenl on the space diagram at some 
point on oe, as at D or D'. 

Resultant of coplanar concurrent forces is found graphically as follows: In Fig 93, 
consider body Q acted on by the 4 forces shown. Construct a force polygon. Plat AB 

parallel to ab, and scale it to repre¬ 
sent 60 lb; from B plat BC parallel 
to be, and scale it to represent 80 lb; 
in like manner plot CD and DE, so 
that the arrows lead oonfluently from 
AtoE. The resultant of the Qrstem 
is "^AE in magnitude and sense 
114 lb, and its action line is os, 
making an angle of tan~^ 0.146* 
8“ 20' with the horisontal. Alou- 
Biuic aontmoN. Choose rectangu¬ 
lar axes OX and OF. Resolve each 
force into its » and v components, 
considering components acting up¬ 
ward or to tiie light as poritive, 
and those acting downward or to the left as negative. Arrange the results in tabular form, 
placing the forces in the 
first column, the x com¬ 
ponents in the second 
and the y components 
in the third. ZP* * 
algebraic sum of x com¬ 
ponents, and ZPy * al¬ 
gebraic sum of y com¬ 
ponents. 

Then B "• ZP«* -i- ZP^* ■■ VlS 041 » 114 lb. Sense is downward and to the 
right (Fig 94). Tan 0 * * 0.146; 6*8* 20'. If a concurrent system has a 

resultant, it is a single force. 

Resultant of noneoiduua' concurrent forces. Paballblopipudok uw. Considsr 
the 8 rectangular forces, P, Q, and 3 (Fig 96). On these forces constract to scale a paral- 


P,lb 

P*,lb 

Ps,n> 

at- 60 

6c — 00 
ed - 120 
de- 40 

- 60 X 0.707 -- 42.4 
+ BOX 2/y/J -+ 71.4 
+ 120 X 0.066 -+ 104 

- 40 X 0.5 -- 20 

+ 60 X 0.707 +42.4 
+ BOX 1/V3 -+35.7 
-120X0.5 --60 

- 40 X 0.866 --34.6 

ZF, . + 113 

ZFs --I6.5 




FigOt 



Jelopiped. Resultant of th e system is rep resented in magnitude and direction by the 
diagonal; its value is A * Vp» 4. 4. 3*. Its direction cosines with respect to the axes 

are: eo»a"*P’t‘B, eotfi^^Q + R, and cos <y 3 + S. 
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Rtraltaat of oaf munbor of eoneunoat fwreoi. Let the foreee be i^eotfied wHhieepoot 
to 3 recta n gular axes-paasog through the point of concurrency: (a) Reaolve each force 
into componente along the X, Y and Z-azee; ( 6 ) Find the algebraic aums of the a, y and a 
oomponenta. and indicate them by ZF*. ZFy, and ZF*; (e) Find the reaul^t of theae thry 

partial reaultanta by the parallelopipedon law; ita value ia B ■■ V^ZF» 4 - ZFy* + 2Fg* ; 


ita direction anglea are a ■■ coa~^ 


2F, 

R 


« -1 SF„ 

>-g« 


7 ■■ «w 


-,ZF, 


29. MOMENTS AND COUPLES 


Moment or torgue of a force about a point ia the product of the force magnitude and the 
diatanoe from the point to ita action line. Thia perpendicular diatrnce ia called the arm 
of the force, and the point ia the origin or center of momenta. The product ia the meaauro 
of the rotational tendency of the force. The name of the unit of 
moment ia a combination of the munea of force and diatance unita: 
thua: foot-pound, inch-pound or inch-ton. Momenta tending to 
produce counterclockwiae rotation of a body will be conaidered pom- 
tive, and clockwise negative, unless contrary convention is men¬ 
tion^. Thus, in Fig 96, the moment of force P about O = P + OA. 

Moment of force about a line or azia. At any point on ita action 
line, resolve the force into 2 rectangular components, one being 
parcel to the azia. The product of the perpendicular comi>onent 
the perpendicular distance from the axis to the force is the 
moment of given force about the azia Thua (Fig 97), P sin a is the component parall^ 
to ^e azia and it has no turning effect. All the moment or turning effect is caused by 
the perpendicular component, and its value ia P eos a X OB, OE being the perpendicular 
^stance between the axis and the parallel plane ABCD. 

Principle of moments. Sum of the momenta of any coplanar force system about any' 
point in their plane is equal to the moment of their resultant about same point. Thua 
(Fig 98), B is lAe resultant of P and Q, and RXr <= PX p — QX 9 . Sum of the 




Fig 97 



momenta of any force system about an axis ia equal to the moment of their resultant about 
the axis. Thus (Fig 99), B ia tiie resultant of the 3 rectangular forces, P, Q, and S. 
Moment of B about axis X = 5Xp — QX*. P contributes nothing to the moment 
sum, as it ia paraUel to the axis of momenta. In such a case, coimterclockmae moment is 
cidled imsitive and clockwise negative, the observer looking toward the origin O, from the 
positive ends of the azea. Thus, Q has positive moment about axis Z, but negative 
moment about axis X. Moment of a force passing through the origin of momenta is aero. 
, Moment of a force intersecting the axis of momenta is aero. 

Couples. Two equal and parallel forces of opposite sense are called a couple. Ths 
AW OF TBU oouvhK is the perpendicular distance between the lines of action of tte forces. 
Moment of a couple is constant and independent of the origin of moments; it is 
to one of the forces times the arm of the couple. Its sense is i>ositivo or negative acoordi^ 
•8 rotational tendem^ is counterclockwise or clockwise. Couples of ^ual momenta, m 
the or iMAr allel planes, are equivalent and may be replaced one by the other. That is, 
a couple may be twisted or mov^ about in its plane, or transferred to any parallel plane 
without altering the resulting motion of the body on which it acta. ^ 

! Baeuftant of any number of coplanar couples or of couples in parallel planes is a couple. 
Its moment and swiae equal the algebndo sum of the momenta of the component ooupm. 
A eoupla may be ropTnaanted by a vector. Length of the vector to scale represents t^e 
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msignitude of the moment; it is drawn perpendioular to the plane of the couple from aay 
origin, and on arrow is placed on it to represent the way in which the couple would cause a 
right>hand screw tp advance. Resultant of any number of couples Qn oblique or parallri 
planes) is a couple. The composition is effected thus: (a) Reefer the couple vectors to 
tiiree rectangular coordinate axes. (6) Resolve each vector into components parallel 
to the axes, (c) Take the sum of the components along the X, Y, and Z-axes. (d) Rep- 
res enting these sums by HCm, ZCy, SCg, and the resultant vector by C, its value is C 

+ SCy -f SCg. Its direction angles are 

^ _iSC, ^ _.XCy ^ .SC, 

- cos ^ ; i^y - cos 1 ; 4t,>m cos * 



A force may be resolved into a force acting at g chosen 
point and a couple. In Fig 100, Pi is the given force and O 
the chosen point. Through O apply a pair of forces, opposite 
in sense, equal and parallel to Pi. As Pj and Ps balance, no 
change is produced in motion of the body due to this addition. 
Pi and Pt constitute a couple of moment = P X a, which is the 
same as moment of Pi about O; and Pi is a force just like 
Pi, but acting through the chosen point O. Conversely, a 
force and a couple in a plane compound into a single force 
parallel to given force, of same sense and magnitude, and so 
placed that its moment about any point in action line of given 
force is equal to moment of given couple. 


30. KESULTANTS OF COPLANAR NONCONCURRENT FORCES 

Resultant of eoplanar parallel forces may be (a) a single force or (b) a couple. 

Case (a). To find the resultant of the 4 parallel forces shown in Fig 101: 

Graphical solution. (1) Plat AB to represent magnitude and sense of ab; then BC 
to represent magnitude and sense of be; then CD and DE to represent the other two 
forces; (2) choose the pole O in any convenient position and draw the rays AO, BO, CO, 
DO, and EO; (3) from any point on ab, draw strings parallel to AO and OB; from intersec¬ 
tion of ob and be draw oe parallel to OC until it intersects ed; from that point draw od to 
intersect de; then oe to intersect oo at A; (4) AE, from the beginning to the end of vector 
diagram, represents the magnitude and sense of the resultant » 180 lb downward; its 
action line is ae, through K, parallel to AE, 5.3 ft to right of ab. 

The polygon formed on the space diagram is called a string or funicular polygon; its 
sides represent the action lines of the components that replace the parallel forces. Thus 



Fig 101 Fig 102 

BC, acting ^ the line bo, is replaced by SO 140 lb, and OC » 160 lb, acting in the lines 
bo and OC. AO and OB are components of the resultant AE. The object of the funicular 
polygon is to locate one point on the action line of the resultant. 

Algebraic solution. The magnitude and sense of the resultant are given by 12 <■ ZF; 
its position is determined by use of the principle of moments, riie moment of the resultant 
being equal to the algebraio sum of the moments of the forces. Hence arm ■■ ZJkf <4-12. 
It is best to call upward forces positive, and distances to right of moment origin positive. 
For Kilving example shown in 101, tabulate the values as follows: 


Foree, lb 

Arm from M | 

Moment about Af 

Arm from P 

Moment about F 

•*100 

■■ni 

0 


4-000 

- 50 


- 200 



d-120 


+ l 200 


4-240 

-ISO 

■KSOH 

-IfSO 



Sr^^lMlb 

• ZAfir—950ft-Ib 1 

1 ZMrm 

4-490 fb«b , " < 
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R 180 lb downward. Diftanoe from M >■—950 + —180 *+5.3 ft. Diataaoe 
from P +490 + —180 ■■ —2.7 ft. Eitiier of these distances locates the point JC in 
Hg 101, and checks the graphical solution. 

Case (5). SF ■■ 0, and resultant is a couple. 

Graphical solution. Consider the 4 parallel forces in Fig 102. The force polygon 
begins at A and ends at F, the sEune point; hence the resultant is not a single force (this is 
called a dosed force polygon). Construct the funicular polygon as Wore. The first and 
last strings, ao and oe, being parallel, do not intersect. The forces acting in those b'nao , 
AO and OE, being equal and opposite in sense, form a couple. Hence the resultant ot tho 
system is a couple. The forces AO » OE ■■ 750 lb. The arm MN ■■ 3.67 ft. Tho 
moment » 750 X 3.67 » 2 752 ft-lb. The sense, by inspection of the space diagra"', 
is clockwise. The moment of the couple is 
the same, no matter what pole 0 is selected. 

Algebraic solution of the same example 
(see accompanying table): 

Hence the resultant is a clockwise 
couple of moment equal to 2 750 ft-lb. 

8inoe couples of equal moment and sense 
in the same plane are equivalent, it is un¬ 
necessary to give more detail. 

Special cases. Two parallel forces. Case (a). Forces alike in sense. Given the 
2 forces P and Q, located as in Fig 103. The resultant lies between these forces, and is 
equal in magnitude to P + Q. The action line of the resultant is found from the equation. 

a = (Q X b) + P. Case (b). Forces op¬ 
posite in sense. Given the 2 forces P 
and Q as in Fig 104. Resultant lies out¬ 
side of the forces P and Q, is adjacent to 
the larger force, and is equal in magni¬ 
tude to Q — P. The action line of Ihe 
resultant is found from the equation, 
a = (Q X b) -i- P. The sense of the 
resultant is the same as that of larger 
force. In either case, the resultant 
divides the distance between the forces into segments inversely proportional to the 
a^acent forces; or, P-i-5 = Q-«-o = p4 -c. 

Resultant of coplanar nonconcurrent forces. Case (a). Resultant equals a single force. 

Graphical solution. Construct a force p>olygQn as if the forces were concurrent. 
The closing line gives the magnitude, sense, and angulau' direction of the resultant. The 
action line is found by drawing a funicular 
polygon. Thus, to find the resultant of 
the 4 forces in Fig 105: (1) Construct 
the force polygon ABODE; (2) choose 
a convenient pole 0, and draw the rays; 

(3) start at any point on ab and draw 
the funicular polygon; (4) determine K, 
the intersection of the first and last 
strings. This is one point on the action 
line of the resultant. Resultant = AE— 

67 lb. downward to the left, at angle $ «■ 

0 TS4i 

ten“‘ horisontal. Action 

line is ae, parallel to AE, through K. 

Second graphical method. Use the triangle law to find the resultant of two forces. 
Use the same law to find the resultant of this partial resultant and the third force. Repeat 
until the final resultant is obtained. 

Algebraic solution. The resultant is found in magnitude, sense, and angular direction 

/ j "' 

M if the forces were conenrrent: B ^ v 2P« + SF„ , cos 8 « , sin 8 « 

in which 9 is the angle b»< 
tween R and the JP-axis. 
Use the principle of mo¬ 
ments to locate the ac¬ 
tion line.. CIShooBe a 
convenient origin of nao- 


Force, lb 

F,,lb 

F*,lb 

Afc ft-lb 

90 

-50 

0 

+ 150 

70 

-31.9 

-62.4 

-62.6 

90 

+ 7.3 

-20.1 

0 

■ ' ' 

ZF*--‘741b- 

--91.71b 

ZAfa - 07.4 ft-lb 



FiglOS 



Forces, lb 

Arm from S 

Moment about S 

+ 600 

0 

0 

-050 

+ 5 

-4 250 

+ 500 

+ 13 

+6 500 

-250 

+ 20 

-5 000 

•c 

1 

o 


ZAf. - -2 750 ft-lb 
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noate and compute SAT. The arm of the reeultant ZM + B, and is perpendicular to 
the angiilar dinotion of B found above. iZ is so located with respect to the origin that 
the sign of its moment is the same as that of ZJf. As an example, find the resultant of 
the 3 forces in Fig 106. 

S •" V (74)* + (91.7)* ■■ 118 lb downward to the left. 

Angle with X-axis - tan“i - SI* 8'. Ann about O - 87.4 + 118 - 0.74 ft. 

In this case, £ is to the left of O, because its moment must be « SATo ■> •4-87.4 ft4b. 
Case Xb). Resultant is a couple. 

Graphi^ solution. Let forces V, P, Q, T, and S (Fig 107) represent a system of forces 
the force polygon of which closes, and which reduces to the 2 components AO and OP 




acting in eu> and o/. Since these components are equal, opposite and parallel, the resultant 
is a couple. The arm of the couple is the perpendicular distance MN, between the first 
and last strings. The moment is the product of OA (according to force scale) and the arm 
JfN (according to scale of space diagram). The sense of the couple is counterclockwise, 
as fotmd by inspection of the space diagram. The moment » 710 X 3.1 2 200 ft-lb. 

Algebraic solution. Any couple the moment of which equals the algebraic sum of 
the moments of the given forces about any point may be regarded as the resultant. In 
Fig 107, assume forces acting as indicated. The algebraic sums of the x and y oomponents 
are sero. Taking moments about point K, 

ZATjc -1000X6-300 X 10- 200X4 - -f2 200 fWb 
Hence, the resultant of the system is a couple, of moment equal to 2 200 ft-lb and of 
counterclockwise sense. 

31. RESULTANTS OF NONCOPLANAR NONCONCURRENT FORCES 

Resultants of noncoplanar parallel forces may be a single force or a couple. 

Choose a set of 3 rectangular axes, with the Z-axis parallel to the forces, and let the 
positions of the forces be specified by the x and y coordinates of their action lines. As an 
example, consider the 5 parallel forces shown in Fig 108 to be perpendicular to plane of the 
paper. Tabulate the computations as below: 


Fores, lb 

X, ft 

V, ft 

Mx at F Xv, ft-lb 

JMy or ^ X 

+ 10 

mam 

■RBI 

+ 60 

+ 30 

+30 



+ 120 

+60 

+ 20 



-20 

+40 

-40 



+ 40 

+40 

-35 



-35 

-lOS 

2:F--I51b 


■■HIh 

XJfs- + l65 

XMp -+65 


£ a ZF » —15 lb, in the —Z sense, or backward, x* — — —4.33 ft. 

2»r •“Id 

y» — — —11 ft. Hence the coordinates of the action line of the resultant 


are xp, Vm or (—4.33 ft, —11 ft). Position of the resultant is not indicated in Fig 1(^. 
In ^e a||| 0 te oomputaticm, the idgebraic rules of signs for multiplication and division are 
fdlosTisd «hMushout, so titkat the 'ralues of xp and yp may be interpreted algebrsieally. 
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method Hcieee with the tuNud eottvention of ngita for computing momeata about 
the X-axis, but is the reverse of the usual ooaventicHi for moments about the F-axis. 

If ZF -i 0, and If ZJIf« or ZJIfy does not equal aero, the resultant is a couple and not 
a fbroe. The plane of the couple will be parallel to the Z-eixia. Zt is neceesaiy .to deter¬ 




mine the moment of the couple, its sense, and the inclination of its plane with the XZ 
plane. Consider tiie 4 forces in Fig 109 as an example: 


Force, lb 

X, ft 

V, ft 

Jfg, ft-lb 

Ary,fMb 

-1-20 

-I 

-1-2 

+40 

-20 

+40 

-I 

-1 

-40 

-40 

-35 

+ 1 

+ 1 

-35 

-35 

-25 

+ 2 

-1-2 

-50 

-50 

ZF - 0 



ZAfs --85 

ZAfv --I45 


Since ZF 0, the resultant of all except one of the forces, with the omitted force, is 
a couple. Omitting the last force, B 


ZF - +25 lb. Its ** - ^ * 


and Vo "• ■■ “TX? '' —1>4 ft. AB is the arm of the couple, and from the triangle 

•T'SIO 

ABC its length is found to be 6.72 ft. The moment of the couple » 25 X 6.72 « 168 

3.4 

ft-lb. File is angle its plane midces with horis plane. Angle BAC » « 30*21'. 

0.0 


Viewing the couple from plus end of F-axis, its sense is observed to be covintercloclcwise. 

Resultant of noneoplanar nonconcurrent nonparallel forces is generally a single force 
acting at a chosen point and a couple not coplanar with the force. The magnitude, sense, 
and angular direction of the single force is the same as if the forces were concurrent: 


SJP 

B - V(2F*)» + (ZFy)* + (ZF,)*; ’• *• " 


pnA Ji acts through the sheeted origin of reference. To determine the couple, compute 
the sums of the moments of the forces about the coordinate axes of reference. These 
moment sums represent 3 couples, which are axial components of the resultant couple. 
Consider ZAf* as a vector along the X-axis, ZAf y as a vector along F, and ZAf , along Z. 
The moment of tiie resultant couple is C V (ZAf*)* + (ZAfy)* -H (ZAf«}*, and the 
direction angles of its vector are 


4. 






9m 



B and C may be compounded into 2 forces which do not intersect. In a special problem 
Bm C mi^t be soo. Hence, the resultant might be a couple only, or asuMdeforce. 


82. CONDITIONS OF EQUILIBRIUM 

A body is in equilibrium with respect to adjacent bodies if it remains at rest with 
teapeet to them, or if it moves at constant velod^; tiiat is, its state of motion does not 
A foTco S 3 n<tem^is Ux equilibrium if its n^tant is swo. Such a system oausse 
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BO ohutgisin the ^te of motion of the body to which it ie apphed. H a body ie in e<iml^ ' 
rium witii respect to adjacent bodies, then the extbmal force system appUed to it iiln 
equilibrium. By this external force system is mesnt the pull of gravity and aU the pi^ 
or pushes exert^ on the body by other bodies. 

Depending on the kind of force system involved, varying numbers of tests or conditions 
<ouBt be applied to prove that the system is in equilibrium, or that no resultant exists. 
In the usual problem, a body is known to be in equilibrium; hence the system composed 
of all the external forces acting upon it must be in equilibrium. In such case the tests are 
not needed to ascertain if equilibrium exists, but they are used to set up relations involving 
unknown forces, distances, or angles, and the unknown elements are then computed 
provided they are not too numerous. Such computations are conducted either alge¬ 
braically or graphically. (See following table.) 

Special conditions of equilibrium. If 3 forces are in equilibrium they must be coplantwr, 
and must be concurrent or parallel; if concurrent, each force is proportional to the sine of 
the angle between the other two; if parallel, each force is proportional to the distance 
between the other two. If a force system is in equilibrium, the resultant of any part must 
balance the resultant of the other part. 


Necessary independent conditions of equilibrium for the various force systems 



System 

Algebraical 

Graphical 

1 

i 

No 

Conditions 

No ; 

Conditions 

1 

Collinear 


o 

I 

1 

Force polygon closes 


Concurrent 
at point 0 

2 

XFx "• 0, 2fFfi » 0, if the angle 
between x and y does not equal 
180»; or, 2P, - 0, 2Afa - 0, 
if X direction is not perpendic¬ 
ular to aO; or, XMa ■■ 0, XMh 
** 0, if aOb is not a straight line 

1 

0 

Force polygon closes • 

§ 

Parallel 

2 

SF - 0,2Af - 0; or, 2Af« - 0, 
2Afb « 0, if line ab is not par¬ 
allel to forces 

2 

♦ 

Force and funicular 
polygons close.- Lat¬ 
ter item means that 
first and last strings 
coincide 


Nonparallel 

noncon¬ 

current 

3 

2F* — 0, XFy — 0, XM — 0; or, 
2F, - 0, XMa - 0, 2Af6 - 0, 
if X is not perpendicular to ab; 
or, XMa - 0, 2Af6 - 0, 2ilf* 
-i 0, if abe is not a straight line 


Force and funicular 
polygons close 

i 

Concurrent 
at point 0 

3 

2F* - 0, XFy - 0, 2F, - 0; 
or, 2F« in every direction and 
XM aliout every axis <■ 0. Com¬ 
binations of moment and reso¬ 
lution equations can be ar¬ 
ranged, but are not common 

2 

Force polygon closes. 
It is warped; hence 
plan and elevation 
must show closed. 
Not commonly used 

1 

1 

Parallel 

3 

2F, - 0, 2Jlf* - 0, 2Af, - 0, 
forces parallel to r-axis. Other 
combinations i>ossible but not 
common 

1 

Not used 


Nonoon- 

cunent 

ndnparallel 

6 

^ XF * 0, 2F y ™ 0, XF i ■■ 0, 

2ilf, - 0, XMy - 0, 2ilf, - 0. 
2Af about every axis « 0, and 
it is (rften convenient to employ 
more than three moment equa¬ 
tions, instead of using eo many 
resolution equations 

1 

Hie projection of the 
system on any plane 
is in equilibrium, and' 
algebraical or graph¬ 
ical oonditioni can 
be used to solve suoli 
projected lonrtenaa 






































EQXnLIBRIUM PROBLEMS 


36-37 


88. EQUILIBRIUM PROBLEMS 


Owiwsl mediod of solntioiil (a) Sketch or specify the free body that is i& equilUvium, 
and indicate the complete external force system acting upon it. (b) Disoum the problem 
as to number and kinds of unknown quantities, to see if a solution is possible. If the 
first ss^stem tried cannot be solved, separate the original body discussed (say some machine) 
into simpler parts, and sketch and discuss them until one is found that permits of solution, 
(c) Apply the appropriate conditions of equilibrium and solve for the unknown forces, 
an^es, <»* distances, (d) Make use of the acquired information to solve other systems. 

If resolution equations are used, it is desirable each time to resolve perpendicular to 
one of the unknown forces, so as to avoid the solution of simultaneous equations and to 
make the answers independent of each other. If moment origins are used, it is best to 
select them on the action lines of some of the unknown forces. If moment axes are used, 
they should be selected so as to intersect some of the unknown foi ces. Equilibrium prob¬ 
lems can be classified as to the kind of force system involved, and number and kind of un¬ 
known quantities. Following are a few tjnpical problems, with details of their solutions. 

Typical problem I. A btstem of coplanar concurrxnt forcbb is in equilibrium and 
all but two are known; the action lines of these are known, required their magnitudes and 
senses. Ai/GEBraic solution, (e) Assume senses for both unknown forces. (/) Write a 
pair of equilibrium equations involving the unknown forces, and solve for the two 
unknowns. A plus answer indicates the sense correctly assumed. A minus answer indi¬ 
cates incorrect assumption. Graphical solution, (g) Letter the action lines of the 
wholly known forces, and then the action lines of the two imknown forces, (h) Draw the 
force polygon to the end of the last known vector, and close it by drawing parallels to the 
unknown forces through the ends of the first and last vectors, and mark the intersection 
of these lines as the last vertex in the polygon, (t) The senses must read confluently from 
starting point back to same point, the last two vectors 
representing the two unknown forces in magnitude 
and sense. 

Example. Two smooth cylinders rest upon a 30* 
plane and against a vertical wall as shown in Fig 110. 

Determine all forces acting on each cylinder, (a) The 
forces involved are 100 lb, 200 lb, P, Q, R, and S, 
the last four being normal to the surfaces of contact 
(smooth surfaces), (b) Consider the two cylinders 
as a single free body. The external force system is 
100 lb, 200 lb, P, B, and S (Qi and Qt are internal). 

The system is nonconcurrent, so does not come imder 
typical problem I. Consider the large cylinder as a free 
body. The external force system is 100 lb, Q, R, and <S. 

While this system is concurrent, it can not be solved 
because there are more than two unknown quantities. 

Next consider the small cylinder as a free body. The force system is 200 lb, P and Q, and 
this is laical problem I. Algebraic solution. Choose X and Y directions parallel and 

perpendicular to the plane. By (c) and (e), SF, ■ 0 — Qj ^ - 200 ain 30*. Hence 



100 inikc 


Fig 110 


Q. « .2^ « 103.3 lb. SFy - 0 - P - 200 cos 30“ - 103.3 X ®/ 8 . Hence P - 199 lb. 
V60 

(d) Consider the large cylinder as a free body. 0i — 0* 103.3 lb. Use the same 

Z and F directions. ZF* - 0 - 5 cos 30“ - 103.3 X - 100stn30“. Hence, 

S - 173.2 lb. ZF, - 0 - H — 100 cos 30* — 173.2 sin 30* + 103.3 X */ 8 . Hence R - 
147.4 lb. Graphical solution. Discussions (o) and (b) are same as above. The free 
body is the email cylinder. The force system is 200 lb, ob, be, and co, and the polygon 
is the triangle ABC (Fig 110). BC - 199 lb, CA - 103.3 lb. Next, oonader the large 
cylinder am a free body. The force i^stem is oc, cd, de and ea. Plat the known forces AC 
Mid CD. From D draw DE parallel to de, and from A, AE parallel to ae; these linee 
inteneot at E. DE - 147.4 lb, and EA - 173.2 lb are the magnitudes and senees of the 
two unknowns. If the system is concurrent and all the forces are known except one, the 
two unknown elements will be one angle and one magnitude and sense. B<Ah may be 
^tennlned by writixv the equilibrium equations, or by drawing the force polygon. 

Typteid proUem Q. A nwiWM aw ooplanar parallel forobb is in equiUbrium and 
aU are known except two; the action Ihiea of these two are known; required their magnio 



86-38 


MATHEMATICS AND MECHANICS 


tudM and s^nMS. Aujbbbaio bowtioh, (e) Assume senses lor both unknown forpa. 
CD Write • pair of equilibrium equations involving the unknown forces and solve tm the 
two unknowns. A plus answer indicates the sense correctly assumed. A minus answer 
indicates incorrect assumption. As a check on the result apply a third equilibrium 
equation. For.problems of titis type the algebraic solution is preferable to the graphicaL 
QnavBioan sonuTioN. (g) Letter the action lines of the wholly known forces and then the 
action lines of the two imknown forces. (A) On a line of indefinite length pandM to the 
fwoes, often called the load line, form the force polygon by plotting vectors of the knhwn 
forces continuously to end of last known force. The vector of the first unknown force 
extends from this point to some unknown point on the load line. The unknown point is to 
be found. <i) Construct a funicular polygon. Draw first string between first known force 
and last-letted unknown force. Continue funicular polygon to intersection of last known 
string with first-lettered unknown force. Draw closing string from this point, to inter- 
section of first string with last-lettered unknown force. Draw a ray through pole parallel 

to closing string; its intersection with the 
load line is the point soxight. O') The 
senses must read confluently from the 
starting point back to the same point. 
The last two vectors represent the two 
unknown forces in magnitude and sense. 

Example. A beam is loaded as shown 
in Fig 111 and supported at the points P 
andQ. (a) Determine the reactions of the 
supports, (b) Consider the beam as a 
free body. The external force system 
consists of the forces 1 000 lb, 5 000 Ib, 
2 400 lb, P, and Q. This is a coplanar parallel system and is typical problem 11. Anon- 
BBAio aonuTiON. (c) Assume senses for the reactions. By (c), 

- 0--4X1000- 10 X6000- 14X2400+ 16Q-0 
Hence Q « 6 475 lb; correct sense was assumed. 

ZMq - 0 - 2 X 2 400 + 6 X 5 000 + 12 XaOOO -16 P-O 
Hence P — 2 925 lb; correct sense assumed. As a check, apply condition, ZF — 0. 

2F-0--5 475+1000 + 5 000 + 2 400 - 2 925 -0 
Gka.phica. 1 . BonuTioH of the same problem involves the construction of a closed force 
polygon and a closed funicular polygon. Draw vectors, AB, BC, CD to represent 1 000 
lb, 5 000 lb, 2 400 lb. Let DE represent Q and EA represent P. The problem is to locate 
point E. This is done with the aid of the frmioular polygon. Draw the rays OA, OB, 
OC, and OD. Start on the action line of P and draw tiie string polygon. The dosing 
line is oe. Draw the ray OE parallel to os. The unknown reactions are DE and EA, 

(Note. —This principle cannot be applied to beanu having more than two points of euppwt. Suoh 
problems require special treatment.) 

Typical problem Ul. A btstbm of copi.anar nonconcurbent monpabalui. 
roROXB is in equilibrium, and all are known except two; the action line of one of those and 
a point in the action line of the other are known. Determine the magnitude and sense of 
the one, and the magnitude, sense, and angular direction of the other. Alqbbbazo 
BOwnoN. (a) Assume sense for first unknown force, (b) Write a moment equation, 
center of moments being at given application point, to fi^ first unknown force, (e) 
Assume sense and angular direction for second unknown force, (d) Write a pair of equilib¬ 
rium equations involving the magnitude and angular direction of the second unl^wn 
force and solve for the two unknown quantities. A plus answer for the magmtude iniU- 
eatos the sense correctly assumed. A plus answer for the angular direction indicates it 
comeetly assumed. A minus answer for either of the quantities indicates incorrect 
assumption for the one involved. Check multo by means of an additional equilibrium 
equatUm. Graphical soLtmow. (e) Letter the action lines of the wholly known forces, 
then the action line of the first unknown, and finally the force passing throrigh the givmi 
application point, if) Draw the force p^gon for the known fanes. Through thg mul 
of the hut vector draw a line parallel to the action line of the first unknown force. Choose 
a pole and draw the rays, (g) Construct a funicular polygon, pusing the first string 
thioui^ the apidioation point of the second unknown force, and making the last, or ekising, 
Btriag pass tiirough the same point. Draw a rey through the pole, paralhti to dosing 
gMittg: its intersection with the vector drawn parallel to first unknown is last Vertex in the 
"llVee polygon. From this point, draw the doi^ line of the force polygon. (A) The s e n ses 
f 
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mittt read oonfiuently from starting point back to same point. The last two vectors 
lapresentithe two unknown forces. 

:|b(aaiple. A roof truss is loaded as in Fig 112. The left end of the truss rests on a 
smooth horis support. The right end is secured to a wall by means of a pin. Determine 
the reactions, (a) The external forces acting on the truss are the give» loads, thd left 
reaction P (vertical, on account of the smooth support), and the right reaction Q (inclined, 
through point M), (b) The unknown quantities are the reactions P and Q. This is 

typical problem 111. Aloebbaic solution, (c) Assume P upward. By (e), 

2Mi£ - 0 - 20 000 X 18 + 25 000 X 24 cos 30“ - 36 P 

hence, P <■ 24 430 lb; correct sense assumed. 

(s') Assume Q upward to the left at angle 9 with horizontal. By (e) 

SFx "• 0 •" 25 000 sin 30* — Q cos 9, 

2F„ - 0 - 25 000 cos 30“ + 20 000 - 24 430 - Q sin 9 

Solving simultaneously, Q « 21 300 lb, and 9 — 54“. Sense and direction were oonectly 
assumed, hence Q acta upward to the left at 
54“ to the horis. Graphical solution, (d) 
eb and be are the action lines of the given loads, 
ed of the reaction P and da of the reaction Q. 

(e) Draw the vectors AB and BC, and a line 
through C, parallel to cd. Choose a pole and 
draw the rays. (/) Construct the funiculai 
pcdygon, drawing oa through M, and draw 
oloring string ed from K to M. Draw OD 
throu^ 0 to intersect CD at D. Draw DA. 

(g) Vectors CD and DA represent the two 
unknown forces, P ■■ 24 430 lb and Q » 21 300 
lb. The action line of Q is da, making angle 
with horis X 54“. 

Typical problem IV. A ststbh of co- 

PLANAR NONCONCUBBENT NONPABALLEL FOBCES 

is in equilibrium and all except three are wholly 
known; the action lines of these three are 
known; required their magnitudes and senses, 

Algbbbaio solution, (a) Assume senses for 
the imknown forces. (6) To determine first 
unknown force, write a moment equation, 
center of moments at intersection of action 

lines of other unknown forces, (c) Write a pair of equilibrium equations involving the 
other two unknowns and solve for them. Check results by means of an additional 
equilibrium equation. Gbaphical solution. Assume any two of the unknown forces, 
replaced by their resultant at the point where their action lines intersect. This resultant, 
the third unknown force, and the known forces are in equilibrium and correspond to 
t}q}ical problem III. Proceed as specified in (d), (c), (/) and (g) for typical problem III, 

to determine the resultant and the third 
imknown force. (5) Resolve the result" >' 
of the selected two unknown forces into 
components parallel to their action lines, 
thus determining their magnitudes and 




Example. The bar PQR (Fig .113), 
resting against a smooth floor at P and 
against a smooth post at R, is held by an 
inclined cord Q3 and carries two loads. 
Neglect the weight of the bar, and deter¬ 
mine the forces acting on the bar at P and 
R, and the tension in the cord QS. (a) 
The external forces acting on the bar are 
the given loads, the reaction of the support 
at P (vwtical on account of smootii surface), the rpaotion of ^e post at R (normal to the 
bar on. account of smooth surface), and tito pull of the cord at Q (direction is Q3i, (b) 
The .unknown forces are ^e reactions P and R, and tiie tension Q. This is tgrpical 
prcdiisla IV.. Ambbbaki solution, (e) Assume P upward. By (c), 

Etfjt w 0 x 300 X 35.6 + 600 X 15.6p X 55.6 
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Hence, P'"* S60 lb; correct sense assumed. Choose X and Y directions psi'aUel and 
perpendicular to the bar. (s) Assume R upward to the left on bar, Q downwtuti to right. 
By (c), 

, SF*- 0 - 300 X 1 + 600 x|- 360X I 

Hence Q — 560 lb; correct sense assumed. 

4 4 10 *> 4 ’’ 

2F, - 0 - 300 X 7 + 600 X r + 560 X - 360 X I - B 
* 5 5 23.5 5 

Hence R — 890 lb; correct sense assumed. 

As a cfae~k, apply condition, ZAfg — 0: "ZMq — 890 X 28 — 360 X */s X 12 — 300 X 
< /b X 13 - 600 X < /5 X 38 - 24 900 - 24 900 - 0 

CBAPHiCAb solution. .\Rsume Q and R replaced by their resultant. Its action line 
passes through point K. (J) ah and be are the action lines of the given loads, ed of the 

reaction P, and da of the resultant of Q and R. 
(i), (i), and (A). Draw force'and funicular poly¬ 
gons to determine the unknown vectors CD and 
DA. CD represents reaction P — 360 lb. (j) 
Resolve DA into components DE and EA, parallel 
to action lines de and ea of Q and R. (h) Vectors 
DE and EA represent the other unknown forces, 
Q - 560 lb, and R - 890 lb. 

General noncoplanar system. Example. The 
crane (Fig 114), supiiorted by a socket at the 
foot of the post at D, is kept from overturning 
by the back-stays AB and AC, and carries a load 
of 600 lb. (E, A, P, G, D, are in the vertical 
XF-plane.) Determine the axial components of 
the reaction on the post at D and the tensions in 
the back-stays, (fc) The external forces acting on 
the post are the load, the reaction at D, and the 
tensions in the back-stays at A. The system of 
forces is noncoplanar, nonconcurrent, nonparallel. Moment equations are tiie most 
convenient to apply for this solution. By (c). 


XMbc - 0; Dv 

600 X 40 

20 

1 200 lb. 

- 0; Dx 

600 X 20 

16 

7501b. 


SAfXx ” 0; D, - = 150 lb. 

-0- ABX X 25 - 1200 X 10 + 600 X 6, AB 

2:MXg « 0 - AC X X 25 + 600 X 19 - 1 200 X 16; AC 


FRICTION 


34. DEFINITIONS 

A perfectly smooth surface is one that offers no resistance to the sliding of a body upon 
it. The force exerted by such a surface is normal to the surface of contact. If the surface 
is rough, the resultant thrust of the surface is oblique, and is called the tottal BttAcnoN. 
The tangential component of the total reaction is called fbictxon and the normal eom- 
ponent is called nobhal bbactxon. Friction is a passive resistance, and is developed as 
it is needed to prevent motion. For friction to exist there must be a tendency for a body 
to slip over a surface, due to the fact that the resultant of all the applied forces acting on 
the body (omitting total reaction of the surface) has a component parallel to the surface. 
If the surface is smooth, such a component causes motion of tiie b^y. If the sarfttee is 
rough, if exerts a frictional force upon the body which neutralises the tendency to move. 
Fglf My given conditions, these is a Ikoit to the amount of friction, readhed when slipping 


- 624 lb. 

- 4541b. 
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impends, called UMrrma friction. When the limiting friction is attained, the angle 
between the totid reaction and tiie normal to the surface is the anou: or raiciroN. In case 
there is no slipping, friction is called static, and may have any magnitude from sero to the 
limiting friction, depending upon the tendency to move. If this tendency to move exceeds 
limiting friction, the body slips and kinetic friction still opposes motion; its value is 
less thM limiting static friction. 

Coeffleieat of friction is the ratio of the limiting friction to the corresponding normal 
reaction. If the angto of friction be ip, tho normal reaction N, the limiting friction F', and 
the coefF of friction /, then f ■» tan <p •b F' -i- N. If a body bo placed upon an inclined 
plane, the angle of inclination for which slipping of the body impends is the anoix or 
BRFOSX for the two rubbing surfaces. It is equal to the an gle of friction. 


36. FRICTION CONE 


Consider a body, resting on a rough plane, to be acted upon by several forces (Fig 115). 
Draw the normal OP to the surface at the point where the resultant of all the applied 
forces, except the total reaction, cuts the sur¬ 
face; tiien draw OQ, making the angle ip with 
the normal equal to the angle of friction. The 
cone generated by revolving OQ about the axis 
OP, is the CONE of friction. The body will 
not slip if the resultant of all applied forces 
lies within this cone; it will slip if the resultant 
lies outside. 

Assuming the data shown in Fig 115, a 
graphic solution is as follows: Draw a force 
polygon for the applied forces, ABCD. The 
resultant is AD, in magnitude and direction. Force potyg oa 

Its action line ad falls inside the cone of fric- r’sT'Tlbib 

tion, hence slipping will not occur. Total Fig 115 

reaction of the plane is DA, opposite in sense 

to the resultant. Its components, parallel and normal to the surface, are DE and EA. 
Friction on the body is DE = 23 lb, upward along the surface, and the normal reaction 
EA "■ 120 lb, upward normal to the surface. 

From the algebraic viewpoint, the normal reaction on the surface is 
N = 150 cos 30* + 20 sin 30° - 40 sin 30° = 120 lb 



Available or limiting friction » /.V 120 4 — 30 lb. Sum of the force components 

parallel to the plane •= 160 sin 30° — 20 cos 30“ — 40 cos 30* = 23 Ib downward. If 
V - needed, the surface can supply 30 lb of friction; it actually 

does supply 23 lb, acting upwards on the body to preserve 
equilibrium. 


FRICTION CIRCLE 




w \ reaction of a bearing on a journal is usually as- 

y ^ Burned to pass through the center of the journaL If the 

Q«>^lb ) ^\ T bearing is worn (as shown much exaggerated in Fig 116, for 

f journal A), the action line of the reaction still passes 

through center A if the surfaces are smooth. Otherwise, 
\ w slipping impends, the action line makes the* friction 

\ angle ^ with the normal AD to the contact surfaces on 

'X ^ \ contact between the journal and the bearing. 

\ ^ If motion impends for clockwise rotation of the journal, 
tL >\ R action line; if for .counterclockwise rotation. 

\\ it is EC. If r be the journal radius, the perpendicular to 

Fo*c®'“NLNi. ^® lines from the journal center is AB or AC ■» r 

tin Tot a given journal and bearing, this value is eon- 
' nSTTSls A ^ represented by the radius of a circle with 

iia center at A. This is the rmenov circle, and the bear- 

ing reaction is always tangent to it if slipping impends. 
For practical eond^tiona, angleis so small that r tan ^ r sin ^ (approx). Radius 
of tka irietion oirde may be taken as r X /. nearly. 

In « ^ven jt is often impossible to obsove D, tiie line of contact between 


p aWoa 

'rSTSSlin 

Itglld 



36-42 


MATHEMATICS AND MECHANICS 


jounuU and bearing, but the action line of tha bearing reaction muet be tangent to the 
friction circle. Other known conditions may fix another point in this action line so that 
its portion is readily found. 

In Fig 116, with data as given, find what force P is needed to overo(»ne Q (motion im¬ 
pending for clockwise rotation). The joumal is under the action of 3 forces, P, Q, and R, 
concurrent at F, As R must be tangent to the friction circle, its action line is either PD 
or FF. The correct position is determined by resolving R into tangential and normal 
components, and making the choice so that friction opposes impending motion. The 
force polygon for the 3 forces is STV; then Pi -• US -• 226 lb, and P » TU » 142 lb. 

The greatest force P which Q can overcome (motion impending for oountOTclockwise 
rotation), is found from the triuigle STW, corresponding to Pi; then Ps -i W8 <■ 188 lb, 
and P • TIT - 06 lb. 


37. COEFFICIENTS OF FMCTION 


Coeffldents of static friction depend upon character of the surfaces, kind of material 
and lubricant used. Recent experiments prove that the coeff of static friction is not 
independent of the mormal pressure on the contact surfaces, nor of the time of contact 
between the surfaces. 


Coefficients of Static Friction (Compiled from Kankine) 

Dry masonry and brickwork. 0.6 to 0.7 Masonry on moist clay. 

Masonry and brickwork with Earth on earth. 

ebunp mortar.0.74 “ “ “ dry sand, clay. 


Timber on stone.about 0.4 and mixed earth. 

Iron on stone. 0.3 to 0.7 Earth on earth, damp clay.. 

Timber on timber. 0.2 to 0.5 “ " wet clay. 

*' * ‘ metals. 0.2 to 0.6 “ " ‘ ‘ shingle and 

Metals on metals. 0.15 to 0.25 gravel. 

Masonry on dry clay. 0.51 


0.33 

0.25 to 1.00 

0.38 to 0.75 
1.00 
0.31 

0.81 to 1.11 


Coefficients of kinetic friction depend upon the velocity of the body in motion, and 
particularly upon the kind of lubricant. If a lubricant is used it has a greater influence 
upon the coeff of friction than has the kind of material in the bodies. 


Coefficients of Kinetic Friction (Rough averages, compiled from Rankine) • 


Wood on wood, dry. 0.25 to 0.5 

“ “ " soaped. 0.20 to 0.04 

Metals on oak, dry. 0.50 to 0.60 

.wet. 0.24 to 0.26 

.soaped. 0.20 

" “ elm, dry. 0.20 to 0.25 

Hemp on oak, dry. 0.53 

•* “ “ wet. 0.33 

Leather on oak. 0.27 to 0.38 

** '* metals, dry.. .. 0.56 

“ ** “ wet. 0.36 


Leather on metals, greasy... 

. oily. 

Metals on metals, dry. 

.. wet. 

Smooth surfaces, occasionally 

greased . 

Smooth surfaces, continu¬ 
ously greased . 

Smooth surfaces, best results 
Bronse on lignum vitss, con¬ 
stantly wet. 


0.23 

0.15 

0.15 to 0.20 
0.30 I 

0.07 to 0.08 

0.05 

0.03 to 0.036 


0.05 


38. BELT OR COIL FRICTION 

If a band is placed about a rou^ cylinder and a tensile force applied to eadi end, 
these forces may be very unequal without causing slipping of the band upon the cylinder, 
and are unequal even if dipping occurs. The band may be a belt, rope, or brake band, 
s^ile tire cylinder may be a pulley or sheave, i>ost, capstan, or similar device. , 

Let Ti be the larger of the forces acting upon the band, Tt the smaller one, correspond- 
ing to the tensiems in the tight and loose sides of a belt; and W the friction between band 
and oyiinder. Then, W Ti — Tt. Let the are covered by the band subtend an ang^ 
a at the center of the cyUnder, a radians » (a degrees X t) ■4’ 180; « (■2.718) is the 
base of tlw Naperian system of logarithms, and / the coeff of friction, care bchog talr«» 
to sdeet a suitable value for either static or kinetic friction, dependl^ on wh^er or 

A. IS.4S|M /•* 

IBpt slipping occurs. Then, T\ ■■ ■ Tt 10^ ' » The first a is egpnssWd 

ll'ndians, the last a in deipeee. Fcnr baiting, the ooeff of friction is often takan ns HM, 
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Angla of 
ecBtsot in 




Veittw (d / (eoeff of trietion) 

* 


otobwu&aa 
isdUasV- 2r 

0.10 

0.15 

0.20 

0.25 

0.30 

0.35 

0.40 

0.45 

^ 0.50 

0.1 

1.06 

1.1 

1.13 

1.17 

1.21 

1.25 

1.29 

1.33 

1.37 

0.2 

1.13 

1.21 

1.29 

1.37 

1.46 

1.55 

1.65 

1.76 

1.87 

0.3 

1.21 

1.32 

1.45 

1.60 

1.76 

1.93 

113 

2.34 

157 

0.4 

1.29 

1.46 

1.65 

1.87 

2.12 

141 

173 

3.10 

3.51 

0.425 

1.31 

1.49 

1.70 

1.95 

2.23 

155 

191 

3.33 

3.80 

0.45 

1.33 

1.53 

1.76 

2.03 

2.34 

169 

3.10 

3.57 

4.11 

0.475 

1.35 

1.56 

1.82 

2.11 

2.45 

184 

3.30 

3.83 

4.45 

0.5 

1.37 

1.60 

1.87 

2.19 

2.57 

3.00 

3.51 

4.11 

4.81 

0.525 

1.39 

1.64 

1.93 

2.28 

2.69 

3.17 

3.74 

4.41 

5.20 

0.55 

1.41 

1.68 


2.37 

182 

3.35 

3.98 

4.74 

5.63 

0.6 

1.46 

‘ 1.76 


2.57 

3.10 

3.74 

4.52 

5.45 

6.59 

0.7 

1.52 

1.93 

2.41 

3.00 

3.74 

4.66 

5.81 

7.24 

9.02 

0.0 

1.65 

2.13 

2.73 

3.51 

4.52 

5.81 

7.47 

9.60 

1135 

0.9 

1.76 

2.34 

3.10 

4.11 

5,45 

7.24 

9.60 

1174 

16.90 

1.0 

1.87 

2.57 

3.51 

4.81 

6.59 

9.02 

1135 

16.90 

23.14 

1.5 

2.57 

4.11 

6.59 

10.55 

16.90 

27.08 

43.38 

69.49 

111.32 

2.0 

3.51 

6.59 

12.35 

23.14 

43.38 

81.31 

15140 

285.68 

535.49 

2.5 

4.81 

10.55 

23.14 

50.75 

111.32 

244.15 

535.49 

1 174.5 

2 575.90 

3.0 

6.59 

16.90 

43.38 

111.32 

285.68 

733.14 

1 881.5 

4 828.5 

12 391.0 

3.5 

9.02 

27.08 

81.31 

Tijy 

733,14 

2 199.90 

6 610.7 

19 851.0 

59 608.0 

4.0 

12.35 

43.38 

152.40 


1 881.5 

6 610.7 

23 227.0 

81 610.0 

286 744.0 
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39. CENTROIDS AND CENTERS OF GRAVITY 

Centroid of a system of parallel forces with fixed application points is the point through 
which their resultant always passes, no matter how the forces may be turned (but still 
remaining parallel). The force of gravitation acting on the particles of a body constitutes 
a i^stem of forces practically parallel; and the centroid of these forces is the omrmB or 
oiuviTT of the body. Referring the application points of such a force system to a set of 
coordinate axes, the coordinates of the centroid, or center of gravity, are given by: 

X — (2F-x) + SF, V -■ (SF*y) -i- SF, i (SF-*) 2F 

In these equations F represents one force (or the weight of one particle), and x the distance 
of its application point from the F2-plane. 

If the body is crnnposed of parts of known weight, and the positions of their centws 
of gravity me known, the coordinates of the center of gravity of the whole body are: 

_ WlXl tPjX* + "i" ■ 

* — -r'"T”—r— 

Wl + tcj + + ■ 

- tcipi + WjV* + wm + * 

V --;-;-7- Ca) 

tti + iti| + i»» + • • • 

_ tP|ii + «>»«» 4- io^t + • 
wi + toi + 4" • • 

in which Wi represents the weight of one part and ii, yi, si are the coordinates of its omiter 
of gravl^. Any one the above expressions may be read as, "the sum of the moments 
divided the sum of the forces." If in formulas (A) the weights are replaced hy vcdumes. 
areas, surfaces, or lengths of lines, they determine the coordinates of the centroids, or een- 
ters of gravity, of the volumes, areas, surfaces, or lines. These centroids are often called 
the eentms ^ gravity ol ^ corresponding magnitudes. 

Center ef gravity pert of a body remaining idter certain parts have bent taken away 
ladelarttthied by the rule: The moment the remainder of a body, with reqwot to amr 
ptane, egoaU the m omaiit ^ the whide body minus the momenta of the parte taken away. 
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40. FORMULAS 

Centroid#of lines end aress. CmncLAB abo (Fig 117). CeoDitroid is on the aods of 
lOrmmetry; its distance from the center is 5 — —— » a being in radians. Fbr 

a sranidrde, i 2 r *i- ir; for a quadrant, « » 2 r y/2 -H r. Tbianoub. Cwtroid a 




triangle is at the intersection of the medians; its perpendicular distance from any side 
equals one-third the altitude measured from that side. Tbapezoid (Fig 118). Centroid 
lies on Uie median CD (joining the middle of the parallel sides), at a point O located by 
following equations: 

a (2 o (5 + 2 5) 


m 


n 


3 (B + 6) ’ 3 (B + 6) 

To locate the centroid graphically, make HE B, KL » h. Draw LE, and the median 

CD\ they intersect at G, the centroid. Qoadbilatbbal (Fig 
119). Divide each side of the quadrilateral ABCD into thirds, 
and through the third points draw.e/, hk, Im, and no. These linos 
form a parallelogram, the diagonals of which intersect at G, the 
centroid of the quadrilateral. ' Sectob or A circlb (Fig 120). 
Ctmtroid is on the axis of symmetry; its distance from tiie center 
is a; »■ (2 re) -f- (3 »). For a semicircle, 5 =■ 4 r 3 t. Fop a 
quadrant i » 4 r \/S 4- 3 r; and the distance from each boimd- 
ing radius » 4 r 4- 3 t. Sxohbnt of a circus (Fig 121). Cen¬ 
troid is on the axis of symmetry; its distance from the center 

is i (e* 4- 12 A), in which A is the area of th».segment ■> — 

2 

(2 a — ain 2 oe), a being in radians. 

Centers of gravity of volumes. Rioht circuiab ctlindbb (Fig 122). Base is normal 
to the axis; top makes an angle a with base; mean height is h; radius of base » r. If 





Fig 120 

V is the distance of the center of gravity G from the base, and x is the distmoe to the 
right of the vertical center line. 


_ r* tan a 
* " 4h ' 


, _ h , f * tan* Of 


Fxvstvu or A ciBCDiAB COKB. Let R •" radius of the larger base and r radius of tHie 
onaller base; a •* the altitude. Distance of the centroid of the s\uved surface from large 

base is end from the smidler base • Distaaoe ibotn the oeutn of 


8 (R + p) 

the solid frustum to larger base is 


S(R + r) 
a (R*-f'2Rr + 3r*) 
4<R* + Rr + r*) 


Comb abb ptbambs. 
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Cantroid of tlia furfaee (baae exdaded) ia on a line jdning the with the oentroid of 
the perimeter of the base, at a distance of two-thirds its length from the apex. Center of 
gravity of the solid cone or pynunid is on the line joining the apex with the centroid of the 
{)aee, at a distance of three-fourths its length from the apex. Fauaruii or a rTBAMin. 
If the frustum has regular bases, let R and r be lengths of the sides of the lari^ and smaller 
bases, and A the altitude. Distance of the centroid of the surface (bases exolucled) Ctom 
h (J2 ) 2 r) 

the larger base is "3' ^ bn®es, 1st A and a be the areas of large and small 

bases and A th e altitude; the distance of center of gravity from the larger base is 

A (A -f 2 y/Aa + 3 o) „_ ^ . ., , . . . 

.. ' ' ' y—. • SPHUBii. Centroid of the surface of any sons of a sphwe is 

4 (A 4- Vao + 0 ) 

midway between the bases. Distance of the center of gravity of a solid segment from the 

^ , where r — radius of the sphere, and A — height of tiie segment. 
^ [.o r — a) 

For a hemisphere this distance is 3 r 4- 8. Distance of center of gravity of a solid sector 
from center of the qihere ■■ s/s (1 + cos a) r -• s/s (2 r — A), where a » half the an^ 
subtended by the sector. Euafsoio. Choose 3 coordinate axes x , y , and s; let a , A, 
and e denote the semi-lengths of the corresponding axes of the ellipsoid; the coordinates 
of the center of gravity of one octant of the solid are x>«3a4-8, p^Sb-f-S, and i ■> 
3e4- 8. 


baae is 


MOMENTS OF INERTIA OF AREAS AND MASSES 


41. AREAS 


Moment of inertis of a plane area with respect to a given line is the sum of the products 
obtained by multiplying each element of area by the square of its distance from the line. 
The moment is called polar if the axis is perpendicular to the plane area. The common 
symbol for moment of inertia is /; and a subscript denotes the axis to which it refers. 
Let / » the moment of inertia about any axis; A the area of the figure anil r the distance 

of any element of area from the given axis, then 1 « dA. Radius or qtbation A, of 
any plane figure, is the square root of the moment of inertia divided hy the area of the 

figure, thus k -■ , or J ■■ AA*. PARAUmi. axis TBaosBic. 1^1 + Ad*, in which 

^ A. ^ 

I is the moment of inertis with respect to an axis through the centroid and I is moment of 
inertia about a parallel axis at distance d. 

Product of inertia J, of an area with respect to a pair of rectangular axes, is the sum of 
the products obtwed by multiplying each element of ares by its coordinates. Hius 

— J'xy dA. Product of inertia may be positive, negative, or zero, depending on the 

distribution of the area with respect to the axes. Moment of inertia is always positive and 
never zero. PASAbUcii axis theorxm. J J + Axy, in 
which J is product of inertia of area A with respect to a 
pair of oentroidal axes, J is the product of inertia wi& re- 
sphk to a set of par«^ axes, and x wd y are the distances 
from the parallel axes to the centroid of the area. For a 
rectangle, - A* + 4; for a triangle, Jxy - A* 8 
(Fig 123). J is zero for an axis of symmetry and any line 
perpendicular to that axis. The customary unit for both 
moment and product of inertia is biquadratic, inches ■■ in*. 

The principal axes of inertia at a point are those about whifih the moments of inerw are 
the greatest and the Imut; these axes will always be rectangular and the product of inertia 
for them is aero. 



Sic 123 


48. OBUQUB AXES AND LEAST RADIUS OF GYRATION 

Obllsoa axes. Let J*. Is, and /.^wreewit moments and products of inertia fora pafr 
of xeetampHlar axes at a point of an area, the moment of mertoa for any oWqm asla 
thmaigb that point and a its angle with the X axis; then, /a ■■ /»cos*tt + 

For'principal axes, ten 2 a —2 J»v + 
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Hi* equation for is interpreted by the inertia circle as foUows: Stvpose /«, and 
given'for tiie shaded area in fig 124. To oonTonient scale, plat OX' and OT' to 

represent and Jy, and Y A to represent /ay 
(downward if negative and upward if positive). , 
Center C is midwiqr between X' and K'. > Witir 
CA as radius, describe inertia circle. To find 
/«, draw chord AB parallel to axis OO; draw 
perpendicular BV. OV (to scale) Jm, and 
BV (to scale) ■■ Ju«. OAf, parallel to A 2, is 
axis of least /; and a paralld to A 1, through O. 
is azie of greatest 1. O 2 (to scale) is the value 
Tig 184 of least 1 « /j; Mid O 1, valueof greatest 1 » /i, 

_ Least radius of gjnration is measured perpendicu¬ 
lar to axis OM and «■ V/, + area. If principal moments of inertia (greatest and least) 
at a pmnt are equal, (h ~ /*), then I for any oblique axis through the point has same 
value; that is, Ju "• Ji •• It- 



43. TABLE OF PLANS FIGCHES. J ■> Moment of Inertia, k —Radius of Oyratidn 








!» P*t[ 


TABI4E X>F PLANE FIGtJRES 
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T«bl* of noao Figaros (Continued) 



Fig 129. Triangle 


Fig 131. Any Complete Reg¬ 
ular Polygon 


, bh^ . bh» , 

'--u f‘-r 

kg " ■• "— ™ 0.236 k kg "• « 0.408 k 

V18 Ve 

kg — ^ 0.707 A 
V2 





ngl88. Hollow Cirde 


A Area of polygon 

grg is any axis through center and in plane of polygon 
Axis p-p is perpendicular to plane of polygon at center 

J, - ^ (6 - a*) - ^ (12 r* + o*) 

^ - a*) - " (12 r* + a*) 

f(6 ii» - a*) /(r2r» + a*) 

*g “ \ ^4 \ 4g 

/(6 - a*) .. /(r2 r* + a*) 


24 


Axis p-p is perpendicular to circle at center 

T *’<1* XT* , xd* XT* 

" 64 “ T 

‘ “ 4 " 2 Vs 


Axis p-p is perpendicular to hollow circle at center 
^ (d* - di*) - I (r* - r,*) 

Ip ~~ (d* - di*) - I (r* - r,*) 

*g - 1/4 Vd* + di* - 1/2 vT^Tr? 


(r* + ri*) 



Fig 184. Semioirole 




Flff'iWt^, CIroular Sector 


d« (9 x« - 64) ^ 
1 152x 

d V(9 x» - ^ 


0.00688 d* - 0.110 r* 


- 0.132 d » 0.264 r 


A « Area of sector -■ r*a, a expressed in radians 
At* / sing cosa \ 

" "T k « / 

Ar* /. , stn g-cos g\ 


r jlL stn g-cos g 

g - 

r A L . stn g-cos a 
1.--5VH--- 
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TaU« of Plano Flcuoa {ConUmui) 


A » Area ef eegment ■> r* (a — tin et‘eoa a), a bo* 
ing expreseed in radians 


j A 2 «m*a‘Cosa \ 

* 4 V 3 « — *»n a’cos a/ 

X..^(,+AS«:lfLS21SL) 

4 \ a —«n O'cos a/ 


lit 186. Cireular Segment 



2 g-|o 6 » 


7.-Tba* 


Fig 187. Ellipge 


44. MASSES 

Ifomont ef inertia of a mail, with respect to an axis, is the algebraio sum of the 
products of each element of mass and tiie square of its distance from the axis. I 2!mr\ 
in which m is any element of mass and r its distance from the axis. The common engi¬ 
neer's unit is slug-ft* (Art 53). 

Radius of gyration is the distance from the axis to a point at which, if the entire mass, 
were concentrated, the moment of inertia would not be changed . If h is the radius of 
gyration, and M the total mass, then I ■■ AfJb*; or k ^ V/ M, and is measured in ft. 
Value of k is always between the least and greatest values of r. 

Parallel axis theorem. Let I be the moment of inertia with respect to an axis through 
the center of gravity, and 1 the moment of inertia for any parallel axis at a distance d; 
then J * I -h Jtfd*, and h* =« I* + d*. 

Principal axes and moments of inertia. The integrals y* pz dm, J'zx dm, and J'xpdm 

are called products of inertia. For an oblique axis, through the origin with Erection 
anglee, a, /3, and y, 

I /*«)«*« + lyCOB^P + Igeo9*y — 2JxyCozoLeoBP — 2Jygeoafieo8y — 2/«seosy cosoe. 

At each origin, there is one set of rectangular axes for which the three products of 
inertia vanish, and with respect to two of which the moments of inertia are least and 
greatest of all moments of inertia with respect to axes at that origin. The axes are called 
piindpal axes, and the moments of inertia with respect to them are called principal 
moments of inertia. If a body has three planes of qrmmetry, at right angles to each otiier, 
their lines of intersection are principal axes at the point of intersection. If a body has 
two planes of symmetry, thmr intersection is a principal axis for every point on it as 
origin, and ^e other two axes are in the planes of symmetry. If a body has one plane 
of symmetry, any perpendicular to the plane is a principal axis at the point where the 
axis pierces the plane. At the origin, the x-axis is a principal axis if 0 and /m 0; 

the p*axiB is,a principal axis if /«y « 0 and Jp 0; and the s-axis is a principal axis if 
dn " 0 and /gs ■■ 0. 

45. FORMULAS FOR MASSES 

Thin circular lamina, of radhu a and mass m, witir respect to a diameter, J ■■ ma* -f* 4. 
For axis perpendicular to face of lamina at its center, I ■■ ma* + 2. 

Solid td revelation of volume V and ma« M, with respect to its axis, 

7-[rlfy*y*dx]+ 2V 

With rssiieot to an axis at right angles to its geometrical axis, 

J - + *v)4*] + V 


bectilineab motion 


36^9 


3*”*AS?7n'^‘ PMpendicular to red at oenter, I » 

*.*. H- t. «d « ^ u «.t«. /. w 

?- M (4 o« + 6^ + iL of base 6e and paraUel to adfa «. 

4 . of A and ba* radiu. a; for it. geometrical ari., / - Mo* 

gravity, paraUel to base, I - M (3 o» 4- A*) + 12 
eoinading with diameter of base, I « AT (3 a* + 4 A*) + 12 '' ^ ^ 

^ “** ^ a»8 of cylmder. / - 

f-S 0 + Vi^vity, perpendicular to axis of cylinder. 

»emi+«eB a and 6; for its geometrical axis. J - M 
M (fa“+S"? axis 2 6, of elliptical 

Sphere of radius a, about a diameter, 7 » 2 Afo* + 6, 

*>oight A and base radius a. About its axis, 7=3 Ma* + 10. 
Axis ^ui^ vertex, perpendicular to geometrical axis, 7 = 3 Af (a» + 4 A*) + 20. 
^psoid of uw 2 a, 2 5, and 2 e. About the axis 2 6, 7 = M (a* + c*) + 6. 

. of.hei^t A and sides of base a and b, about geometrical 

tlwoogb vertex perpendicular to geometrical axis and 
paraOri to ft nde of base, 7 - M (o* + 12 A*) + 20. Axis through center of gravit^ 
parcdlel to 6 edge of base, 7 ■» AT (4 a* -f 3 A*) +80. 

Clrculw of drcidar section, radius of section = r, and center of section at distance 
B f^ raa of nng. About axis of ring, 7 = Af (4 if* + 3 r*) + 4. About axis through 
center of gravity, perpendicular to axis of ring, 7 = Af{4jR*4-6r^ + 8. 


KINEMATICS 


46. RECmiNEAR MOTION 

A particle is in motion with respect to surrounding objects if its poation with respect 
to them 18 continually changing. If A is the position of a particle at a time h, and B 
its position at a later time itt its displacement in the time interval « At is the 

vector AB, no matter whether path is straight or curved. Velocity of a particle is its 
time rate of displacement. Acceleration of a particle is its time rate of change of vriodty. 

Rectilinear motion of a particle. Let s be distance measured along the path of a par- 
tide, Si the distance from origin at time fi, s, the distance at a later time As - si - si 
• displatement in time interval At ■■ ft — tu Than Avnaxoa vnLooirr = As + At. 
If the position changes at a uniform rate, actual velodty at any timA « As + At. For 

evwy case. mBTANTAwnouB vuLoenr - « - ^ - limit ( —^ . Unit or ynnociTT is any 

tU \A 1 / 

distance umt divided by any time unit. Sraan is the name for magnitude of velocity, and 
does not refer to its sense or linear direction. If s is not known in terms of t, but <hsplaoe- 
ments for several time intervalB, beginning or ending at the instant in question, are known, 
an iq^prox value of v can be obtained from a considerstion of average speeds. 

For example, determine the speed at 
time 1 = 2 sec, having given the accom¬ 
panying 4> sets of observed values for 
As and At. Column 3 is computed from 
the first two. As At ^ 0, the value of aver 
tidod^ in last column appears to ap¬ 
proach a limit of 3.6 ft per see. A value 
pf this limit may be determined graphi- 
oally by ^sttting time idtervals along the horis (Fig 138), and corresponding vahies 
of ayer vdodty vertically. The curve ADCD, "fair^” to meet the ordinate t hroi ii^ 
OmM Odro time interval), determines« = OE = 3.6 ft pw sec. 

n ■■ veloc at time ti, st = veloc at a later time fj. As = »i — »i, change in vdoe 
in time mterval At; then avbe aocbubeation As 4- At. If veloc changes at a uni- 
fotm imte, the actual acoderation at any time is A» 4* At. For every case, DwrAMTANWlua- 

AOtmumkftxxK * « = ^ ^ - limit (Unit or aocbuuation is any vsloo uitit 

Os di* atAo V'At/ , . 


«s — «i = A«, fast 

At, seconds 

A*+ At, 
ftpCBTSSO 

28.3 - 3.73 = 25.07 

2 to 6 = 4 

6.27 

20.83- 3.73 - 17.10 

2 to 5 = 3 

5.70 

13.82- 3.73 - 10.14 

2 to 4 - 2 

5.07 

8 1 - 3.73 - 4 37 

2 to 3 = 1 

4.37 
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divided by any time unit. 


The unit need herein is per eeoond per eevond. or ft per 
■ec*. If « or « are not known in ^rms I, 


but the diaplacemente or vdoo record* are 
avaiUUe, an approx value f^r a can be 
obtained froip a consideration of average 
accelerations. If the displacement record 
only is available, values of v must first be 
obtained as m the accompanying table. 

For example, determine the acceiera> 
tion at time t » 2 sec, having given t^ 
five sets of values for t and v as shown in 
first two columns of table. Columns S 
and 4 are computed from the first two. Values in last column are computed from third 
and fourth. As Al ^ 0, the value of aver acceleration appears to approach 1.6 ft per sec* 
as a limit. A value of this limit may 


t, see 

V, ft 

per tec 

at, MO 

At , ft 
per see 

At + At, 
ft per 
seel 

2 

3.4 

2 to 6 ■< 4 

4 8 

1.2 

3 

5.t 

2 to 5 «> 3 

3 9 

1 3 

4 

6.4 

2 to 4 - 2 

2 8 

1 4 

5 

7.5 

2 to 3 - 1 

1 3 

1 5 

6 

S 4 





be ’ deUamined graphically by plat¬ 
ting time intervals along the hori- 
sontal (Fig 139), and corresponding 
values of aver acceleration vertically. 
The curve ABCD, "faired” to meet the 
ordinate through O At E (zero time 
interval), determines a « OE — 1.6 ft 
per sec*. 

If s is given in terms of (, v and a are 
determined by differentiation as indi¬ 
cated above. If a is given in terms of 
(, a and s are determined by integration. 
The formulas are 


I 



r*. A*; A" A-x; A*- A*; A<- r-*- r-* 

*1 »^ *1 •» ii " *1 •'ll w o J 

in which si, vi, ft, are simultaneous values. For uniform acceleration, a — constant, 
V V of 4- Oo, s -■ i/s at* + Vo< + So, Vo being initicd velocity and So initial distance. For 
bodies falling from rest in vacuum, vo ■■ 0, so ■■ 0, and a ■■ g about 32.2 ft per sec*, 
* » i/a gt*, » gt « gs. 


47. MOTION GRAPHS 

Motion graphs. Dibta.nc]is-timb (s-t) ORaPH (Fig 140). Any ordinate represents value 

cts 

of s at corresponding time. Slope of tangent represents speed » — • CB must be read 

at 

to distance scale and AS to time scale; then speed v » CB 4- AB. SPBED-rniB (v4) 
onapu (Fig 141). Any ordinate represents value of v at corresponding time. Slope cff 

tanguit represents o FE is read to speed scale and DE to time scale; then o ■■ 

at 

FB 4* DE. Area between curve and time axis, limited by any two ordinates, represents 




in corresponding time interval. As « sq in of area X product of scale 
MWibers a* area X m X n. If area is below tune axis it is considered minus. AocoBtlajiU- 
, («h 4) onapB. Any ordinate represents value of a at corresponding timok • i^ma 

i^j^uMween aurve and time axis, limited by any two ordinates, represents change in speed 
eotresponding time hiterval, As sq in of area X produchrrf scale numbed BMhF* 
m^KcOB iv-*) onapR (Fig 142), for rectilinear or eurved.path. The subnohnM at any- 
A (hue AC) r^ressnis taq^tial oompooeat of accelendiion at eorrsapcmdiag ihsCati^ 





CUBVIUNBAE MOTION 36--51 

n 

S "wT ^5.**“*“ ttwnber andn - speed scale number, tbra a •• ilC 0a) X m* -!•«. 
(InFligl42,m 200, n - 30.) v / 

Simple Jumot^ mc^oa. If a point P moves in a dreular path of nulius r at uni- 
foim epe ed, itspro jeetion on any diameter has simple harmonic motion. Radius r is ealled 
AKFi^TDOB. Pbbioo is time required for the projection to go frmn one end of diameter 
to other and back. Fbbqubnot is number of periods per unit time. • 

When t * 0, let P be at Po (Fig 143). c is called the load angle (lag, if negative). Fbr 
simple hannonic motion (S H M) of V in the vertical diam, y - r «tn («+«)- r sin 

(«< + e), in which « « — ■■ radians per unit timA, 

ai 

Vy ^ ru coa (tf + *) * rw cos (u>t + e) ax 
ay •*— rw* sin (0 + «) «■ —rw* sin (wl + e) «■ — w*y 
For S H M of // in horiz diam: 

* r cos (tf + <) “• r cos (w^ + s); z* « —rw sin (ff s) —rw sin (w( + e) ■■ ““wyi 
Os —rw* cos (tf + «) « —rw* cos (w^ + «) ■. —&)% 

Crank and connecting-rod mechanism. Problem is to find expressions for the velocity 
and acceleration of any point in the crosahead, as A in Fig 144. Lot e - r + i,n = nv 




per sec (assumed constant), w » radians of angle described by crank per second, and 9 
distance of A from its extreme left jiorition. all distances expressed in ft. Then, 


■■ rw ^ 


8 ™ (1 + r) — I (1 — c* sin* 0)^ — r cos 9 


sin 9 + 


c sin 2 9 


f - , c COS 2 9 + c* sin* ff\ 

: o - rw* I cos 3 +----—jr- 1 

\ (1 - c* sin* d)” / 


2 (1 - c* sin* 

The above formulas arc exact; close approximations are: 

s ai r (1 — cos S) + 1/4 cr (1 — cos 2 ®); z ■■ rw (sin d 4 - '/s e sin 2 9); 
o rw* cos 9 + c cos 2 9) 

Exact and approximate formulas for a give same values for extreme riidit and left 
positions of point A. 


48. CURVILINEAR MOTION 

Curvilinear motion of n particle. The definitions of displacement and velocity, given 
at the beginning of article 47, apply to curvilinear motion. Velocity is a vector quantity. 
If t is distance measured along the curved 
path, the magnitude of velocity (speed) at an 

instant ■> ~ ; the linear direction of the ve- 

Cev 

loeity is tangent to the path at the instantsr 
neous position of the particle: and the sense 
ol velooity corresponds to the direction of 
motion of the particle at the instant. 

Aeealention for curvilinear motion is time 
rate <>( d£sage of vdoeity and is a vector 
qualtitil^. The velocity vector changes in 
iae 0 Diktti}e and direction. In Fig 145, let A, 

C gepresent positions of particle P in its curved patii, s, distance along the path, and 
*u sg, yelocitaf veetom at A, B, C. Plat velocity vectors 0'A\ 0'B\ Q'C\ etc. frau 
any of to lepresent the vdodties at A, B, C, etc. The curve A'B'C', drawn fhrooid* 
tta of the vemotiTia ealled a faodogpraph for the motioi. t nr every position o^ P in 
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ftopath, tbsrvisaeonreqwndiiigpoaitiouP'iiitliehodognipii; aadP'desaibesdivtAnoi*' 
on hodograph, while P deeoribe* dietaaoe • on peAh< Vector <yP^ repreaenta the ydocitgr 
of 1*. In time At, P movwi from A to C, its changes frpm O'A' to O'C', and the 

velodty dumge is A'C'. AvaniLoa AocmuBaA.'noN for interval At ■* vector A'O' At, 
and it has ^ direction of the chord A'C'. iKOTAiiTaMBOvs AConiiUU.'noN of P at 
A m a m limit of aver aoodemtion as At approaches sero. 


o 


limit 

AtAO 


^ vector A'C* ^ 



^ - spe^ of P' 


on hodograph. The direotion of a is along the tangent A'm', and as P' is moving oloekwise. 
the iense is as indicated by arrow at m'. Hence acceleration at A is Am. parallel to A'Af' 

*>*<1 0^ velodly unit divided by any time unit. 

OS 


Motten graphs. Speed may be computed from a distance-time graph in the same way 
as for rectilinear motion. Tangential component (see Art 49) of acceleration mi^ be 
ctHnputed from the speed-time graph; and the distance As may be obtained from the area 
under the curve. 


49. COMPONENTS OF VELOCITY AND ACCELERATION 

Comppaenta of velocity and acceleration of a particle for any curved path (not a plane 
curve). The position of the particle P, being defined by its coordinates x, y, s, the axial 

dx dy dz 

components of velodly are ^ ^ Hesultant velocity v ■■ 

Ve,* -i- Vy* -I- v«*. and its direction cosines are cos d* , cos d|, ^, cos d, -» — • Ax¬ 
ial components of acceleration are: see 

dtx dxy 6Py do, dPt 

“*“<»■<«»’ dt " dt* ’ ^ 

Resultant aocderation a ■■ Vo** + cty* -|- o**; and its direction eosmes are: 

Off Xm 

cos ■> — ; cos ; cos — 

o a a 

If the path is a plane curve, s* 0, a* -• 0. The tangential and normal components of 
dv d'^s 

acceleration are at •• t. "" a* * — , p being the radius of curvature. Resultant 

at (Ur p 

acceleration is a Voi* + o** ■ 


50. TRANSLATION 

Translation of a rigid body is a motion such that each straight line in it remains fixed 
in direction. The paths of all particles of the body are exactly akke, straight or curved 
(pot necessarily plane curves); the velocities of all partides at an instant are the same, 
and'thdr aoc^rations at an iiutant are the same. For these reasons, it is customary 
to use &e expressions, “velodty of the body*' and "acceleration of the body." 


61. ROTATION 


Rotation of a rigid body is a motion such tiiat one line of the body, or of its extension, 
remains fixed. The fixed line is the axis. The plane through the mass center perpei^e- 
ular to the axis is the plane of rptation. The paths of all partides 
are drcles with centers on the axis. Since all lines of the body 
parallel to plane of rotation sweep through equal angles in equal 
times, it is customary to describe rotation by ^e behavior of one 
radial line. In Fig 146 let d be the angle from the x-axis to tibe 
radial line OP. Ad « dj — di is the amouzab DisPiixeBiCBMt Of 
the body in the time Ai « is — U, and is expressed in any angular 
imit. Awgulab vanocnr is the time rate of angular diqdacemiat. 

dt — dt Ad 

Average angular vdodty ■■ ■■■ ■ -r-* The Unfit of iiifai 

is — ft A< 



fig 146 average, as Ai approaches aero, is the ipstantaneous aagotw 

velodty. The qrmbol for 'angular velodtl^ )> u, and d 

RmH ** ^ sagnlar unit divided by any time unit^ ageh 69 



niANB MOTION 


M-ta 

Til* Irian Itopwi. on the 

niunerntor of the fraotioiit or the wey'in whidi B is obnnahia* AKoonmi noonuuiAXioif 
is the time rafe of angolsr -veloeity. Average angniai* aooeleration ■■ m 

If iSU 

lisftit of tliia averagOt as Ai approa<dies aeroi is instantaneous aooeUiratioii« 

The symbol for.angular aooeleration is a, and a « limit ( — ] • — in The sign 

A<-o\^</ dt dt* 

of or depends on the numerator of the fraction, or on the way in which w is changing. 

Belations between v and o of any point P, of a rotating body and u and a of the body. 
Let r ■> radius of path of P. Then o — rw, at — ra, a» no*, a "• r Va* + «*. 

Sense of v must agree with eense of <a. Senae of at must agree with sense of a. ^nse 
of ttn is always toward the axis. 


62. PLANE MOTION 

Plans motion of a rigid body is a motion sudi that each particle of the body moves in 
a plane at a constant distance from a fixed plane, through the center of gravity, called the 
plane of motion. Each line of the body parallel to plane of motion turns throng the same 
angle 9 in the same time interval. Anqulab nxspnaciaisNT of the body in time interval 
At is change of a n gu l a r position of any line in the plane of motion. Angulab vblocixt 
is time-rate of angular displacement. Angulab accblbbation is time-rate of angular 
velocity. The expressions, units, and rules of signs for plane motion are the same as those 
for rotation about a fixed axis (Art 51). Angular displacemeat is A9 « 0t *- 9i; angular 

veloeity 1 B 0 m ; angular aooeleration m o » -r;* 

wv 0* Cm 

A plane motion may be traced by giving the history of the movement of one point of 
the body (called m base point) in its own curved path, and a description of the rotation ef 



the body about the selected base point. The point selected as base should be one for 
. which the motion is readily specified. In the case of a wheel rolling along a stiraight path, 
the center would be seleoted as a base point. Yblocitt of ant point P of the body, at 
an instant, with respect to a fixed point O, is the vector sum of the velocity of base point A, 
with respect to O, and of velocity of P with respect to A due to rotation about A. Thus 
(Fig 147) 0 i» fiix^ point, A the moving base point, and P any other point of the body at 
distance r ftom A; vi is velocity of A with respect to O, and ®t rw is velocity of P with 
respect to A, Re^tant velocity of P with reqwet to () « «; or 


sptoO ■■ sjptoA + vji toO 

AooauBBATioN OF ANT POINT P, With respect to a fixed point O, at an instant, has ^w» 
components; one is that of the base point A with respect to Q, and the other Aat, of P 



vector sum of 


frationof—--- ----- - , « 

tjk^ of P tp A is resultsnt of at and an> Acceleration of P to O is o 

A Nrbeel of 6 ft radius rolls along a straii^t horis ^th, and at a osrt^ 
Instant the point P, 2 ft from center of wheel, is in the position shown m Ity 14w. At 
a im ta » 16.75 -radians per sec and « "* 5*6 radians per sec. Deternune tbs 

' i ntofitiyjmil aooeleratipn of point P with respect to fixed point 0 at the verified instent. 
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&ovamos. Seldot eenter A as baas point. From relation betmoi t Mtute at May ppint 
of a rotate body* and 0 and a at the body (Art'S!), 

tptoA"‘m^2X 16.75 «■ 33.5 ft per seo, vwtioaUy upward. 
v^toOp>rw«*6 X 16.75 100.5 ft per seo, faorisontaUy toward left. 

Therefore, to O » 106.3 ft per see, upward to left, at 18^ 25' to horisontal (Eig 1405). 

to 0 ■■ ra 0 X 5.6 <■ 33.5 ft per seo*, horisontally toward left. 

at -i rot * 2 X 5.6 ■■ 11.2 ft per sec*, vertically upward. 

o» >■ rw* 1 - 2 X (16.75)* ■■ 561 ft per sec*, horisontally toward left. 

Iherefore, Op to O 595 ft per sec*, upward to left, at 5' to horisontal (Fig 149o). 

Instantaneous axis. For a body having plane motion, there is always one i>oint in 
it (or in its extenmou), at each instant, for which the velocity with respect to .4 is equal 
and opposite to velocity of A with respect to O, that is, its velodty is sero at the instant. ’ 
This point Q is called the instantameolb (or instant) cbntbb of rotation, and a line 
through Qt perpendicular to the plane of motion, is called the instamtamzioub asob. Since 
Q is at rert for the instant, the resultant velocities of all points at the instant are purely 
rotational about the instant axis. The instant center is the intersection of two lines drawn 
from any two points, C and JD, in the plane of the motion, perpendicular to thdr veloci¬ 
ties. If the velocity of the point C is known, u for the bo^ is determined by dividing 
«• by the distance of C from Q, or by r^. The velocity of any other point E iB 0 X tg,. 
perpendicular to the radius rg. 

The position of Q in the body (or in its extension) is contmually changing; its locus is 
a line (usually curv^) fixed in the body and moving with it, called the body cawTBObB. 
The locus of ^e positions of Q in the fixed plane of motion is a line (usually curved) called 
the BFACB CBMTBOOB. The plane motion may be considered as produced by the rolling, 
without slipping, of the body centrode upon the space centrode. 


KINETICS 


63. FORCE AND MASS UNITS 

Mbbb is the quantity of matter in a body; it means substance as measured by a beam 
scale. Standards of mass are the pound and kilogram; they are certain pieces of metal 
preserved in Ix)ndon and Paris. The mass of a body does not change with locality. 

A force F acting on a particle of mass m gives it an acceleration a parallel to the force, 
and the relation between the quantities is given by the equation F >■ Kma, in which 
JT is a constmt. It is customary to use a kinbtio system of units, one for which It 1. 
For aueh m system, unit force gi^ to unit mass unit acceleration. Hie c g s system of 
units ia a kinefio system; in it, force is measured in dynes, mass in gm, and acceleration 
in cm per sec*. The system is called an absolute system, because the units are constant.' 

Units. The Enidisb-speaking engineers' unit of force is the pull of the earth on 1 lb 
oi mass. This amount of pull ia call^ onb pound of fobce. As this babth fuia varies 
with the elevation of the pound of mass, pound fobcb is not an absolute unit. But, the 
range of variation is so slight, that the error involved by assuming it constant is negligible 
in most computations. Ihe engineers’ corresponding mass unit has no standard name, but 
will hwe be called a snuo; it is the mass in which an acceleration of 1 ft per seo* is produced 
by a force of 1 lb. 1 dug of mass ■■ about 32.2 lb of mass. In any computation that 
involves mass with pounds force, feet distance, and seconds time, mam diould be reduced 
to dugs. Slugs of mass • wt of body (lb) 4- 32.2 (approx value of acceleration due tip 
gravity. In the following problems, the numerical v^ue of this aocei is taken as 32). 


64. MOTION OF MASS CENTER AND TRANSLATION 


For any particle of bbssb in 
/oomponents in,any x direction of 
Af 1^ gU foroes aotlbg on the particle , 

briefly, if Sm reproaonte the oosnpoiuBrt of Earn raaoltaat in then diraetiott, 

Eg * EFg *■ tiutm 


ymass of particle timea itah oompooMitx 
V of acceleration / 


ur 



LUO, 


J 

(O 

•) 


iD) 

Make a sketch 


MOTION -OF MASS CENTBS AND TRANSUWON 36-66 

For aoF Ixidy, rigid or ndh- ri pH, 

S /«ompon«iiBinanysdireotionof fdl\ . \ 

{ » external forces, pairs of internal 1 - f eystem times x oompo-A 

• \ forces exc h id fld / \ “ acceleration of mass center J 

or. more briefly. ZF««Afa, . (B) 

This is the CQuation of the motion of the.ma88 center of a body or system of'bodies. 
Sigid body haeing motion of translation. Velocities of all particles are the same, 

> and aoodmations of all particles are the same. Resultant of all applied forces is a angle 
fottee R "• Ma, acting through the mass center, parallel to the acceleration, 

( components in any x direction of\ / ....... 

. appUed forces, including weight ) - * component'^ 

of body / o* ar* 

or, more briefly, Rx ~ ^Fx "• Max 

Aim, 

^moments about any x-axis of ap-\ /_. , ..... 

plied forces, including weight of resultant about same 

body / \ 

or, SJlf* ■* Max X arm 

Following method of procedure is advisable in solving a problem: (a)_ 

of the body and place arrows upon it to represent all forces (including resultant at tnn* 
center), indicating unknown forces or distances by letters. Do same for each body if a 
system of bodies is under discussion. (6) Write as many resolution equations (C) and 
moment equations (D) as there are unknown quantities, (c) Solve the simultaneous 
equations to determine unknown quantities. 

Fmmple 1. A rectangular box (Fig 160), 2 by 2 by 8 ft high, weighing 480 lb, is placed 
upon a rough flat-car. If the car is running on a straight level track, what acceleration will 
catue the box to tip? If coefT of 
friction >■ 0.22, will the box slip or tip 
first? Solution. If tipping about 
edge *0 is impending, normal reaction 
is in position shown by N. By equa¬ 
tion (D), Silf 0 - -480 X 1 - -*“/82 
X o X 4; hence o — 8 ft per sec*. If 
slipping impends, N acts through some 
point O' at distance x from center 
line. ay 0; hence SFj, 0 » 

N - 480, shows N - 480 lb. Limit- 0 .0 RfMg-j 

ing friction « 0.22 N 106.6 lb. By 
equation (C), SFx ■■ 106.6 ■■ **®/8a 
X a; hence, a ■■ 7.04 ft per sec* to 
cause slipping. As this v^ue of a is 
smaller than the first one, slipping 
will occur before tipping, x may be 
foxmd from ZM«' — —4 X Ma. 

Example S. A mine car (Fig 161), 
woii^ing 060 lb starts up a 70” slope, 
with an acceleration of 6 ft per sec, 
and is stopped at top with an accel¬ 
eration of 4 ft per sec*. A 196-lb man 
stands in the car. Determine starting 
and stopcdng tensions in the cable, 
if tike frictional resistance amounts to 100 lb parallel to track 
man’s feet for starting and stopping. Solution: . 

' For’starting, man and car: 2F, - F - 100 - 1 156 atn 70" - “6«/8* X 6 - 216.9, 
hence, T - 1402.9 lb. ^ ,,,, 

For stopping, man and car: ZF* « T — 100 — 1 156 nn 70 /si X 

‘144.5; Woe. T x 1 041.6 lb. Tir . F 

MnA only, starting: ZF. - P* - »«/8i X 6 cos 70" - 12.57 lb to nght. ZF, - P 
S(196^ *^*/8i X 6 s»n 70" - 34.66 lb; hence, Py - 230.66 lb up. P - 231 lb up 

gt «n|b ^ 3" 7' to verticaL « «« - 

JParfdiiS; ^Wiing: ZF, - -P, - »**/8i X (-4) cos 70" - 8.38 lb to iefti ZF,- 
X (-4) sin 70" - 23 lb; hwoe, P, - 196 - 23 - 173 Ih up. 
F ttit^ip Jo left, at snide of 2" 46' to verticaL 
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Fig 150 
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Hgl51 


Also find reaction of car <» 


(-4) 


V 
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66. ROTATION AND PLANS iffOTlON 

UfM body hotriaf motloa ot rotatiott about a fixed azia. Angular Telocity « u, 
angular acoderation ■* a,[ and moinent of inertia of body about aade of rotation J. 
The uaual equation of motion ia 

about aziB of rotation\ / 


V /'“Tj? jSSil a ta»rti. .bout»!. d r(>te-\ ' 


or. more briefiy, Zfif >■ la {S) 

Equation (E) is used to determine one unknown quantity, as a force, an ann, a, or I, 
according to the problem. In solving problems dealixig with a connected system, in which 

certain bodies have motion of translation and 
others rotation, (C) and (B) may be tised as simut 
taneous equations. 

Example 8. Motor M (Fig 152) is geared to 
hoisting drum D to raise and lower weight A. 
Aasume A descending at speed of 16 ft per sec, and 
determine tangential force S, exerted by motor, that 
will stop A in 30 ft at a uniform rate. Also, deter¬ 
mine tenaioiu P, Q, and X during the motion. Neg¬ 
lect mass of motor armature, and neglect all friction 
except that of axle on S (weights and sises are not 
selected to conform to practice, but to illustrate the 
method of writing and uting equations). Solution. 
Detennine acceleration of A by formulas given 
tmder Rectilinear motion (Art 46). 

y**scfs — y**ods: ® ^ ® ■* P" “®* 

By Viuations given imder Angular acceleration (Art 51), 3.75 ^ ^ 2 "• 2ajj. 

By (O and (B) of this Art, equations of motion for each body are: 



1 24S 

P~ 1248 - X 3.76 
32 


146.25 


1 128 8 75 

2XQ-2XR + 400Xj-^ (1.2)* X ^ - 10.8 

1 X E - 1 X « - § (ly X 3.76 - 6.33 

4X5-2XE - ^(2.5)* X ^ - 03.76 

Solution of these simulianeotu equations determines S 701.4 lb, P ■■ 1304.3 lb, Q ■» 
1 840.7 lb and E « 1356 lb. The required motor torque ia 5 X r "i 701.4 X 0.5 
861 ft4b. 

An axis of rotation which does not pass through the mass center must be held by forcee 
(exerted by bearings) to keep it from shifting position. These bearing reactions depend 
upon the wriight of the body, the marmer in which the mass of body is distributed about the 
axis, tim applied forces, the angular velocity w, and the angular acceleration a. Generally, 
tibe resultant of the applied forces for such a body ia not a angle force, but a single force 
at a edeoted qrigin a^ a couple. Sdecting the origin on the axis of rotation, the axial 
components of the single force and axial components of the couple are given by the follow* 


ing six equations: 

Zlfs ■■ —a J’zy dm — u^J‘y$ dm 

ZF» ■ Ifia — JfSu* 

ZF 1^ 0 


ZFf • ~-Mxa — fifiw* 

ZAf« — ~‘^j y» dm + «*y *y dm 


b these equations, the axis of rotation is fundamentally the Y-axis; «, y, and i arc 4hw 
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fotjution About Z^tixit from + JT to + P i# positivot 
rotation about X*axiB from ■ir K to +2 is positivo, 
rotation about F-axis ih>m +Z to +X is positive. 

Eiputtons (H) are simidtaneous at each, instslit. They are used more often to detennine 
the lames exerted by the bearings on the axle, than to deteimine £he resultant. 

Special ease (Fig 153). Choose the .ST-axis through the mass cemter and let 2PZ be • 
plane of symmetry of a homogeneous body. The resultant is a single force in the pUw 
of egpiunetry having ^e Z component —M2a and the X component —Mxa* acting at 

peunt Ce OC * » ky being radius of gyration about K-axis. If x ^ 0, the resultant 

“ X 


beemnes a couple, in the XZ-plane, of moment « ZJlfy If a ■■ 0 and S ^ Cl, 

the resultant - — JfiM*, in the sense CO. If a > 0 and x - O, the resultant vanishes. 

Centrifugal force, body rotating about fixed F-axis. Any 
particle of mass m moves in a circular path of radius r. The 
rMultant of all forces acting on the particle has a normal compo¬ 
nent • mra* and a tangential component ■■ mm. The compo¬ 
nent mra increases or decreases the speed of the particle; the 
component mru* continually changes the direction of the linear 
velocity. The resultant of such forces for all the particles of the 
body is oquii-alent to the resultant specified by equations (/f). 

If w is constant and oe » 0, the resultant force acting on a par¬ 
ticle to make it rotate in its circular path is mrul ^ toward the axis, and is called cbmtbii>- 
BTAL roRCB. CBNTRntroAL FOBCB for the particle is equal and opposite to centripetal 
force, and is exerted by the particle upon its neighboring particles, or upon the axis of 
rotation. Cbntbifuoal resultant for a body is the resultant of centrifugal forces of 
all its particles. Generally, this resultant is not a single force; it may be computed 
from equations (H) by making a 0 and reversing senses of resultant force and couple. 

In the three following cases the centrifugal resultant is a single force: Case (a) Fig 154. 
Body has a plane of symmetry, XY, containing axis of rotation and mass center. Cen¬ 
trifugal resultant is a single force ■■ Mxu*, in XF plane, perpendicular to F-axis, at a 

distance y' ^J' xydm^ -4- Mx from the XZ plane, and having sense EG. Case (5). 

Body has an axis of symmetry parallel to axis of rotation. Case (c). Body has plane of 
aymmetry perpendicular to axis of rotation. In cases (b) and (c), centrifugal resultant is 




Fig 154 



Fig 165 


a single force « Mxu*, acting through mass 
center outward and perpendicular to axis of 
rotation'(x specified in Fig 154). 

Center percussion. Let Fig 155 rep¬ 
resent a pribmatic bar suspended on a hori- 
sontal F-axis at 0. 0 is the mass center. If 
a force P, parallel to X-axis, is applied to 
the body, the axle reaction at OD will gener¬ 
ally be inclined to the Z-axis at some angle 
the angle depending on the distance A of P 
from the axis of rotation. If A >■ A,* z, 
in which kg is radius of gyration about Z-ws, 
P will cause no x component of axle reaction, 
that is will be zero, and the point C, where 
the action line of P intersects OG, is the center 


of percussion. In impact testing machines, hea^'y pendulums are used to deliver blows, 
and proper design requires the striking point to coincide with the center of percussioo, 
in order to avoid ^ock to the axle and detrimental vibration of the pendulum itself. 

Body having None motion. This motion has been described as translation of a base 
pointiia the plane of motion, and rotation about the base point (Art 62). Choose the mass 
oenter M'base point and origin of coordinates, and the XF plane as plane^ of motion* 
Resultant of all applied forces may be described as a single force and a couple in we Pl^o 
of motion. The eouplo is computed from the equation SJlf* * Igoc ^ Mkg a, in whicn 
reNnsMiti sum of nwanents of applied forces about Z-axis. 1$ ** 

Of in^ and radius of gyration about the Z-axis. The smgte force acte^rou^ the maos 

oenimr, And its components are given by B* " - iua*. - 

rP, *0. SBy, and ZFg, are sums of componentt of ail applied foroM, and da, dy 

'are oot^toiMntB of adoetention of mass oenter. 
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Se. WOBK, B^GT AND POWBR 

« » 

Work of a constant force is the product of the force and the effeotiTe displacement 
of its application pointy Effective displaokment of application point is tbo' compdnefit 
of the cUviocoment parallel to the force. In Fig 156, the work of force F as application 
point describes path AB •• F X AC. Since F {AB eoa a) •• {F coa a) AB, tlm work is 
also equal to displacement of application point times component of force pwallel to the 

displacement. Work of a variablo force is / F coa a da ^ I Ft da, in which F Is the 

•'*1 

variaUe force, da is the elementary length of path, oe is angle between force and element da, 
and Ft is tangential component of force. The sign or work is plus if force and effective 
displacement have same sense, and the rngn is negative if tiiey differ in sense. 

Uidt of work is unit force times unit distance 1 erg »= 1 dyne cm. Work done .by a 
body against a force is equal and opposite to work done by the force on the body. 



Fig 156 Fig 157 


Work diagram (Fig 157). Plot values of Ft as ordinates, corresponding values of s as 
absoissda; draw curve AB through ends of ordinates. Area ABDC times mn equals work, 
in ft-lb, done by Ft over distance si — si. 

Work of gravity on a body in any motion equals product of weight and change in 
height of the center of gravity. Work of a central force F (one always directed toward 

' F dr, in which ft 
ri 

and fs are the distances of the application point from the center at the beginning and end 
of the displacement. 

Work done by a pur of equal, opposite and colinear forces, for any motion of their 
application points, A and B. If force on A acts from B toward A, work of the pair •• 


/•rj 

/ F dr', if force on A acta from A toward B, work of the pair "• — / F dr. In these 

•Tft •'Ti 

formulas, n and rt are the initial and final distances between A and B. Work of a torque 
T on a body for an angular displacement of 9 radians T9. 

Power is time-rate of doing work. Let P power and w — work; w » /p,*. 

and P ^ Ft^ ^ Ft t, V being speed of application point of force F. Ji F equals 
dt di 

power (rate of doing work) of the steam in a locomotive, R *• total resistance (grade, air, 
rolling, etc), Af, v, and at being mass, speed, and acceleration of trun respectively, then 
P As + Mvat', P » 0, for V « 0. Power of a torque T ■■ Tu, u being angular velocity 
of rotating body. Unit of powbr is any work unit divided by time unit, such as ft4b 


per sec, ft-lb per min, or erg per sec. (10^ ergs per sec 1 watt). One horsepower 
550 ft-lb per sec -• 33 000 ft-lb per min. 


Energy. A body possesses energy when it can do work against forces applied to it. 
The amount of energy possessed at any instant is the amount of work the bo^ can do in 
chan gin g to some standard state. Kinbtic xnbbqt (K E) of a body is energy posseued 
by virtue of its velocity, and the standard state is zero velocity. K B of a particle if one- 
hidf its mass times square of its velocity. K E of a body in translation ■■ 0.5 JIfs*. K E of 
a rotating body 0.5 lu* -• 0.5 Mk*u\ t, k, and a being moment of inertia, n^iu of 
gyration, and angular velocity about axis of rotation. KE of a body having plans 
motion 0.5 /u* - 0.5 Mk*ta* • 0.5 Afv* + 0.5 Ita*, in which 7 and k refer to instaata* 
neous axis, i velocity of mass center and 7 is moment of inertia about axis tiirough injtiw 
omter peipeildioular to plane of motion. Unit of K E is same as unit of WDfk, uiuilly 
fidb. In computing K E, engineers use mass in slugs, s in ft per aeo, w in radians per ese, 

of work and Idaetle energy. Total work of tiie applied foreee acting im any 
ItoAft nr en*aay system of connected bodiei, equals the Shange in the kin^e energy si 



IMPULSE AND MOMENTUM 36*^ 

V » . , ‘ I * 

Sf *”‘^**' Work^ do&e « A K E. Cluuics in energy in trenelntion •» 0.S 
AT (<v ~ vi^, «{ and being initial end final vdodties. Change in eneigy in rotation *■ 
0.'5,/ («P — aiiP) » 0.5 4f** (wi* — Ml*), «i and wj bdng initid and final angular wlocitlw. 
In plane motion/ohange in K E ie 

A K E ™ 0.6 1 ((ft)** — ■ 0.6 Jtk* («** — «i*) 

- 0.6 Jf (ri* - 5i*) + 0.5 7 («i* - «!*) 1 0.6 JIf (5|* - »i») + 0.6 ATS* («,» - «i*) 

in which I and k refer to instantaneoue axis, 7 and £ to a parallel azia through maee Qenter« 
and V' is velocity of mass center. 

Bland** 1*1 example 3, Art 65 (Fig 152); (o) Use principle of work and KE to 
find constant torque M necessary to stop body A in 30 ft, from a downward veloo of 
16 ft per sec; (5) Find tension in cord P; (e) Find power of motor for above value of 
torque, when veloo of A is 10 ft per sec. Solution: 

Work of gravity is positive * 1 248 X 30 - +37 440 ft-lb 
Work of axle friction is negative » —400 X * 0/2 x */4 — —1 500 ft-lb 
Work of motor is negative • —M9 — —JH X 60 X 0.5 - —120 M ft-lb 
Total work —120 Af + 35 940 
Final K E « 0, and change is a loss, or negative. 

For 2>. A K E - */s Mk^ («** - «i*) - - Vj X *M /»2 X «/4 X («/*)* -'-1 408 fUb 

For C, A K E - Va Afk* (w** - «i») - -Va X w/aa X »/ie X (16)* - -18J.8 ft-lb 

, For B, A K E - 1/2 Mk* («,* - «i*) - - Vs X “Vsa X (1.2)» X (“/a)* - -162 f«b 

For A, A K E - Va -W (*** - »i*) - - Va X l*«/8a X (16)» - -4 387.6 ft-lb 

Total A K E - -6 147.3 fUb 

(o) Since W - A K E, -120 Af + 35 940 - -6 147.3; hence, Jf - 351 ft-lb 
(b) When vj, » 10 ft per sec, u of motor >■ 40 radians per sec 

Power "■ torque X w * 351 X 40 ft-lb per sec ~ 351 X 40 4* 550 i- 25.5 hp 

(e) To find tension P, apply principle of work and K E to body A alone. 

, Work - (-P + 1 280) 30 - -30 P + 37 440 

A K E - Va Af (»»» - »i*) - Va *®*®/82 (0 - 15*) - -4 387.5 ft-lb 
Then, -30 P + 37 440 - -4 387.5; hence, P - 1 394.3 lb 


67. IMPULSE AND MOMENTUM 

Linear impulse of a constant force F for time ( =“ FX t. If the force varies in magni¬ 
tude vxd direction, the impulse is computed from axial components of impulse, which aee 
found by t*lfin g time integrals of axial components of the force. The three axial 

component impulses are / Fjcdf, fFydt, f^Pgdt; the resultant of these is the im- 

, •'*1 •'ti •'t\ 

pulse of the force F. Impulse is a vector quantity; hence the impulse of the force equals 
the squsure root of the sum of the squares of the components. The direction cosines of the 
resultant vector are determined in the usual manner (see resultant of noncoplanar con¬ 
current forces or resultant velocity in curvilinear motion). Unit of impulse is unit 
force'times unit time, or lb-sec in engineers’ units. 

Angular impulse of a force about a line for a time interval dt is the product of the 
moment of the force about the line and the time di. If 2’ represents the moment or torque 

of the force, the angular impulse for the time interval — V " / T dt. Unit of angular 

impulse is unit moment times unit time, or ft-lb-sec in engineers’ units. 

Sign of impulse. Impulse of a force tending to increase velocity of the body to which 
the force iS’Spplied is positive; that which tends to decrease velocity is negative. 

Unear momentum of a particle is the product of its mass and velocity. It is a ^vector 
quantity and has the sense ahd direction of the velocity. Unit of momentum is umt . 
ihass tistes miit velocity and is equivalent to unit of impulse. Linear momentum of a 
body is the resultant, or vector sum, of the momentums of its particlM. In my motim 
the linear momentum of a body is Mi, M being mass of the body and v the velocity of its 
mam omitt'. In ongineem’ units this is expressed in slug-ft per see or lb (foroe)-eec. 

Aagplar momentum of a particle about an axia is the moment of its momentum ateut 
that ayjjsr In FIs 168,,let mv ^ momentum of particle P. Resolve the momentum mto 
ootppmtlBita parallf^ and perpendicular to the axis. DB is perpendicular distance from 
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axil to lino AP. Tha momantum of P ■> tw* loa « X DB. Jhn aosolir nomontun of 
abodyib^tanaxiiiithealeebraioRumof tlieaivuliriiioiQMtaiiuiofitipartiolM. tlw 
nunneatuin of a rotating body about tha ad# of rotaUmii lia m I and k 

being moment of inertia and radiui of gyititiaa about 
the axil df rotatton and a tha angular valoci^« Engi* 
neera uae / in slug ft*, w in radi^ per aao, M iu aluga 
and k in ft; tha unit of tha quantity ia alug ft* 9 ar aao 
or lb (foroe)-ft-8ao. 

Piindpla of impolia and mmsantam for a body. 
The change in the component of linear momentum 
parallel to any axis x in the time h — ti equals the 
algebraic sum of the components of the impulses of the 
applied forces parallel to the axis in the same time, or, 

more briefly, A "• sr Fg di. The change in 

the angular momentum about any axis y in tiie time 
ta — ti equals the algebraic sum of the angular impulses 
of the applied forces about the axis in the same time. 



Fig 158 


or A (Jy ») <■ 2 component of linear momentum and the angular mo< 

mentum remain constant if no forces are applied. 

Thraitipla . In example 3, Art 55 (Fig 152}, assume the time required to stop A is 4 sec. 
Uae principle of impulse and momentum to determine tensions P and Q, Bohvnotf: 

For A, AliMig) - * 

« *1 

1S48/,I (0 - 15)- -585 -+1248X4-PX4; hence, P - 1 394.3 lb 
For B, A (lyu) - S f**“*Ty dt 

•'ll"© 

1M/m (1.2)* (0 - 7.5) - -43.2 --0X2 X 4 + 1 394.3 X 4 - 400 X »/« X 4; 
hence, Q ■■ 1349.7 lb 
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CHEMICAL AND PHYSICAL NOTES 
AND TABLES 


Table 1. The Cbamical Slementf, 19S4 (a) 


Element 

Sym¬ 

bol 

Atom 
wt (5) 

Valence 

Element 

Sym¬ 

bol 

Atom 
wt (6) 

Valenoe 

Alnmitilititi . .. 

A1 

26.97 

Hi 

Mercury. 

Hg 

200.6 


Anfitnony. 

Sb 

121.76 

t’tir V 

Molybdenum. 

Mo 

96.0 

tl, pi 


A 

39.94 

0 

Nickel. 

Ni 

58,69 


AvRAflfiA. 


74.91 

tu» V 

Nitrogen. 

N 

14.01 



Ba 

137.37 


Osnutim. 

Os 

191.5 



B1 

209.0 


Oxygen.... 

o 

16.0 


¥l#iip#tn..t.... 

B 

10.82 

iii 

Palladium. 

Pd 

106.7 

«“a 

llrAmjnA. 

Br 

79.92 

i 

Phoephonia. 

P 

31.027 


riAflmliifn _. .. . 

Cd 

112.41 

ii 

Platinum. 

Pt 

195.23 

iif » 

rjfbiftifim . . 

Ca 

40.07 

ii 

Potaadum. 

K 

39.09 

i 


c 

12.00 

IP 

Radium. 

Ra 

225.97 



Ce 

140.13 

Hit IP 

Selenium. 

Sc 

78.9 

tf, ei 

nhlnpiiMi .. 

Cl 

35.457 

i 

Silicon. 

Si 

28.06 

IP 


Cr 

52 01 

ttl'r M* 

Silver. 

Ag 

107.88 



Co 

58 94 



Na 

23 0 



Cb 

93.3 

til*, p 

Strontium. 

Sr 

87.63 

ft 

CnmiM'.. 

Cu 

63.57 

t, ti 

Sulphur. 

S 

32.06 

tty tP| Pt 

Fluorine. 

F 

19.0 

% 

Tantalum. 

Ta 

181.4 

ttf, f 


ol 

9.2 

ii 

Tellurium. 

Te 

127.6 

«t\ iP| pi 

Oold. 


197.2 

ii ill 

Thatlium. 

Tl 

204.4 

ttt 




0 

Thorium. 

Th 

232.15 

IP 

TTvfImMin 



i 

Tin. 

Sn 

118.7 

tty i9 

Tnirllni,. .. 


126.92 

i 

Titanium. 

Ti 

47.9 

tti, it 

Iridium. 

Ir 

Fe 

193.1 

55 84 

IP, Pitt 

Tungsten. 

W 

IT 

184.0 
238.14 

ti, ip, Pt 

T,An8h^mmi ... 

La 

138.92 

ill 

Vanadium. 


50.96 

iff, a 

Load.. 

Pb 

207.2 

ill IP 

Ytterbium. 


173.04 

ip 


Li 

6.94 

t 

Yttrium. 


88.9 

it 


Mg 

24.32 

it 

Zinc. 

m9m 

65.38 

ti 

MansancM. 

Mn 

54.93 

ft. tp 

Zirconium. 


91.22 

tP’ 


(a) OnittincSS damenta of amdl intareat to enaineera. For otomio wdabta of all elamcnta, aaa 
Jour Amor Chom Soc. The Sodety publiahea, from time to time, auoh chengea aa may be due to fut- 
ther inveatigaticm. (h) Figurea for 1934; baaed oo oxygen » 16. 


Orottiilng of olomonta baaed on ntnilarity in chemical proi>ertiea (same omiadona m in 
Table 1): 

1. Htdboobk 

2. CBbOBiHa, bromine, iodine, fluorine 

3. OxToaor, aulphur, adenium, tellurium 

4. Nirsooaoi, phoapitorua, arsenic, antimony, bismuth 
6 . Carbon, ^o<mi 

6. Boron 

7. AxiKAZsaa: lititiium, aodium, potassium, ammonium (NHa) 

8. Axxaunr babtbb: barium, etronthim, caldum 
B. Maonrbium, gluoinum, sine, cadmium, mercury 

10. B 11 .VRR, copper, gold 

11. ALVMtNTTu, yrttrium, l antha n u m , ytterbium, thalli u m 

12. Iron, niekd, oobidt 
18. Manoanror 

14. Chrokhtu, molybdenum, tungsten, uranium , 

. laatl. titanium, airconium, cerium, thwhim 
. . 18, Vanaoiuis, tantalto 

tT« FRllRdwnn, oamhim, IridiniB 
















































































CHEMICAL AND PHYSICAL NOTES 
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To eoatpiito votcontaco compoaitloii from a fonnula. Two eramplaii; 


. CAXiOrDW raOBPBATD 
Cai{P04)s 

Ca... .8 X 40.07 - 120.21 - 38.7% 

P.2 X 31.027’'- 62.054- 20.0 

0.2 X 4 X 16 - 128.00 - 41.3 

Fonaula>weight — 310.264 — 100.0 


Kaoun 

HtAlt(Si0^i, BsO 

H.2X 1 008 - 2.016 - 0.8% 

A1.2 X 26.97 - 53.94 - 20.9 

%.2 X 28.06 - 56.12 - 21.8 

0. 2X4X 16- 128.0 - 49.5 

HjO_2.016 + 16 - 18.016 - 7.0 

Formula-weight — 258.092 — 100.0 


To dotetndne fommla from aulyiio: divide percentage of each element by ite atomio 
weight, and reduce quotients to least common denominator. Example: 


Phosphorus 
Hydrogen.. 
Sodium.... 
Oxygen.... 


21.82% + 31.027 - 0.703 - 1 
0.71% + 1.008 - 0.703 - 1 
32.43%+ 23.00 - 1.407 -2 
45.02% + 16.00 -2.814-4 
99.98% 


NaiHPOt 


Computations from analyns will not always work out^mth mathematical prednon, 
bat small errors can be compensated according to the fundamental law that dements 
always combine in simple proportions represented by whole numbers. 

Determining formula of a mineral from its analysis is complicated by fact that few 
natural substances are “chemically pure”; certain constituents of a mineral from one 
locality may be found, in same mineral from a different locality, to be replaced wholly or 
partly by another element. First convert percentage of minor element to equivalent per¬ 
centage of preponderating element of same group, equivalents being directly proportional 
to atomic weights; then compute ratio of elements (or molecules) in same mannw as above. 
Example: 


Analysis of a garnet: 


SiOa. 

39.85% 

AliOt.... 

22.07 

FeiOi... 

1.13 

MgO.... 

0.68 

CaO.... 

36.31 


100.04 


FeiOt : AltOi - (2 X 55.84 3 X 16 - 159.68):: (2 X 27.0 

-h3 X 16 - 102.0) - 1.13 : a. a - 0.72; that is, 1.13% 
of FejOi is equivdmt to 0.72% of Al^t. Similarly, 
MgO'.CaO - (24.32 -f 16 - 40.32):: (40.07 + 16- 
56.07) - 0.68 : a. a - 0.94% CaO. 


SiOi. 39.85 + (28.06 + 32) - 0.660 - 8 

AIiOi. (22.07 + 0.72) + 102.2 - 0.223 - 1 

CaO. (36.31 + 0.94) + 56.07 - 0.664 - 3 


l^pe formula: 3CaO*AlsOi‘3SiOj 
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CBEMICAI. AND FBTSICAI/ NOTIDS 


Tsble t. Competition, etc, of Mpre Important Indattrial Compoonds 

(For eompoxition of minerals, see Sec 1, Tables I-VIII. For gases, see Sec 8P, Art 7-10. For 
organic and inorsanic compounds, see Van Noetrand’s "Chemical Annual,” Merelc’s 
Index,” or U S Fharmacopaia.) , 


potassium I AljCSOtlt 



Formula Mol wt Sp gr 


Ammonia 

Am ehlor (sal- 
Ammomac) 

Ammonium ni¬ 
trate 

‘' sulphate. 

Arsenious oxide 
(white ar¬ 
se: 

Barium carbon¬ 
ate 

" sulph (blane 
fixe) 

Baric add , 

Calcium acetate I Ca(CsH|0:}: 
(aeet of lime) 

" ear 

carbonate 
oxide(qttiek 


Ca(OH)t 


NHiNOt 

(NH4)jS04 


iJf 

w 


Ca,(P 04 )j 


" su!ph(plaster 

p^) 

Caibon tetra¬ 
chloride 
“ disulidiide 
Cupric arsenite 
(paris green) 


(blues tone) 
Ferric oxide 
Ferrous oxide 
“ sulph (cop- 


Hydroohloric 

add 

Hydrogen per¬ 
oxide 

Lead acetate 
(sugar of 




CuHAsOi 

CuO 

CuS04-5H!0 


FeS04-7H30 


Pb(C|Hx()])r' 


Pb(OH)j 


3 I 0.88 
1.52 


9 2.08 


.14 2.96 


.14 1.29 

.54 . 


.57 6 37 

.72 2.28 


oxide (red 


Magnesium car¬ 
bonate 

‘' sulph (epsom 
salt) 

Manganese diox- 
. ide 

Mercuric chlor 
(corrosive 
BubUmate) 
Nitric add 
Phosphoric add 
Potasdum rai^ 
bunate 
(potash) 

" chlorate 
“ chloride 
" chromate 
" cyanide 
" ferricyanide 
“ ferrocyanide 

‘' hydroxide 
(caustic pot¬ 
ash) 

' ‘ nitrate (salt¬ 
peter) 

permahg’n'te 
" sulphate 
Silver nitrate 
(lunar caus¬ 
tic) 

Sodium borate 
(borax) 

" carbonate 
(soda) 

" bicarbonate 
" chloride (salt) 

'■ cyanide 
" hydroxide 
(caxistic 
soda) 

' ‘ nitrate (Chile 
saltpeter) 

' ‘ dlicate (wa¬ 
ter glass) 

" sulphate 
(Glauber 
salts) 

" sulphite 

" thiosulphate 

Sulphur dioxide 
Sulphuric acid 
Tartaric add 
Tin chloride 
Vanadium oxide 
Zinc chloride 
'' oxide (sine 
while) 

" sulphate 


Formula 


MgCOt 

MgS 04 - 

7 H 3 O 

MnOj 


HNOt 

HPOi 

KjCOv 

2HiO 

KCIO, 

KCl 

KjCr04 

KCN 

K,Fe(CN)e 
K4Fe(CN,) • 
SHjO 
KOH 


KMn04 

KsS 04 

AgNO* 


NajB 407 • 
lOHjO 
NaiCOi 

NaHCO* 

NaCl 

NaCN 

NaOH 


NaNOi 

Na;Si 40 s 

Na2S04- 

7H*0 

NajSOj- 

7H2O 

Na 2 S 2 t^- 

5HtO 

SOj 

HJS04 

H*C 4 H 40 s 

SnCl 4 

VjOj 

ZnCli 

ZnO 

ZnS 04 ' 

7H80 


84.32 3.04 

246.50 1.6^ 


66.93 5.03 

271.52 5.40 


63.02 I.S3 
85.05 2.30 

174.23 2.04 


122.56 2.34 

74.56 1.99 

194.20 2.73 

65.11 1.52 

329.20 1.81 

422.35 1.65 

♦ 

56.11 2.04 


101.II 2.10 

158.03 2.70 

174.27 2.66 

169.69 4.35 


362.16 1.69 

106.00 2.47 

84.01 2.20 

58.46 2.17 

49.01 .... 

40.01 2.13 


85.01 2.27 
303.20 .... 
268.16 .... 


252.18 1.59 

248.22 1.73 

64.07 .... 

98.09 • 

150.05 1.75 

260.84 2.28 

182.00 3.36 

136.29 2.91 

81.37 3.78 

287.55 1.97 


• Table 4. Nom— Wt o( other materials: Seodifi, Art 11, ThUe 3; See 43, Art 17, Table 7 
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TaM« S. SolttUlitieB of Certoin Salts in Water at 18° C (Profeaaor Atexander Smith) 



K 

Na 

u 

Ag 

Ba 

Sr 

Ca 

Mg 

Zn 

Pb 

Cl i 

32. M 

35.86 


0.0|16 

EBBI 

51.09 

innii 


^EHI 

1.49 


3.9 

5.42 

■m 

0.0410 

nil 

3.0 


5.1 


0.05 

Br 1 

65.84 

88.76 

■CXI 

O.O4I 


96.52 


103.1 


.598 


4.6 

6.9 

12.6 

0.0,6 

mSM 

3.4 


4.6 

9.8 

HTVT^H 

T i 

I37.S 

, 177.9 

161.5 

0.0,35 

201.4 

169.2 


148.2 

419.0 


* 1 

6.0 

8.1 

8.5 

O.OtI 

3.8 

3.9 

4.8 

4.1 

6.9 

0 . 0,2 

F { 

92.56 

4.44 

0.27 

195.4 

0.16 

0.012 

0.0016 

0.0076 

0.005 

0.07 


12.4 


0.11 

13.5 

0.0,92 

0.001 

0.0,2 

0.0,14 

0.0,5 

0.003 



83.97 

71.43 

213.4 

8.74 

66.27 

121.8 

74.31 

117.8 

51.66 



2.6 

7.4 

7.3 

8.4 

0.33 

2.7 

5.2 

4.0 

4.7 

1.4 

r'ln. 


6.6 

97.16 

313 4 

12.25 

35.42 

174.9 

179.3 

126 4 

183.9 

150.6 




6.4 

15.3 


1.1 

4.6 

5 3 

4.7 

5.3 

3.16 



6.38 

36.67 

152.5 

0.59 

0 8 

30.0 

85 17 

42.86 

58.43 

1.3 

Drvt 



2.2 

8.20 

Bra 

0.02 

0.9 

2 3 

1.5 

1.8 

0.03 

II 

TfV. i 


7.62 

, 8.33 



0.05 

0.25 

0.25 

6.87 

0 83 

0.002 

lUt ] 


0.35 


3.84 

0.0,14 

0.001 

0.0,57 


Bra 

0.02 

0.0,3 



142.9 

116.4 


0.01 

3.7 

0.77 

0.17 

bSSI 

0.0,5 

0.01 



18.0 


5.0 

0.001 

0.22 

0 063 

Bra 


0.0,5 

0.0,4 



11.11 

16.83 

35.64 

0.53 

0.0,23 

O.OII 

Bra 

35.43 

53.12 

0.0041 

DU 4 ] 


0.62 

1.15 

2.8 

0.020 

O.O4IO 

0.0,6 

mm 

2.8 

3.1 

0,13 


' 

63.1 

61.21 

111.6 

0.0025 

0.0,38 

0.12 

0.4 

73.0 


0.0,2 

«jrU4] 


2.7 

* 

6.5 

0.0,15 

0.0,15 

0.006 


4.3 


0.0,5 



30.27 

^KjE' 

7.22 

0.0035 

0.0086 

0.0046 


0 03 

0.0,6 

0.0,15 

V/SU 4 ] 


1.6 


0.69 

0.0,2 

0.0,38 

0.0,26 


■jBjlJ/JJ 

0.0,4 

0.0,5 



108.0 

Hnd 

HEI 

0.003 

0 0023 

0.0011 



0.004T 

0.0,1 



5.9 

1.-8 

■IB 

0 0,1 

0.0,11 

0.0,7 

■aPiii 


0.0,37 

0.0,3 


The upper figure of each pair is the number of grama of the anhydrous salt held in 
solution by 100 c c of water; the lower is the molar solubility, t e, the number of moles 
(molecular weight expressed as grams) contained in 1 liter of saturated solution. The 
numbers for small solubilities have been abbreviated; thus 0.0s4 » 0.0000004. 


Table 4. Specific Gravity of Solphoric Acid at 18” C* 

Compared with water at 4” C (Lunge) 


Spgr' 

Deg 

Baam6 

Deg 

Twad- 

dell 

100 parts of c p acid contain 

SO, 

H,SO, 

60” B6 acid 

50” £6 acid 

1.00 

0.0 

0 

0.07 

0.09 

0.12 

0.14 

1.05 

6.7 

10 

6.02 

7.37 

9.44 

11.79 

i.lO 

13.0 

20 

11.71 


18.39 

■is 

1.15 

18.8 

30 

17.07 


26.79 

■SB 


24.0 

40 

22.30 


35.01 

43.71 

lifl 

28.8 

50 

27.29 


42.84 

53.49 

1.30 

33.3 

60 

31.99 

39.19 


62.70 

1.35 

37.4 

70 

36.58 

44.82 

57.43 

71.71 

1.40 

41.2 

80 

40.91 

50.11 

64 21 

60.18 

1.45 

44.8 

90 

44.92 

55.03 

70.52 

88.05 

1.50 

48.1 

100 

48.73 

59.70 


95.52 

1.53 

50.0 

106 

51.04 

62.53 

80.13 


1.55 

51.2 

110 

52.46 

64.26 

82.34 

102.82 

1.60 

54.1 

120 

55.93 

68.51 

87.79 

109.62 

1.65 

56.9 


59.45 

72.82 

93.29 

116.51 

1.70 . 

59.5 

■tfil 

63.00 

77.17 

98.89 

123.47 

1.71 


mm 

63.70 

78.04 


124.86 

1,75 

61.8 

mtm 

66.58 

81.56 

104.52 

130.49 

1.M 

64.2 

160 

. 70.94 

86.90 

111.35 

139.06 

1.825 

65.2 

163 

74.29 

91.00 

116.61 

145.60 

1.830 

65.5 

166 

75.19 

92.10 

118.02 

147.36 

1.835 

65.7 

167 

76.27 

93,43 

119.72 

149.49 

1.840 

65.9 

168 

78.04 

95.60 

122 51 

152.96 


^ssisa; 
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CBSiaCAL AND PHTSICAIi NOTBS 


Table •. Coapuiaon of Tbonaoaotor Scaloa 


T - - —i- - V (S« abo S«> 89, Art 6} 

O V 4 


Cent 

1031 

Be 

Cent 

3221 

Be 

Cent 

Fahr 

Be 

-273" 

-459.4 


218.4 

+ 55 

+ 

131 

+ 44 

+ 1 300 

+2 

372 

+ 1 040 

-200 

-328 

mm 

160 

60 


140 

48 

1 400 

2 

552 

1 120 

-150 

-238 


120 

65 


149 

52 

1 300 

2 

732 

1 200 

-too 

-148 

— 

80 

70 


158 

56 

1 600 

2 

912 

1 280 ■ 

- 50 

- 58 

— 

40 

75 


167 

60 

1 700 

3 

092 

1 360 

- 40 

- 40 

— 

32 

80 


176 

64 

1 800 

3 

272 

1 440 

- 30 

- 22 


24 

85 


185 

68 

1 900 

3 

452 

1 520 

- 20 

- 4 

— 

16 

90 


194 

72 

2 000 

3 

632 

1 600 

- 17.8 

0 


14.2 

95 


203 

76 

2]100 

3 

812 

1 680 

- 10 

+ 14 


8 

100 


212 

80 

2 200 

3 

992 

1 760 

0 

32 


0 

200 


392 

160 

2 300 

4 

172 

1 840 

+ 5 

41 

+ 

4 

300 


572 

240 

2 400 

4 

352 

1 920 

10 

50 


8 

400 


752 

320 

2 500 

4 

532 

2 000 

15 

59 


12 

500 


932 

400 

2 600 

4 

712 

2 080 

20 

68 


16 

600 

I 

112 

480 

2 700 

4 

892 

2160 

25 

77 


20 

700 

1 

292 

560 

2 800 

5 

072 

2 240 

30 

86 


24 


1 

472 

640 

2 900 

1 5 

252 

2 320 

35 

95 


28 

900 

1 

652 

720 

3 000 

5 

432 

2 400 

40 

104 


32 

1 000 

1 

832 


3 100 

5 

612 

2 480 

45 

113 


36 

1 100 

2 

012 

880 

3 200 

5 

792 

2 560 . 

50 

122 


40 

1 200 

2 

192 

960 

3 300 

5 

972 

2 640 


Teaparatorea and latent beta of fusion and evaporation, see Beo 39, Art 11. 
Coefliciena of expansion, see See 39, Art 8. 

Spedflc gravltiea. Of UDinRAU, see Sec 1, Art 3 and Tables I-VIll. Of aroNa, auuras, 
AHD 8TBUCTUBA.L MaTSBiAiA, see Sec 43, Table 7. Of oasss, see Sec 39, Table 19. 


Table 6. Baroaetric Pressures and Altitades 


Altitude, 

ft 

. Barom preas 


Barom prem 

Ifete.—For very 
accurate deter* 
minations, small 
ooiTectionsmat 
be applied a 

Inehee 

mercury 

Lb per 
sq in 

jlrlldCf 

ft 

Inches 

mercury 

Lb per 
eq in 

0 

30.00 


8 000 

22.11 

10.87 

1 000 

28.88 


9 000 

21.29 

10.46 

second decimal 

2 000 

27.80 



20.49 

10.07 

place, for tem* 

3 000 

26.76 

Km 


19.72 


perature and for 

4 000 

25.76 

12.67 


18.98 


heiaht of menis- 

5 000 

24.79 

12.20 


18.27 


ous a tube of 

6 000 

23.86 

11.73 


17.59 


barometer. 

7 000 

22,97 

11,30 

IHEEliijH, 

16.93 

HBuH 


Table 7. Beilint Poina of Water at Different Baroaetric Presanrea (Regnault) 


MilU- 

meters 

Boiling 
point, C* 

Milli¬ 

meters 

Boiling 
point, C‘ 

MilU- 

meters 

Boiling 
point, C* 

Milli¬ 

meters 

Boiling 
pmnt, C* 

720.15 

98.5 

■ >VT^I 

99.0 

746.50 

99.5 

760.00 

too.o 

722.75 

98.6 


99.1 

749.18 

99.6 

762.73 

100.1 

725.35 

98.7 


99.2 

751.87 

99.7 

765.46 

too. 2 

727.96 

98.8 

741.16 

99.3 

754.57 

99.8 

768.20 

too. 3 

730.58 

98.9 

743.83 

99.4 

757.28 

■99.9 

771.95 

too. 4 
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TftU* S. W«i|ht wid V(dwM of Water at Difloroat TMayoratoroa 


Tsup, 

dsaF 

Wt,lb 
per on ft 

Belative 

volume 

Temp, 
deg F 

Wt,lb 
per ou ft 

Relative 

volume 


32.0 

62.418 

1.00011 

■El 

62.02 

1.00686 


39.1 

62.425 

1.00000 


61.74 

1.01138 

Note.—Por su water. 

50.0 

62,410 

1.00025 

Kl9 

61.37 

1.01678 

multiply weights ter 

60.0 

62.370 

1.00092 

160 

60.98 

1.02306 

1.026 

62.0 

62.355 

1.00110 

180 

60.55 

1.03023 


70.0 

62.310 

1.00197 

mSm 

60.07 

1.03819 


80.0 

62.230 

1.00332 


59.82 

1.04246 


90.0 

62.130 

1.00496 

212 

59.76 

1.04332 



Table 9. Teniile Strength of IfletalB at Ordinary Temperatniei, Lb per Sq Inch 


Alnminum, cut. 12 500 

" drawn. 17 000 

“ rolled. 19 290 

" hamnured... 22 575 

Antimonyi cut. I 000 

Biimuth, eait. 3 000 

Brau. 50000 

Cobalt. 75 000 

Copper, out. 24 000 

‘ ‘ wire, soft drawn 35 500 

•• •* hard “ . 60 000 

Gold, out. 20 000 

" wire, hard-drawn.. 37 000 


Iron, cut. 

' ‘ rolled. 

Lead, sheet. 

' ‘ cut. 

Nickel, hard-drawn. 

Platinum wire, annealed, 

cut. 

Silver, out. 

Steel, out (canary).... 
'' high-tenaile, up to. 

Tin, out... 

“ drawn. 

Tungsten, hard. 

Zinc. 


46000 
55 000 

I 720 

2050 
96 000 
32 000 
45 000 
41 000 
MOOO 
450 000 

4 600 

5 800 
610 000 

5 000 


Table 10. Compoaition of AUoyi (lidddl's Metallurgiat'a and Chemist's HandbodO 



Cu 

Zn 

Sn 

Pb 

Sb 

Bi 

metal. 


■11 

10.8 

0.1 



1l>}iliiCC tnntiil, eoft. .. 

mam 


84.0 

5.6 

7.4 


“ “ normal.-. 

Wtfl 

■M 

90.0 

7.0 


•* “ hard. 

8.0 


88.0 


4.0 


•* •* (originate. 


69.0 

19.0 

5.0 

3.0 


■Ball iniitKl . 


20.0 


Inw noniiAr.*. 

61.5 

38.5 





“ •• . 

80.0 

20.0 





B*nn», fnr ... 

f 80.0 

■n 

13.0 

. . • . 

.... 


" ToUn. 

190.0 

58.2 


3.0 

2.3 

« . s . 

• • . • 


Oiin vriAf A.1 (iLVAr nfS)... 

87.8 


5.8 




’M.gnnli. rniMCn.!.. 


4.75 

Km 

15.0 

0.25 

Mnniti fnih9.tel.. ... 

33.0 

Ini 



( Ni 

1 60.0 

Fe 

6.5 

Mnn^.. .. .. 

62.0 

38.0 



M.ng.tuuii hranM.. 

88.6 

1.5 

8.7 

0.3 


( Fe 

1 0.7 

Pewter. 

1.4 


97.0 

1.6 


Pkna|bhfw IwnticA. 

80.0 


10.0 

10.0 


s . » a 

Rail . 

70.0 


4.0 

6.0 

.... 

.... 

R«te's metal. 

■il 

25.0 

25.0 

1 « . • 

KIM 

Solder. 


■Wi 

33.0 

67.0 

.... 


Type metal . 


Hi 

3.0 

82.0 

15.0 

.... 
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Table 11. CbemicelAnelyeee end ^perfiea of ReBaed Copper 

(Hofam, Metallurgy of Copper) 


Elements 

Lake, 

wire-biur 

Lake, 

^ arsenical 
ingot 

Electrblytio 

wire-bar 

Beet 

selected 

Englieh 

Copper. 

Cbpper and Silver. 

ffilviar..... 

99.6900 
99.9000 
f 0.0096 

1 (2.8 os) 

0.0031 

99.4131 
99.436S 
0.0254 
(7.41 os) 
0,0027 

99.9530 
99.9548 
0.0018 
(0.56 os) 
0,0010 

99.5300 
99.5310 
0.0210 
(7.02 os) 
0.1531 

IjtmA ... 

Bismuth... 

Arsenic......... 

0.0062 

0.3183 


0.0071 

0.0087 

0.0066 

0.0044 

0.1)12 

Antimony. 

0.0009 

0.0026 

0.0038 

0.0028 

Selenium and Tellurium. 

Iron... 

0.0020 

0.0028 

0.0090 

0.0016 

0.00753 

Not dat’d 
0.0056 
0.0153 

0.0071 

0.2143 

Nickel. 

2Snc. 

Sulphur. 

Oxygen (bydiff).. 

0.0026 

0.0315 

0.0074 

0.1705 

Conduotivifcy, tentiMtled.. 

96.49 

93.84 

67 590 

17 

1.03 (in 6 in) 

II 

0.08 


100.45 

97.61 

66 300 

34 

1.04 (in 60 in) 
14 

0.08 


" hard-drawn. 

Tensile strength, lb per sq in. 

Number of twists in 6 in. 

ISInnMtion, .. 



Number of bends, annealed. 

Diam of wire, in. 




Table It. Fuel Comboitioii Date; ordinary ^actice 


(Liddell's Metallurgiat'a and Chemiat’a Handbook) 


B t u in 1 lb aver coal. 

Hjv-hr in 1 lb coal ■■ (13 500 X 778) 4- 
(60 X 33 000). 

13 500 

5.3 

1% 

5" 

22" 

1.55" 

Lost, auxiliary pipes radiation. 

" “ exhaust. 

‘ ‘ engine radiation. 

0.23% 

1,40" 

2.08" 

57.30" 

T,Mif gp&tii. 

" exhaust. 


Total loBsea. 


90.56% 

9.44" 

*' main pipes radiation. 

Converted to power. 


Table IS. Freezing Mixtoree 


Parts by weight 

Temp lowered to deg F 

2.5 Calcium chloride crystals to 1 water. 

40.3 

1.1 Sodium hsrposulphite crystals to 1 water. 

40.2 

1 Sodium chloride to 3 snow.. 

36.5 

45 Ammonium niteate to 100 snow. 

28.3 

1 Calcium chloride to 3 snow. 

17.8 
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ELEMENTS OF HYDRAULICS 


1. DEFINITIONS 

Bydromcchaaica deals with the mechanics of fluids. Fluids embrace UQums (prac¬ 
tically incompressible and the molecules of which are not fixed in position) and aABW 
(compressible and expand spontaneously, volume depends on press and temp, and mole¬ 
cules are free). Hydrcnnechanics romprises HTuuubTATice, dealinc with fluids at rest 
and HTDBODTNAMiCB, wtth fluids in motion. H'^OBAtiucB treats of the hydrostatics and 
hydrodynamics of water, but the term is often restricted to hydrodynamics only, or the 
mechanics of water in motion. 

The prineiplss of hydraulics are also applicable to other liquids, but hydrodynamic (not hydro¬ 
static) phenomena are sreatly influenced by internal frictional or shearing resistance as measured 
by viaeosity and by inertia, which vitaUy aflfect motion. Viscosity, while often assumed constant 
for water, actually vanes with the temp and is a controlling factor in flow of more viscous liquids, 
such as oils. The notion of velomty, basic in hydrodynamics, was darifled by Qalileo, Torricelli 
and others in 17th century; the Bernoullis, Pitot, and Ch4sy pioneered in practical hydraulics in 
the 18th; and the determination of experimental coefficients occupied attention of Darcy, Badn, 
Frands and others during the 10th century. More recent work has reverted to fund a mentals, to 
which the experiments of Reynolds have directed attention. See Art 2. 


2. PHYSICAL PROPERTIES OF LIQUIDS 

Conpresaibllity. Liquids may generally be assumed incompressible; actually, water 
decreases about 1% in vol under press of 3 000 lb per sq in. 

Unit weight. Water is assumed to have a constant wt per unit of vol, designated by 
tc; commonly taken as 62.5 lb per cu ft (8.355 lb per U S gal). Sea water averages 64 lb, 
while that of salt lakes may reach 75 lb or more. Similar approx values may be used for 
other UquidB under static conditions, although density and wt vary with temp; while 
such variatioa is unimportant with water, it may be vital in dynamic problems involving 
other liquids. 

Mbbb denaity and specific gravity. Liquid flow is affected by inertia and visoosi^. 
Scientifically, inertia is expressed in terms of mass. Mass density, p (Greek rho) in 



Mass density p (Slugs per cn ft) 

A.A AT 



purees Baum 
Sig 1. Density Conversion Scales 


British units (biatos per eu ft) ■■ u> (lb per cu ft) -i- g (ft per sec’), where g is aeoel of grav¬ 
ity (aver value 32.16 ft per sec’ or 980.7 dynes or cm per sec*). Using aver values, p for 
vrater 1.64, varying from 1.938 at 32° to 1.925 at 100° F. 

For oils, wt is usually expressed in terms of specific gravity as measured by Baumd 
scale (Fig 1). With oils, sp gr is commonly determined at temp of 60° F (designnted 
60/60); this is not precise, though the error is usually negliipble. 

In flow problems, it is important te know p at existing temp, and charts are available for various 
cals. For heavy oils, with sp gr near unity, approx sp gr at any temp, (, sp gr (60/60) — Q.00086( 
(°F}. For lighter oils, with sp gr around 0.7, the last factor is about 0.00026(. p (apfvox) ■■ 
1.04 X (sp gr). 

, Fiseority. Liquids do not possess perfect fluidity; adjacent particles adhere, and a 
pavixig thfead or layer of liquid tends to drag the particles with it. At low veloo, thj||i drag 
g^Ail^tutes a shearing resistance which is mmsur^ by the oeeff of juatOLVTa vmooanT, pi 
^dnsk mu), defined as “the frictional resistance to motion, lb per sq ft, between 2 pao^ 

88 -^ 
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lurfaoM in a fluid, 1 ft apart and moving relatively to each other at rate of 1 ft per aee." 
In the metoic ajwtem, the unit for n is the Poibb, expressed in dsnaoeee per sq cm. To 
convert poises into l^aec per sq ft, divide by 478.8 

Viseosity is measured by viscometers of various types, and is usually expressed as time in sees 
required for a certain vol of liquid to pass through a small tube under a lized head. Formulas and 
charts are available for converting viseosity measurements into absolute viscosity units. (See 
“The Viscosity of liquids'* by Emil Hatscheck, London, 1928; also “The Meohauical Properties 
of Fluids," Van Nostrand, 1924). 

Viscosity is independent of rate of change in velocity, but is affected to a small extent 
by press, and markedly by temp, diminishing as temp increases. For water, see table. 

Some viscosity-temp charts 
for oils (viscosity of which may 
be 50 to 300 or more times 
greater than that of water) 
have been published, but p for 
the fluid in question should be 
known at the existing temp. 

Kinematic viscosity. Inflow 
phenomena, inertia (measuied 
by p) tends to continue the existing state of motion, while viscosity (measured by p) 
ten^ to retard such motion. Fluid flow is thus a compromise between inertia and vis¬ 
cosity, and the ratio m -f- p thus becomes a very vital characteristic of any fluid in 
motion. This ratio is the kikeaiatic vibcositt, designated by y (Greek nu). 

9 is exprused in a confusing number of units. In the British scientific system (followed here) 
9 is in Ib-eeo per sq ft slugs i>er cu ft; that is, as absolute viscosity -r mass density. In the 
metric system it is given in poises (or centipoises) grams u per cu cm. Since grams per cu om>" 
sp gr tot all practical purposes, we may use poises sp gr. Other variations are in use. To 
convert metric into British units, as above defined, divide former by 929. In most hydrodynamic 
problems, s is simply an argument on which the friction factor depends, and no great degree of 
accuracy ia usually required in determining its value. As viscometers actually depend upon r 
for their data (rather than aimply y) viscometer readings can be directly converted into kinematie 
visooaity (Fig 2). 

Reynolds number, JZ. Flow phenomena and coefficients vary with character of the 
liquid, as measured by p and p, but the influence of these factors varies in turn with 
uhe scale and veloc of movement. Vhereas viscous resistance varies with the first power 
of the veloc and of the scale of movement, the inertial forces (represented by p) vary with 
the squares of those factors. Hence, a variation must be expected in the proportionality 
between filv and plh*, where I is any linear dimension representing the scale of movement 
(as the diam of a pipe), and e veloc. The formula is written: 

B =• the "Resmolds number.” 

fUV V 

It may be shown that R is dimensionless (containing no units of mass, length, or time) and thus 
it has the same value, irrespective of the units used in its calculation. Example, When water 
flowing in a pipe 1 ft diam at 4 ft per sec veloc, at 68” F, g 0.000021, p 1.94, and R ■■ 370 000. 
In metric units, at 20” C, y — 0.01 poise, p 1.0, d — 30.5 cm, and • - 122 cm per sec, giving 
same value of R. 

Recent studies have shown that many flow coefficients vary with R, which, as it 
imdudes general physical characteristics of the liquid, makes it possible to correlate data 
applying to air, oil, water, and other fluids of varying density and viscosity, and in move- 
menta on different scales. 

Atmospheric pressure. At 30 in barometer (14.7 lb per ^ in or f atmos) a water 
column stands 34 ft high, and water boils at 212.2” F. Boiling point is lowered about 
1.8* F per in of mercury; for barom press of 20 in (■« 192.4”F), water column is :M.7 ft. 
Roughly, the mercury barometer drops 1 in per 1 0(K) ft of elevation. 

Water carries an amount of dissolved air varying with temp. At 60® F there are about 
1 part oxygen and 4.4 parts air by wt in 100 000 of water. 

Constants. Following are convenient units and constants for hydraulic computations! 

1 cu ft watw -» 7.48 U S gal — 28.32 liter ■■ 62.5 lb. 

1 U S gal » 231 cu m » 3.78 liters « 8.355 lb. 

t •-•oederatKm due to^graviW " 32.16’ft per sec; ’V'Tg » S.Ctt; 1 -f- 2 g ■> 0.015^. 

1 fthflad « 0.4341bper8am; 1 lb per sq in »,2.304 ft head. 

Ann oir^ 1 It (» 12 in) diam » 0.785 sq ft. 


Temp, 

F” 

y (British) 

Ib-seo per sq ft 

Temp, 

C” 

y (Poisesj 

dynea-seo per sq cm 

32 

0.000037 

0 

0.0179 

68 

0.00002) 

20 

0.0100* 

too 

0.000014 

56 

0.0069 


” CaUed “centipoise,” one-hundredth of a poise. 
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Ares oirele 8 in (■■0.25 ft) diom * 0.786 -f- 16 « 0.049 sq ft, et& 

1 ncre ft * 1 ft depth over 1 acre >■ 43 560 eu ft * a flow of 1 ou ft per aeo for 12 hr 
and 6 min. 

1 cu ft,per eee — 646 300 gal per day. 

1 in of Vain ■■ 2 323 200 cu ft per aq mile. 



Time: Eogler, Bedwood, Baybolt, Barbey 
1 2 tea 10 so 1000 100 soo 

Oesrreea: Bnaler 

Fig 2. Viwosity Converaion Chart 


HYDROSTATICS 


3. TRANSMISSION OF PRESSURE 

Paocal'o law (1646). In a perfect fluid, neglecting effect of gravity, proas e«wted 
abywhnP on^ the fluid is transmitted undiminished in all directions (at ^>eed of 4 670 ft 
sec <■* vekxd^ of sound in water), gufl acts with the sa m e force on all equal areas and 
' angles to the surface. ' 
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PaMsl BotMl that creat'forocB «ould thus be ftroduoed, and that the total preaa faenaeae in 
proportion to the eurfaoe area. A lii^t pnu axmted on the larater in a email tube inaerted in a 
bat^ may bunt the barreL ThJa jmndpie was apidied by Bramah (1796) in the first eiinhwefiil 
■nmamiic nuns (Fig 3), whieh eonaiata of 2 oylinden, large and 
adiaU, fitted with pistons and oonneeted by a pipe through which 
water paasee from one cylinder to other. A force P, applied to 
the small piston, is transmitted through the liquid and produces 
an equal unit press p on the large piston. Thus W : P :: D* : d*. 
or W “ PD* d*. This is reduced by the'frictional resistanoe of 
the packing, whieh, depending upon the type, condition and ad¬ 
justment of same, may amount to as much as 10% of the applied 
load per cylinder. 

4 . FRESSUSE PRODUCED BY GRAVITY 

Considering a liquid divided into layers, the press in 
each layer is: (a) proportional to its depth, (6) proportional 
to wt of the liquid, (c) the some at all points in each layer, 

(d) same in all directions at any depth, (e) independent of 
sise and shape of containing vessel. Also, water surface is Fig 3. Hydraulic Tress 
normal to the resultant of the forces acting. Cases (a) and 

•(h) are practically self-evident. P = wAh, where P = total press, lb; to « wt of 1 cu ft 
of water, lb; A = area, sq ft; h = head, ft If p — P -t- A = unit press, then p in 
lb per sq ft = wh — 62.5 k, or in lb per sq in ■= 0.434 h, at h in. it - 2.30 times p in lb par 





sq in. (fi) and (d) follow from Pascal’s law (see Fig 4). (e) is shown in Fig 6, where the 

bottoms of vessels are at same level, and unit pressures must be same or flow would occur. 


6. TOTAL NORMAL PRESSURE AND CENTER OF PRESSURE 


Total normal press, or press acting at tight angles to surface ■■ Pn « v>Ah^ m 
62.6 X afea of surface X distance of center of gravity of the surface below water level. 
This applies to any surface, plane, curved or warped. Thus the total normal press against 
the back face of dam shown in Fig 7 is Pn » 62.5 X 1 X h (h "i- 2) » t/j tcA* lb per lin ft. 

Component total presanre In any direetioa » P' » Pn cos 9 
wA'heg, where 9 ■■ angle between normal and the given 
direction. That is, the total press in any directiem ■■ total 
normal press on a projection (» AO peri>endioular to that 
direction. In Fig 7d, total horis press b p;^ ■, toh* -i- 2, the 
same as the normal press against a vertical projection (Fig 7a). 

Center of preasture {ep) of a submerged surface is the point 
of application at the resultant press. For a mibmeiged reo- 
temgle, the center at press is 3/s h below the water auifaoe, 
when the top of the rectangle is at the surface (Fig 7a). In 
^neral, the distance Xep I S, where I is the m o m ent of 
inertia of surface and S its statioal moment (■> area X 
distance of eg from axis) both with refawnoe to an aj^ idtoated 
at intersection of the plane of the surface with the water level. Xep it the pupendieulay 
diatgnoe from this gns to the ep. 

& iupljring thiaformula, use is made of the wdl known rdation + An*, where 

I of inertia about any ozia. P that about on axis through of earfaoe, 

4! y^of surfaea.>ad « ^ diatanoe between axes. Thus fw a dreular area. Fig 6,,ae 
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is aads through eg, 66 is wAter mirfaoe sxfai, A — *t*, 7' • irr* 4- 4; hence Xep ■» iwf* ■+ 4 
+ irr^ -i- »T*» » (r* + 4 *) + 35, or when the circle u vertical (r* + 4 A) + A 

It is seen that the center of press is lower than the center of gravity, and that the die- 
tanoe between them decreases as the head increases. Practically they may be taken as 
coincident, when the head exceeds 3 or 4 times the vertical dimenmon of the suifnoe. 


6. PRESSURE AGAINST DAMS AND GATES 


Fig 7 shows graphically the variation in normal, horiz, and vertical press, total preaa 
and eentera of press for rectangular surfaces of tmit width. The press at watw surface is 



(f) (d) (e) 




(/) r?) (« . 

Fig 7. Water-pressure Diagrams 


0, and at dwtlt h wh in all directions; hence the variation is uniform and resultant 
press Riivugh the eg of the pressure figure. 

mun nf nrass from both sides (Fig 8), the resultant press, represented tqr arrows and 
2 press triangles, is uniforih in intensity and » uA for gay depth 
SP Luiaa mtA wgW iMrfaoe a. It depmtds only on the difference in levels A. Thua a gats 
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w^when brtweui ^ would be eubjeoted to the seme rasultent prese, independent of 
Its Mow a. The point of spplieatioxi of the total reault^t press oc&inst the gate 
la beat foond by t akin g the difference in momenta of the 2 press triangtea about 




(b) 


Fig 9. Preeaure in Pipes and Tanks 


7. PRESSURE IN PIPES AND TANKS 

Hoop tension. Considering the vertical section of pipe in Fig 9a as a unit (1 in) in 
heiid^t, subjected to a uniform internal press of p lb per sq in, this press produces tension 
in the pipe = T (Mg 96), which tends to rupture the pipe longitudinally. From the prin¬ 
ciple that the total press in any direction = total normal press on a projection perpendic¬ 
ular to that direction, 2 T = pd, or T (lb per lin in of pipe) = p (lb per sq in) X r (radius 
of pipe, in). If « ^ allowable stress in shell, lb per sq in, then required thickness t (in) 
pr + » ^ 0.434 hr a, where h = head in ft. 

Bxample. Head, 400 ft; diam, 3 ft; riveted steel pipe; joint effioienoy, 70% ' « 14 0001b 

per sq in. t -■ 0.434 X 400 X 18 + (14 000 X 0.70) ■» 0.32, or S/g in. This formula holds only 
for thin shells. The limit is usually put at t » 1/30 d. For thick shells, see Proe Am Soc Mecb 
Engrs, 1012. Also the press p will be uniform only for a vert pipe, but may be so taken for a small 
pipe under a large head. For large pipes, besides the allowance for internal press, other factors 
muet be taken into account (Art 14). This principle is used in designing the hoope or bands for 
wood-etave pipes or water tanks, or for the reinforcing steel in reinforced concrete tanka (Art 13). 


8. FLOTATION AND LOSS OF WEIGHT IN WATER 

(See Merriman, Treatise on Hydraulics; also Sec 1, Art 3.) 


HYDRODYNAMICS 


9. FLOW THROUGH ORIFICES AND NOZZLES 

Torrlei^*s theorem (1344). The theoretical veloc of flow from an orifice is the same 
as that acquired by a body falling freely through a height equal to the head of water 
on orifice. That is, theoretically, the veloc of flow in ft per sec from an orifice • 
■V^ gfc, where g ■■ accel of gravity, ft per sec per sec, and h — head on orifice, ft. This 
formula represents a theoretical limit which can not be exceeded by the actual veloc. 

Pig 10 shows the btandiard or sbarp-edoed obifics. The contracted vein, or vrna 
OOXTRAOTA, of a jet issuing from a standard orifice, is due to the fact that the partieles of 
water eonvwrge as they approach the orifice and so continue for a short distance beyond it. 
The ooatracted section occurs at a distance from the orifice of about 0.5 the diam of the 
orifice. Its dla-m ig about 0.785 and its area about 0.62 that of the orifice, this latter figure 
hidtn the coeff of contraction » e'-. Experiments show that the aver veloc at the con- 
tnMted serf ion is about 0.98 (■■ ci w coeff of veloc) t imes the theoretical velocity; hence 
the vehie per eeo in the contracted section « ciV"2 gh, the^aver being 0.98'V^2 gh, 

Bktiee tliio discharge, in cv ft per sec, flowing from the orifice G *■ wren X veloc, 
sUacbiuge ■■ as — o V 2 gh, where a • area of orifice in sq ft. PraetiosUy 
> ind gh, where e c'ci coavnoiairr or MBOttABun, the av«r 
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valua of whicii it 0.tK)5. Theorttieal^ tlte tUq^e of or bwul on the oiifioe hat no ^ffeot. 
But expoimentt ahow that«is greater ior low heads than for biidt, greater for rectangles 
than for squiures, and grektar for squares than for eirdes, and varies froid 0 JS9 to 0.63 ot more. 
Averages: for rectangular orifice 0.604, for circular 0.597. These averages are for .water 
sad, unless otherwise noted, coeffs given herein are for water At aver temp. For fluids' 
in genara l, e <■ 0.59 2 + 51.6 -f- where Bt is a number of the Reynolds ts^iM, namdy, 
d y/2gk.+ p, the V2gfc being substituted for v, to which it is proportionall Knowing p 
for tlm liquid in question, this equation gives the aver coelf for a standard orifice. 

The preceding figures apply also to the contracted section only. A fundamental law of 
hydrodynamics, the bquation of continuitt, is that for steady flow equal masses or 
weights of a fluid must pass all cross-sections in equal times. This reduces to equal 
volt^es of liquids, since liquids are practically incompressible. Hence , the dischuge in 
the plane of the orifice must equal that at the contracted sectio n >■ eaV'2 g5,o r since v ^ 
Q + a, the veloc in the plane of the orifice » eo «■ co v2 gh -i- a e ^2 gh ■> e'v. In 
^ese formulas the bbad on the obificb should be taken as the head on the center of press. 



ORIFICE 


Ci*0[,BS to OlM 
Ci>0.TS C'-LOO to 0,H 



TUBE tube 

Fig 10. Orifiees and Short Tubes 

but if the head is greater than 2 or 3 times the vert dimension of the orifice, the head on 
the center of gravity of the orifice may be used. For a circular orifice the head on the 
center of press » (r^ -i- 4 h) + A, where r — radius and h « head on eg. For rectangular 

orifices a convenient formula for small heads is Q » e s/g 5 — Ai^), where b »* 

bnMdth, At -• depth to bottom and Ai depth to top of orifice. This allows for difierence 
betwe^ cp and eg. 

1«BS of head in an orifice ■ A' « (1 — ci*) A » (1 -f- ci* — 1) «* + 2 g ■ (1 + ei* 
— l)«o’ e'* 2 g. For water and with a standard orifice, ci ■■ O.M, ^ « 0.62 a^ hf « 

0.04. Also, A - 0.041 c* 4- 2 g - 0.11 »o* + 2 g. 

Rounded-edge orifices (Fig 105). By rounding the inner edge of an orifice, e' may have 
any vsdue between 0.62 and 1.0, depending on how closely the rounding corresponds to (J». 
contour of the jet. An orifice lor measuring discharge should not be round-edged, because 
of uneert^ty in its value of c, but the increase in Q due to rounding may often turned 
to advantage. 

ttvppruidou of contracdon occurs when the orifice edges are nesuer than 3 timer'>tbe 
least dimenBion of tlw orifice from sides or bottom of tank. Preventing the jet from eon- 
to Mti njiiincgeaaBs c' and hence the discharge. - * 

oittecs. Evraenvu heap is t^ diffeienee id level between tbk 2 ’witer 
tiivfieei, add the action of the orifioe ia independent its depth below the Invmr.watir 





whow ovsB wsms and bams ' 3iM)9 

KuflM, la aoeh eawt e h oUghtly oaMllsr than for frae diaduurge iato air and is usually 
Wccoi as Q.60. 

Taloclty of aBSKoaslu la above formulas h Is takea as constaat> but *l*w nmm ooeur 
ooly vfaea the inflow Q is <K>a8taat. The water then approaches the orifice with an iaitUfl 
vek>Ot and riie eflecrive headis H ^ h-i- hp, where hp » Vp* end vp ■■ yeloc of approach. 

Fear a standard, orifice, 

adiere a ■■ area of orifice and A «• that of tank. When a + A is 0.2 or lees, the error 
due to neglecting is negligible. In the case of water approaching a large orifice in a 
canal or conduit, the formula for a rectangular orifice under small head is Q ■■ e s/t & vTg 
[(A* + hp)^ — (Ai + A*)^], which is the basis for the Francis weir formulas with Vp, 

Time repaired to empty any vessel of uniform horis cross-ser is t (sec) ■■ [2 Ai^/B — 
Va)] + [68^2 fl. Where A — oross-seo area of vessel, a ■■ orifice area, and H •• initial 
and A ■■ find head on orifice. 

How under pressure may be estimated by the same formulas given above, the press 
bring first reduced to equivalent head. 

Example. Find Q when an orifice 3 in diam is first opened in a tank containing 3 ft 
water with 60 lb per sq in gage air press on top. Effec tive head => 3 + 60 X 144 
flSA - 118 ft. Q = 0.60 X (0.785 + 16) X 8.02 X Vlli * 2.52 cu ft per sec. 

For fluids other than water the corresponding wt per cu ft is used to detennine the 
effective head, and c must also be modified. Thus, in preceding example, if this fluid is. 
mercury, c «» 0.62 and wt = 860 lb per cu ft, or A =* 3 + 60 X 144 + 860 ■« 11.6, and 
Q » 0.80 cu ft see. Same formula is used to find the discharge of air from an orifice, the 
coeff being about 0.60. 

Short tubes are short sections of cylindrical or tapering pipe, used for connecting two- 
vessels or other special purposes. Fig 10 shows some common forms, with tiieir coeffs. 
Nozzles are of the smooth or ring type. The fonner is the commoner. The discharge 

is given by p • 29.83 D* f ^ /D\* ’ ® “ discharge, gal per min, p » 

\ (c) “ (l) 

press at the nozzle, lb per sq in, e » coeff of discharge ■■ ci for a smooth nozzle, stnoe there- 
is no contraction, and e' ■■ 1. (For smooth nozzle, c varies from 0.990 for a 1-in to 0.997 
for a 6-in nozzle.) D -■ diam of nozzle, in, and d diam of pipe. If q is required in cu ft 
per sec, use 0.06^ instead of 29.83. This formula allows for velocity of approach, which 
is sometimes considerable. If p is measured by a Pitot gage held in the nozzle (Art 20), 

9 •■*29A3 cd* where pi * press recorded on gage in lb. 


10. FLOW OVER WEIRS AND DAMS 

Contracted weir (Fig 11) with end contractions is a rectangular notch in the upper 
edge of a vertical wall. The length of notch is less than that of the channel, and, tlwt 
the end contraction may be complete, there should be a clearance of not less than 3 A 
on the sides, and the crest should be at least 3 A from bottom of channel. If the weir is. 
the full width of the channel, contraction is 
suppressed on the ends and it is known as a 
stnpMtassBD wsm, having no end contractions. 

There a» many weir formulas. The rational 
fonnulaisQ ■■ e >/• A V2gA^, where c is a oon- 
‘stant or epeff of discharge, 6 ■> breadth, and 
A ■■ head ^ ft. It is deriv^ from the orifice 
fenzHfla by letting the head <ai the top of .the 
*wtfee w Pk*"* Maoris uses Q 3A3 &A^ for a 

iUfflpiWid weir (7aUt 1), and for a con- 
trtitttd eonaidering the effect of^ end eontraotions as reducing effective leBicth ' 

hy 0*4 * on eisch «ad,»Q - 3.83 (5 - 0.2 A) A^. For Miner’s l^eh, sag Art 30. 
TlWoipijhifottvriradoncriapiwarto doaely aReynolds Number relatios|dih>. brings 

by cmrity and aurface-tmiaon effects. Ihita on liiiaids other tiun watar- 
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TaUel. Disdiirgi in Co It par See ptr Ft ol of nin-edliw 
Weiri, from.O bh^ 



Velocity of Approach sffecta weir discharge, and for accurate work should be kept bdow 
1 or 2 ft per see. The effect of can be allowed for by adding to the actual head H on the 
weir 1.6 Av, which is obtained from Table 2, using the aver veloo of approach «a as an 
argummt. 

Table S. Head hp Due to Yelodty of Approach Va 


0.4 

0.6 

0.8 

1.0 

1.2 

1.4 

l^6 

1.8 

2.0 

2.2 

0.002 

0.005 

0.010 

0.015 

0.022 

0.030 

0.040 

0.050 

0 062 

0.075 

2.4 

2.6 

2.8 

3.0 

3.2 

3.4 

3.6 

3.6 

4.0 


0.089 

0.105 

0.122 

0.140 

0.150 

0.179 

0.201 

0 213 

0.248 



ffsamylM. (a) Suppressed weir, no veloo of approach, h — 4 ft, A — 1.73 ft. Find Q. Ftom 

Table 1, Q per ft of length 7.677 and total 7.677 X 4 30.31 ou ft per aeo. 

(6) Contraeted weir, same as above. Q per ft of length 7.677, but effective length *6 — 
0.2 A 4 — 0.36 <■ 3.66 ft, and total Q « 27.66 cu ft per sec. 

(e) Contracted weir as above, with aver veloo of approach of 2 ft per eeo. From Table 2, 

A» — 0.062 and 1.73 + 1.6 X 0.062 » 1.82, which from Table 1 gives 8.176 per lin ft, or a total of 

8.176 X 8.65 29.80 cu ft per aeo. 

To obtain accurate reauita, the weir must be constructed in a standard manner, similar to that 
used in obtaining the e^erimental ooeffioienta: the notch must have sharp edges as for a standard 

orifice; crest must be levd and sides vert; length 



Fig 12. Measuring Flow over Weir 


should be between 4 and 8 A; veloo of approach 
should be small (area of eross-eeo of channd of ap¬ 
proach should be at least 6bA); sides and erest 
should be 3 A from sides and bottom of channati 
head should be measured accurately, 4 to 6 ft up¬ 
stream, to eliminate effect of slope in the watw 
surface toward the weir (for common work a stake 
may be driven in the bed of ths channel of ap¬ 
proach, Fig 12, and out off level with the weir 
crest, A being obtained by measuring the water 
level on a graduated rod held on this stake. For 
accurate work a book gage should be used); for 
suppressed weirs there must be free aeoess of air to 
the under side of the overflowing sheet at water or 


wavra. 

Fsaipple. Design a contracted weir to measure the flow of a stream 6 ft wide by 2 ft deep, * 
avep velM of which, obtained roughly by a float, was 3 ft per see. Q * approx 36 <ni ft par see, Fflf 
a d^thef IfttO (Table 1) 3.33 on ft per eeo per ft of lemth, and the required length woaM ktg 

36 ■!> 8.33, or 11 ft, which ia too long (see above). By further frid, uslag Table 2^it ie foend thai 
a weir 8 ft long, with A 1.25 ft, will give the reqnii^ Q (latio al^t 1 :6.4). Oreet of tm wkibr 
Pknshbe abc^ 4 ft ^ A •* 3.76) above bottom of ahwam and width of ohahnel of approaiA thlhlllld 
14fA»hedk69i^hiy8 + C2 X 8 X IJMI) > 1A8. V^clmniMliaamoder bhen flooded, it show Wl 
Wiaeiwd or'^a gwpras^ weft utod. v , ' 
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* Tri a agalt r irrtr (Flg» 13) in oonvraient for smaQ quantities of water. It diould have 
i||iwp innei* ooruers, rides of equal riope. and bottom angle should be a right angle. For 
this weir Q « 2.53A , h being measured from bottom of notch. 

Tta^zoldal or Cippoletti Weir (Fig l^) saves time in computations, as a table may 
be made or a stick graduated to read the discharge directly, as for a rectangular suppresead 



K- b -■*! 


Kg 13. Triangular Weir Fig 14. Traprxoidal Weir 


weir. Sides are sloped to make the discharge through the triangular end portions equal 
to the loss due to end contractions (3.33 X 0.2 X h X End slopes should be 1 on 4, 
as shown. Formula Q “ 3.367 bh^ is then used, 6 being the bottom width. Fig 15 shows 
a stick graduated to read discharge directly for a trapezoidal weir 1 ft long (b 1). 


Spillway dams are a type of weir, but are seldom suited 
to flow measurement, except approximately, as the coeff in 
Francis formula (3.33 for standard weir) may vary from 
2.5 to 4.2. A sloping upstream face on the dam generally in- 
CTaases the discharge, which is also modified by width and 
riiape of crest and inclination of downstream face. In de- 
rigning spmways, the flood flow Q is approx known, the 
breadth b is usually fixed by the flood width of channel below 
the dam, and the probable flood height h over the spillway 
may be computed from Francis formula. As it is ^fflcult 
to determine flood discharge, an ample factor of safety is de¬ 
sirable, and the coeff used should be small enough to be on 
safe ride (3 is a common coeff for masonry spillways). 

11. FLOW IN PIPES 

Bernoulli (1738) stated the law of steady flow: "At any 
section of a tube or pipe, under steady flow without friction, 
the press head plus the veloc head is equal to the hydrostatic 
head that obtains when there is no flow." This law, together 
with the equation of continuity (Art 9) and a formula for loss 
of head in friction, is fimdamental in determining flow con¬ 
ditions in pipes. 

XiOse of head by friction in pipes is inconsiderable for short 
tubes, and is provided for in the coeff of discharge, but for 
long pipes it is important and as the length increases consumes 
most of the availaUe head. The proposed formulas for loss 
of head in fiction are so numerous, and some are so com- 
idieated, that the engineer may be at a loss which to use. All 
reduce praoticHUly to one of the two forms given below; their 
chief value is not in their form, but in the fact that coefficients 
have been determined from experiments on certain kinds of 



Fig IS. Meuwlng Btlok 
tot Wsln 


pipes with use of a particular form of equation, so that in de- 

rigmngs given pipe the equation for which the best coefficients are available riiould be used. 

Hydraulic gradient and friction head. In a pipe of uniform diam the frictional loss is 
at a uniform rate and hydraulic conditions may be graphically represented as in Fig 10, 
which fbows a onifonn pipie leading from a reservoir or tank. With ilo flow, the static 
he ad aVi^ A « k. With free flow at A, h is partly converted into veloc of flow (veloc 
head ftm m ^/2g), but ie largely consumed in overcoming frictional and other resistances. 
A SBUul amowt is thus lost at entrance into the pipe (k* approx 0.6 v*/2g for flurii «i» 
tiftais), bat of it Is frictional loss. Laying these values off to scale gives the ouastroo- 

tlMpL ribriwu and determine the liste BA, or hydraulic gradient. This is the prsMire liM 
id ttgold in preCtoifb tubea inserted in the pipe would rise during flow and is ihqxir- 


^ derica. 
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Fatmice loM and vbIoo head are ixaually small and, in praetioe, it is common to 
them and aasume entiM^head h, available for overcoming frictional redetanoe. Henoe data 
4 ^ on frictional losses become vitally important. Fof 

all practical purposef, therefore, the hydratdio gra¬ 
dient may he dravm from free water surface to free 
water surface. Note also that tiie entire head (« 
end of pipe ran seldom be used to produce flow 
alone. Some terminal press is usually re^piimd in 
n# l(t. Hydraolio Gradient " connection with tise of water, as for developing 

power, fire service, and hydrauUc mining, and H is 
to be taken as head available for flow only (Fig 20, 27}. 



Minor losses (usually nedeoted) also include; Corvatubb. Least for a 90* bend if the radius 
is about 8 d. For a 00* bend in 6-in pipe, the lose is nearly equal to that in an 8>(t length of atrairiit 
pips, and for 80>in pipe in a length of 40 ft. For intermediate sisea the loee varies roughly mth 
diatn. Loaa nr axpamioN from a amaU pipe with veloo sj, to large pipe with veloo vj, ia (si st)* 
+ 2 Loaa nr comtsactiok from large to amali pipe may be taken « 0.5 v* + 2 g, where s ■■ veloo 
in an^ pipe. Lose in GAraa and valvea is uncertain, but for full gate is about the same as in a 
length of atndght pipe of 0 d. 


Loss of hoaid ia friction. Reynolds has shown that there are 2 major types of flow; 
stream-line or laminar, and turbulent. Underground flow in sands and gravels, smd low- 
valoc flim of heavy oils in pipes, are usually stream-line, while the more rapid flow in pipes 
and open channels common in engineering practice ia turbulent. Transition from one 
typo to the other depends* upon character of hquid and dimensions and veloc of flow. It 
is thus best expressed in terms of Reynolds number B (Art 2). Aver value of this number 
for pipes is about 2 000 or, for water at normal temps, the veloc X diam is 0.02 to 0.03. 

LawlBar flow. Experiments show that fluid flow is independent df prus; also, 
it may be demonstrated that the head h/ lost (uselessly dissipated) in laminar flow in pipes 

S2fi!9 + wd*, or (approx) + Rd; or the loss in press in lb per sq in per ft of pipe ■■ 
32^ d*. Such flow is purely a viscous shearing phenomenon; veloo at pipe walls is 

seto, and loss is thus unafleoted by the character (roughness or smoothness) of pipe. In 
^ porous materials, of flow V in time t in a cross-sectional area of flow A is kAth ’¥■ I (Darcy’s 
' law), where k is a ooefl of permeability depending upon the porosity, shape and grading 
of matnial, and Ihe temp of flow. 

Tnrbnlaat flow. Similar analysia and experiment show that h/ in turbulent flow varies: 
(a) direct with length of pipe, 1; (h) inversely with diam d; (c) directly with the nth 
power of the veloc v; (d) coeff of friction/, which varies with R and with roughi^o of the 
pipe surface. As n appears to approach 2 as a limiting value, it is convenient to express 
this relationship in terms of the veloc head «i, by dividing by the oonatuit 2g, thus: 

I V* 

hf a /* smooth pipe (as glass, brass, copper) the value of / is given by the 

if 2^ 

experimentally determined “Blasiua-Nikuradse” curve (Fig 17). In designing oil lines 
(8m 44), for which steel tubing with usual couplings is employed, the "W M S” line 
(Wilson, MoAdams & Seltser, Jour Ind Eng & Chem, Feb, 1922, p 114) gives values often 
used, ^e “Ludin" line is for s “wavy-smooth” composition pipe. Note that the scale 
dlmenrion used in E for pipes is the diam d; thus B ^ vd + v. 


StampU. Determine the preea drop in lb pet eq in per 1 000 ft of fine in pumping 500 gal per 
min of an oU of 29*1 Baumd gravity and an absolute visooeity of 0.3 poiaee, at a temp of 50* F, 
through a emooth pipe of 0-in diam. From oonvereion ehait (Fig 1} 20*.l Baum5 ■■ O.M ep gr «■ 
1.71 sloge per ou ft. Aleo 0.3 poieee + 478.8 « 0.00063 ft-lb-eeo u^ts. Henos Idnematie vieooeity 
■■0.00087. Aleo 500 gal per min + (7.48 X 00) 1.11 eu ft per eee. Since d 0.6 ft, veloc ■■ 

5.7 ft per eee. Ihue Jt 5.7 X 0.6 + 0.00087 7 700. With this value as argument. Fig 17 

(WMS Une) givaa / ■■ 0.037. Subetituting in above equation, hf m 0.0^ X 1 000 X (8.?)* 
(OA X 64.4) « 87 ft per 1 000 ft. ainoe p » wh, p(lb per eq in) 0.434 X ep gr X A <" 
0.484 X 0.88 X 37 • 14 lb par sq in pw 1 000 ft. 


flew ef water la pipeg. Except under extreme conditions of temp, p for water ig fairiy 
eoaetaai; hgnoe « X d may be subatituted for E ag an argument in determining friction factor 
/. Coiu^tii used for water frequently have nmgh surface or, in many oaaea, corrode or 
deterkirate with use, and beoome ronsh. The smooth-pipe data used for oil lines ate thui 
aridoBk apFbcable in the design of water condoitp. Such conduits ate also often of latfe 
afoe,hgromtiheieageof laboratotyexperiinente. ThemoflfcvaluahbdefobtiV«tIeubi|M|^ 
egeweel lipiB tests of actual lines ia use; they are trften fragmenteiy and eeldoia oovep g 
'n^tttmM^pord. Yet, eq^drioatfcginulaa derived thefefroinlutieUH^tbeeeiiaiBd^ 
g^pillitiF aahp been shown to enrrespond willi laboratory testa. , ^ 
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CliiSiy fbmiihu For a anUonQ degree ot roughneas. the Cb£ey formula ie moet wkleijr 
tuiKl for boidi idpee and opm ehanoeiei v o where v Is aver vtdoo of Sow, ft per 

seo. B is HtDBAUUq badius, or hydraulic mean, depth, a acalei' elmnent <d flow which, 
by definition « area o of flowing stream -i- wetted perimeter p. Slope S is head avi^ble 
for flow, ft per ft « sine of dope of the hydraulic gradient, or practioahy ■> h 4* 1, 
aTailable head divided by the length of pipe or dbannel. It is sonietimes exi»eaaed hr 
ft per mile, per 1000 ft, or in per cent. C is a coefl of smoothnma, inoreaamg witik smooth- 
neae of surfaces and averaging 80-120 in value. Replacing d of tiie usual pipe formulas 
by R makes possible the ai^lication of the Ch6sy equation to any section of flow.* For 
circular pipe, B ■■ ir<P/i + xd ^ d/4. For rectangular flume, 6 ft wide and 3 ft deep, 
o « 18, p ■■ 12, and B » 1.5 ft. By substituting d 4 for R, and A *f-1 for 5 in the 
Chfisy formula, this is found to be of same type as the pipe formxila given above, except 
that 8g -4- C* is substituted for/. Therefore C will vary with R, as does/. TUs fotmt^ 
is applied, however, only to water, and C thus varies with the quality of the satfaoe of 
chapel n, and with « and d. 

Simplest of the several empirical equations for C is the Manning formula: C ■■ 
1.486 4 n, where n is a surface factor varying from 0.010 for smooth wood lupe, 

0.012-0.015 for concrete surfaces, 0.016 for ordinary riveted steel pipes, 0.020-0.025 for 
good earth canals, to 0.03 for rook cut channels and 0.035-0.060 for rocky streams. 



This equation makes C independent of s. Laboratory experiments show that for a 
unifonn surface quality and large sises of conduits, / and C tend to become constant. 
The relative effect of roughness of surface depends, however, upon the sise of the diannet; 
hence tire form of the Manning equation. 

Ckffiibining the Ch4zy and Manning formulas gives v ■< 1.486 + n, wluoh, be¬ 

ing exponential in form, is easily solved by a logarithmic diagram. Hg 18 shows the 
relationship of s, R, and <8, for usual ranges in value and for n » 0.01. Since « vaxim 
inversely with n, the diagram may be used for any value of n by introducing a proper- 
tional factor. 

^ Fsampla i. A wood'etave pipe Is 6 ft diam and 2 miles long; available head, 10 ft. If a * 
OiOll, what are s and Qf fi 6 4- 4 l.S. S » 0.95 ft per 1 000. Enter diagram at alo|e 0.9S 
(intwpolated between 0.90 and 1.0), fdlowing slope line to intersection with A value of 1.6. TIflB 
point f^ on « scale between 5 and 5.5 and v ia estimated at 5.3 ft per see. Since the <hagram is 
iaa<fo for a ■■•0.01, s for 0.011 would be 10/u of 5.3 or 4.0 ft per see. Sinee a w 28.2 sq ft, 41« 
a X V ■ 138 eu ft per see. Mtamplt t. A riveted steel |npe 4 ft diam and 5 000 ft Jong is to eany 
60 cu ft pat see;, n ■■ 0.016. What head is required? R ■■ l.O ft. a •• 12.6 eq ft; heaoe s W 
‘4-12.6 «* 48 ft per sec. Since diagram to for n “ 0.10, whereas, here, n — 0.016, tiie » uSdd jm 
diagram should be 0.016 0.01 or 1.6 X 4.8 - 7.7 ft per see. Enter diagram with R • 1.0 gad 

nm ts intsmectlon with interp<dated line fw v - 7.7. Position of this Intfrseetion on 8 eeele |dvw 
ffe. 2,7 ft per 1, 000 ft, total A required - 2.7 X 5 « 13.5 It. fop; ••• 

Upltr^f application. Ohtey formula ia be^ used for vikwitieiB betwign 1 gawk'd ft 
but if fully rdiabla up to 10 ft. Ftor hydxanlie radii grsatw thaun 10 It, yatoiatiii' 
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. gNwter tiuua 10 ft p«r mo, dopes ^tter than 1 in 10 000, it dioold be need with oaution. 
For Boe t greater than 20, it ii u nr diaMe. Results from ^e formula must not be expected 
to be oci n d st e nt ly closer than 5%. For valoea of n reocHmmended for use in design see 
Art 14,15. It can t|e shown that S varies as n* for values of B greater than I ft, and that 
9 varies approximately inversely as n. An uncertainty of x% in seleoting a will dierefore 
result in an uncertainly in a computed dope of twice this amount, or 2 x%, and in a oom> 
puted velocity of x%. 

Bsppnential formulas. While the Chfisy-Manning formula fits conditions for larger 
and rougher conduits, measur^ents of smaller pipes, of smoother surface, or of scattered 
roughness such as caused by pitting, indicate that / (or C) does not tend toward a constant 
value, but varies with changes in both diam and veloc. 


^ Slope of Rydraulic Gnidlent»S in per cent 

^ a a 333 S 3 SSS 8 . 

■ ■■- I I 1' I I I'l i'H V' jv i\ jf i-viiiw 



8.1? 3 3as 

Slope of Hydraulic Gradients S In per cent 

Kg 19. Diagram for Solving Haaen-Willianis Formula 








For example, the ’•Meniman” line in Kg 17 is an aver for eroooth, new-«Mted, C-I pi^; a 
■iwii]|mr line with higher values of / and a different slope would represent older, pitted “*1' 

the “smooth pipe” line is the lower himt and a line ouch as the upper do«^ ro^ pipe bM of 
Pig 17 reprseents a typical upper limit in the range of / for pipes. (The Cbe^-Manning eaimt^ 
apdies to the horia portion of this rough-pipe bne and intermediate lines of similar form.) in^ 
mediate types of pipe often appear to fall in a class giving data eorrasponding to the tiding 
“MerrisSan" curve, intermediate between these limits. An exact correlation of such data woidd 
reouire i special equation for each sue of pipe, but aver date may be approximated by an exponential 
squationi like the CWiy-Manniag, but with different constants and exponenta. 



about f]ba same as tiW of Ch4ay constant C. 
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Hana-WilUaiaa tdvim foUowing vtlvM of e: for very bostC-I pipo, 140; good lunr 
I^pe, 130; tuberouUted C-1 pipe, 80 to 110; deeigtOng OI pipe, 100; new rivptod eteel 
pipe, 110; ordinary W>I pipe, 100; lead, braes, tin pipe, 140; smootili arood pipe, 120; 
Titrified pipe, 110; brick sewers, 100; smooth dean masonry, 140; slime-ooated masonry, 
130; ordiBJuy good masonry, 120. 

The diagram. Fig 10 (8. D. Blddt, Eng R«c, Nov 30, 1907), is (xmveni^t for solving 
Basen-WilUams formula. It is construct!^ for c ■■ 100; for other values of e multiply 

the required discharge by 100 Hh e, 
^ and the resulting value of Q must 

be used to get the sise of pipe and 
veloc. Then multiply this v^c by 
the ratio e + 100 to get the true 
value. * 

Sxamph 1. A C-I piP* is to earry 
10 ou ft per sec, length 1 000 ft, avsil* 
Mblo head 10 ft. Using e lOiO, find 
required sise. S » 1 ft per 100, and 
running vert from this slope in the cUa- 
gram to the interseetion '^th the hurls 
line representing a discharge of 10 eu ft 

Fig 20. Hydraulio Qradient for Compound Pipe psr sec, the intersection is found to be 

slightly below the IH-in diani line, indi< 
eating that an 18-in pipe is needed, and the mean veloc is slightly lees than 6 ft per sec. Bxample t, 
A wood pip* is 4 000 ft long, and is to discharge 60 ou ft per sec with 20-ft available head. Find d 
•and V. In this case e — 120. Multiply Q by 100 4- 120, giving Q •• 60, and enter the diagram 
with this value and a slope 8 0.6 ft per 100, as before. Hence, d «• 38 m and s 0.6 ft per 

seo. Aetual t will be 0.6 X 1.20 - 7,8 ft per sec. 




The Basen-Williams formula was derived largely from a study of C-I pijie, and is beat 
lyiplied to design of this type. In general, however, the designer selects the nearest 
stModard sise of pipe and no great refinement in calculation is necessary. Similar formulas 
for other kinds of pipe have been derived by Scobey: for wobd-stavo, v ■■ 184B®***5®’“; 
concrete pipe, s — 127i!® See 

Ttek BuUetin* of U S Dept of Agri- 
oultore. 

Compound pipei. Algebraic ex- 
pressiona can be derived, giving exact 
relations between discharge and head 

for oompound pipes, but it is simpler ELEVATION 



to solve these proUems by deter¬ 
mining aiie of a single pipe that will 
be equivalent to the given combina¬ 
tion; that ia, sudi a sise as will give 
same lom of head for a given dis- 
dmiga. 

MmmpU, Find the disdiargs from 



the oosapouad pipe ia Fig 20. Take 
0 m 100 in Hasen-Williams formula. 
Aasttine any oonvenisat and reaaonablo 
C, say 3 on ft per seo. From Hasen- 
WUliams diagram find for the 8,10, and 
12-ia pipss tiis required grades or loss 
of head in per cent, vis, 5, 1.8, and 0.7 
lor this Q, wbitii, multiplied by the rs- 
spsotivs lengths, give 16, 0, and 5.0 ft, 
or a totid cf 20.4 ft neeeesary head. As 



(» 

Fig 21. Brsooh Pipes 


the total length ia 1 600 ft, this repre¬ 
sents (m aver loss of 1.46 ft per 100, and the uniform pipe which would give a itisoharge of 4 ea ft 
per eeo with thk hydraulio gradient would be (from diagram) about 0.8 in diam. Actual avaU- 
abla head is 40 ft (8 ■■ 2.5%}, and Q for a 0.8-in idpo with thie head is 3.6 cu ft psr,sec, tin 


r equ ired valua. 


Brgpdi plp«4, M shown in lig 21a, may be edved similarly. Hmt find aiae of unifontt 
pipa Id TildaM BCf>E, as above. Thie ic found to b4 8.8 in. Notir the lorn of head 
bntwsnn J8 and Bmuot be the mma fay both routea,BF and BCDF, Annatie lay mn on- 
|Mn,km of head, say 18 ft, and find disohniie Iqr ench rauta. For the BE pi^ (10 fat. 
jnH kmi^, S *■ 8.8 ft per 100, end from the diafrem C » 8.7 ou It per eee. JHer SJMn 






KINDS OF PIPE 


38-17 


pipe 1 200 It Idng, 5 • 1.26 and Q ■■ 1.8. Total ^Boharga S.6 cn ft per mo, and diam 
ef pipe 600 ft long which will d^ver 6.6 on ft per aeo under a head of 16 ft is found from 
the diagram to be 11.6 in. The problem is thus reduced to that in Fig 20, which when 
computed as above for compound pipes, assuming a Q of 6 ou ft per sec, gives uniform 
pipe of 11.9 in, the discharge for 2 400 ft of which under a 60-ft head is 5.2 ou ft per see. 

FIs 216 shows another problem in branch pipes. It may be solved alsebrsioaliy, but more easily 
by trial. A certain portion y of the head up to the fork must be used up in eausing a discharge 
through AB that will just equal the sum of the discharges through BC and BB under the remaialng 
heads 80 *- y and 100 — y. Value of y is best found by trial. From Fig 21b, since lengths AB and 
J92> are same, it is evident that y must be more than SO, and by a few tiiais it is found that y » M 
will give satisfactory results, the total discharge being 23 cu ft per see (BC » 2.0 and BD -• 2a5). 


12. FLpW IN OPEN CHANNELS 


In open channels, as canals or ditches, or in pipes, aqueducts or tunnels flowing part 
full and, hence, not under press, the hydraulic gradient coinddes with water surface and 
alope S is slope of this surface. The Chbzy formula is commonly used in design (Art 16). 

Earlier practice used the Kutter rather than the simpler Manning formula for C, and 
in legal oases in West, this is still widely recognized in courts. (Flow of Water in Rivera 
and other Channels. Transi by Bering and Trautwine, Wiley A Sons.) llte Kurrea 
roBMvi.A is: 


1.811 


+ 41.65 + 


0.00281 

CT 


c 


1 + 


n 


r. 


V5V 


41.65 + 


0.00281\ 
-S J 


where n, E, and S are defined as in the Chfizy-Manning formula. 


ITsusl problems in non-premure, or open dtannel flow, deal with steady, eetabliehed, vniform 
Jlaw, that is, constant flow in channels of uniform slope and croes-seo. The surface and bottom 
slopee of the channel are the same, and 3 is utilised entirely for overcoming frictional reeistances. 
Thus the "energy of flow,” A — + v* + 24 ; is constant, where d is depth of the channel and • 

the veloo of flow. This rsquiremsnt may be met by two depths or stages (levels or elevations) of 
flow. Thus, for 50 cu ft per sec discharge, a d of 9.8 ft with an aver s of 5.2 ft per sec, or a d of 
2,2 ft with V 22.7 ft per sec are possible. The former is known as the tranocul sTAns or now 
and commonly oooiuv in slow flowing, low-slope streams, canals and other conduits. The latter, 
TOKBBJmAi, F1.0W, requires steep slopes and is found in the overflow, or spillway, sections of dams, 
in inclined chutes, or in the escape from pattially opened sluices. The elope required to maintain 
au<^ flow is generally lacking and a sudden rise in water surface, known as the ryobaclic 
occurs when flow changes from torrential to tranquil stage. This phenomenon is important in the 
deeign of spillway dams and outlets. 

Oooaaionslly, problems in steady NON-umrOBii ixow are encountered, as constant flow in ohan- 
nsls of varying ctoss-eec. Then, E is not constant, but energy may be added to or taken from'the 
flowing stream. The water eurface may form a backwatrb curve, where veloc is retarded as 
depth increases, or a drop-down curve, where reverse conditions bold. The critical dbptr, or 
depth for minimum A, is an important criterion in determining whether the flow will form a jump 
or a backwater curve, a drop or a drop-down curve. For these special probleme of non-pressure 
flow, eee ” Hydraulics of Open Channels,” B. A. Bakhmeteff. McGraw-Hill, 1932. 
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13. KINDS OF PIPE 

Stgndafd gitai. In couputiag tha necessary diam for a pipe no great dqgree of reline- 
nent is ordinarily neosssary, as it reduces to a question of selecting a standud rise. The 
relarive discharge oapao of pipes varies as the s/i power of the diam (about) and is shown 
below, vring a 4«in pipe as 1. An 8-in pipe will cany 6.6 + 3, or over twice as much as * 
6-ln l^peihence no very acourate computations are necessary to detennine whirii is 
Tsquired. 

Dtott . 4 6 8 10 11 14 16 20 24 * 30 36 

lUbtllv* . 1 8 6.6 12 20 30 43 80 130 235 390 

0* **- Steiulard riies are 4,0,8,10,12,14,18,18, 20,24,30,88,42,48,64. 
Wtd in, vuraally in 12-ft lengths, with bdl and sjdgot or flanged Joints (See 41). 





88-18 


BLUMEirrS OF HYDBAUliICB 


Th« latter is vmA te pwp oonnsetioiuit or wb«rev«r it may be ocoaaienally neeesaaty 
to remove aeetiona of pipe. Bell and ei^t is oommon for water and gaa nuuna. The 
joint ia made by first packing witih oakimi, then pouring a collar of lead around ^ Ml. 
whidh^ia afterwards e^ed tight (Table 8). Cement joints are oosnmonly used for gas 
mains.'' Pipe is made in standard dses sad tbioIrniieBpe (Table 8}; tox large ordars. any 
desired thickniws is obtunaUe. 

4 

Q-I pipe is usually in 12-ft lengtba, oast with ball down, and daanad and dipped in hot tar and 
HSaaed ^ for a prota^ve coating. In recant yaara, spun or oantrifugally cast pipe haa become 
predominatins type, and length haa been increeeed, r^ucing number of jointB. This proceaa givaa 
a denser, stronger metal, and thickneaaea given in Table 8 can be correspondiaa^ reduced Ctee 
eataloguas of maketa). 

C*I pipe is subject to formation of tuberdlee of ruat (particularly when used for impure water or 
water oontaining free COt). which aerioualy aifeota its carrying capao, but uaualiy without greatly 
impairing its strength. Probably Hasen-'WilliamB formula (Art 11) ia the beat to uae ia design, and 
while the value of e may reach 140 for new pipe, about 100 must be used if the carrying capao ia Jo 
be maintained over a period of years. In laying C-I pipe, “bell holes” should be dug for me 
idnts, BO that the pipe will have a 5rm support over its entire length and not rest on the ends; 
for large aiaes the bMfc fill should be well tamped around the ]»pe and for a depth of 2 or 3 ft over 
it, to relieve the pipe from excessive external loading. C-I pipe has an aver life of 40 to 80 years 
or more. Coat varies eonaiderably.averagins between #46 and $60 a ton. Speoialahapaa, aa Ys, Ta, 
ourves and blow-off branches, aver |100 a ton. See Sec 41. 

W-Z pipe waa formerly made in considerable quantities, but has been praotieslly replaced by 
mild sted (frequently sold as wrt iron). The relative durability of the two materials has long been 
a matter of dispute, but since 1916 only 1 or 2 firms in U 8 nuke a real W-I pipe, so that there is 
seldom opportunity to choose between them. 


WlMgM 


(a) Slip Joint 


Sted pipg is welded, ordinary riveted, spiral riveted, and lock bar. Btrrr or ZiAP- 
wsu»BD PiPa is of mild steel, from i/g to 15 in nominal diam (actual internal diam varies, 
Sec 41). It is used for steam and water connections in mechanical work, for interior piping 
in watOT supply, gas and heating, and for supply pipe lines and pumping. It is standard 
for most service, when the required sise is 10 or 12 in or less. <^ite recently the making 
pf lap-welded pipe of larger sizes has been developed; it is now made to 72 in diam, and is 
u^ in water-power work for high heads, where the saving in metal due to its grrater joint 
strength and perfectly smooth interior make it more economical than riveted inpe. 

Riveted sted plps is used chiefly in large sizes and for high heads. It is made of 
curved dieets, the longit edges of which are joined usually by a double-riveted lap joint, 

although in the larger sises butt 
joints double or triple-riveted 
with mngle or double cover plates 
are used. Sizes to 30 in diam 
are sometimes made of single 
dieets in 12- or 15-ft length 
Larger sizes are made with single- 
riveted lap transverse joints. 
Field joints between the lengths 
are made in several ways. For 
...... iow press and pipes to 40 in 

(b) Flanged Joint diam, a slip joint may be used. 

A sleeve is placed iiuide and at¬ 
tached to one end of the pipe, 
which is covered with burlap or 
canvas coated with red lead or 
asphaltum and then driven into 
(d) ExnuiBioD Jdat next length and 

held by wire ties. For higher 
(p) Boltod John press, the pipe ends are rivet^ to 

Fig 22. Steel-pipe Joints forged stM flanges, connected 

by bdlts and gs^ets. Fig 82 
shows several jmnts. Bolted joints are also used, which not only act as expansion joints 
but also aUow a dight deflection and permit straight pipe to be laid on easy curves. 
T.«n4!kz of large lape are riveted or w^ed together in the field. For design of rivetsd 
joints see Sec 43. 

8vind«i^eted pipe is frequently used for smaller heads and in sises to 42 in (See 48). 
It ite made in Ifi-ft lengths galvanised, and 30 or 40 ft, asphalt coated. Egdh length is of a 
ajw^ * dieet, rolled with overlapping edges forming a shifl^oriiveted Qijnd seam. Iliis 
nlipis^n eflhs jdnt a^^nst bursting, and the seam is said to be the strongest part of the 
pliil. la large rises it is not tiiioker than 0.25 in, and thouidi naad for oidinary watar Op 


Rubbra 


id) ExpunaloD Jdat 


(p) Boltod Joint 

Fig 22. Bteri-pipe Joints 


la large rises it is not tiiioker than 0.25 in, and thouidi naad for ordinary watar Op 
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T|«bl« S. standard Caat<lron Ball and Sidgot Pipa (U S 0*1 Pipe A Foundry Co) 



.doss A lOO-ft 

Clara B 200.ft 

Clan C 300-ft 

ClanD 400-ft 

h 

a 

i 

hsatd, 43 press 

head, 86 Ib press 

head, ISOlbprera 

head, 173 lb pren 

-S3 

li 

1 

ll 



Lb per 

,.S 
1$ if 

Lb per 

A-'- 

Lb per 

a 

ill’" 

IS 1 
H ^ 

Lb per 


Ft 

L’th 

g* 

Ft 

L’th 

IS § 
H « 

Ft 

L’th 

Ft 

L’th 

S’S 

|l 

3 

0.39 

14.5 

175 

0.42 

16.2 

194 

iJE ’ 

17.1 

205 

0 .48 

18.0 

216 

6.(0 

0.18 

4 

0.42 

20.0 

240 

0.45 

21.7 

260 

tV : 

23.3 

280 

Iwrl 

25.0 

300 


0.21 

6 

0.44 

30.8 


0.48 

33.3 

400 

w 

35.8 

430 

0.55 

38.3 

460 


0.31 

8 

0.46 

42.9 


0.51 

47.5 

570 

w! 

52.1 

625 

0.60 

55.8 

670 

13.25 

0.44 

10 

0.50 

57.1 


0.57 

63. B 

765 

0.62 

70.8 

850 

0.68 

76.7 

920 


0.53 

12' 

0.54 

72.5 

870 

0.62 

82.1 

985 

0.68 

91.7 

1 100 

0.75 

■EiKD 

1 200 


0,61 

14 

0.57 

89.6 

1 075 

0.66 

102.5 

1 230 

0.74 

116.7 

1 400 

0 82 

129.2 

1 550 

■■ Vif* 

0.81 

l« 


108.3 

1 300 

0.70 

125.0 

1 500 

EXa 

143.8 

1 725 

0.89 

158.3 

1 900 

; fliili 

0.94 

16 

0.64 

129.2 

1 550 

0.75 

150.0 

1 800 

0.87 

175.0 

2 100 

0.96 

191.7 

2 300 

ilKi 

1.00 

20 

0.67 

ISO.O 

1 800 

0.80 

175.0 

2 100 

0.92 

208.3 

2 500 

1.03 

229.2 

2 750 

'Mill 

1.25 

24 

0.76 

204.2 

2 450 

0.89 

233.3 

2 800 

1.04 

279.2 

3 350 

1.16 


3 680 

? iW 

1.50 

30 

o;88 

291.7 

3 500 

1.03 

333.3 

4 000 

1.20 

400.0 

4 800 

1.37 

450.0 

5 400 

54.25 

2.06 

36 

0.99 

391.7 

4 700 

1.15 

454.2 

5 450 

1.36 

545.8 

6 550 

1.58 


7 500 

64.75 

3.00 

42 

1.10 

512.5 

6 150 

1.28 

591.7 

7 100 

1.54 

716.7 

8 600 

1.78 

825.0 

9 900 

75 25 

3.62 

48 

1.26 

666.7 

8 000 

1.42 

750.0 

9 000 

I.7I 

908.3 

10 900 

1.96 

DDi^ 

12 600 

85.50 

4.37 

c 

•o 

1 

Claas £ 500-ft 
head, 2171b 
press 

Clara F 600-ft 
head, 260 lb 
press 

Clan 0 700-ft 
head, 304 lb press 

Clam IT SOO-ft 
bead, 347 lb press 

i 

1 

a 

a 

1 








- 







.9 g' 

1 

II 

H " 

Lb per 

Q 

»ira 

Is 

Lb per 

Thick¬ 
ness, ii 

Lb per 

gs 

Lb per 

h 

ll 


Ft 

L'th 

Ft 

L'th 

Ft 

L’th 

Ft 

L’th 

S's 

|i 

6 

0.58 

42.5 

510 

0.61 

44.3 

531 

mi 

48.1 

577 

liM 

50.5 


21.9 

0.22 

8 

0.66 

60.9 

731 

0.71 

66.8 

HTin 

Em 

72.3 

868 

lilBil 

76.1 

913 

28.2 

0.28 

10 

0.74 

86.9 

1 043 

O.BO 

92.8 

Dia 

0.86 

■ IHIEB 

1 217 

0.92 

IQS] 

1 288 

34.5 

0.34 

12 

ESj 

Il-t.6 

1 375 

0.69 

122.8 

1474 

0.97 

136.2 

1 634 

wmn 

144.4 

1 733 

EnKl 

□C3 

14 

IjtU 

145.6 

1 747 

0.99 

158.8 

1 905 

1.07 

175.1 

2 101 

1.16 

187.5 

2 250 

47.1 

0.46 

16 

0.98 

180.7 

2 168 

I.OS 

196.5 

ft 

1.18 

218.0 

2 616 

1.27 

233.8 

2 805 

53.4 

0.52 

IS 

1.07 

221.8 

2 662 

1.17 

239.3 

ll- 'j '1 

1.28 

268.2 

3 218 

1.39 

287.8 

3 453 

59.7 

0.57 

ml 

I.IS 

265.8 

3 190 

1.27 

267.3 

ii J 

1.39 

321.-6 

3 862 

1.51 

345.8 

4 149 


0.65 

mi 

1.31 

359.1 

4 309 

1.45 

392.3 

4 707 

1.75 

479.8 

5 758 

1.88 

510.6 

6 127 

79.4 

0.76 

i 

1.55 

1.80 

530.9 

738.1 

6 371 

6 857 

1.73 

588.8 

7 065 







122.9 

0.93 

2.02 

821.0 

9 852 

Mi 

. 





146,7 

1.11 


JoW'diead pipe lines, is best for oonstruction work where its great strength as a beam eaves 
naoessity of frequent supports. Also, for its strength, it is the Ughtest steel pipe made. 

Lock-bar pipe is a form of steel pipe in which a 1CX)% efficient joint is obtained by bend¬ 
ing a steel plate to the proper form. The edges, first upset, are inserted in the open 
groovw of a "lock bar" or small H-aection, which is closed over the upset edges by a 
hydraulic press. 

life of steel pipe depends on so many factors that it ran be given only in general ttims. 
Unlike Cl, which rusts more or less uniformly, steel often pits through in places. Thin 
afoel pipes, 1 /g in or even less in thickness, have lasted 16 or 20 years. A thickness not leas 
than 0.25 in should give a useful life of 25 years or more. 

Carrjd&g capac of small sises of steel pipe may be found by the Haaen-Williams formula 
(Art»ll). For large, riveted pipe, with rivet heads and seams projecting on innde, the 
Oi^sy, formula is often used with n • 0.016. Formula V ■■ 1.34 is also used, 

where V *■ vdoc, ft per see, D •• diam, ft, and H ■* loss of head, ft i»r 1 000. 

W(|od pipe has 2 fonns: continuous-stave, built in place, and machine-banded made in 
lapgdia in factories. 

Cilntinooiss-staTe ^pe hat been built up to 14 ft diam; it is rarely mads leas than 2 ft d iai a. 
n is best adapted to moderate preasures, from a min of 20 ft head (eoasidwed neoeaaary to keep the 
‘wood attturated and prevent decay) to a max of 200 to 250 ft. Advantages for large diam ;i^pe: 
tow great earrying eapao (a0.009 to 0.011 in Ch4ay’s formula); easy Wanaport of material, 
eWVMM ihod^t^rddiua rea^ mwle, leas liable to freeae than steal, greater atrength agaiaat 
d^wMatlen than wn ateel. Stavee are milled wiUt radial edges, to form true drculer inside and 
outet^^j^ioea They have a length of 10 ft ud upward, aver 16 ft, and are {daoed BO as to bcfiyc 
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elements ot bydkatjlzcs 


ioiat bjr S ft. Joiate betwacn eada of ataTM art aiadt by matat toaguoa iaatrttd la taw fctrft 
(lig 28). Boopt an usually of ronad, atild attol. in oat idtoo for idpat to M ia diaan Ilioy faavt 
button htad on oat end. and oold-roU^ thrtada for ft in or auurt on other end, Vhieh it often upset 
to nake thread aa atroag as body of bar. Ends of hoop rest in a auditable iron ahae, and the 
handle einohed up by a hex nut. All netal wwk is heated and dipped in a mixture of aephalt and 
liaaeed and touched up after placing. Pipe ia built by using an outside form for lower half, building 
up both sides at same time, and an inside form for upper half resting on lower half. Shan> ouryes 
are to be avoided. A radius of 60 times the diam is the usual minimum, but this has been exceeded. 

__ _ _ _ ___ •_ _ _ _ Ik _ Jl _ I WV__^_ _ _ _ _ 11 ^ _ _J_ -_1 1 -__ 




side^ by many to be too soft. Staves are milled from standard iUckneas ^ lumber for each diam. 

Diameter of pipe Nominal thickness of staves 

10 to 14 in 64 in 1.6 in thick, 4 in wide 2.5 in thick, 8 in wide 

' 16 to 48 in 60 to 72 in 2 in thick, 6 in wide 3 in thick, 8 in wide 


M MW twraa OffW 




Pig 23. Continuous Wood-stave Pipe 


Actual dimensions of staves vary with each diam. The only computation made is for siae and 
spating of bands. Bawns. If safe strength of band (lb) s, then s » svr*, where t ~ safe 

tensile strength, usually 1ft 000 lb per sq in, and r • 

_ p radius of band, in. Bands may cause failure by 

breaking in tension, or by crushing the wood fibers. 
saS HiiwsvW—W Mrfawe Xhe safe crushing load on wood can in this case be 

■ Ml""' taken as 650 lb per sq in. Width of bearing of band 

^ on wood r, and some specifiestions require that 

w***»^w»u* band be hammered into the wood until this bearing 

“ secured. Hence, safe load on band would be s ■ 
* “ radius and t •• thieknesa of 
I Ml jMcenoN W pipe, in. For economical design, diam of band should 

& ornra B t>s such that values of t figured from either formula 
are equal, or r — 0.0138 (S + f). Diams of >/g, 7/ig, 
*** 1/t, 6/g, i/t, and 7/g in are used. Spacino op bauds 

— w determined by the hoop tension due to water press, 

and by the tension produced by swdling of the wood. 
Using the minimum s (see above) the spacing of bands, 
in s -!• (pJf X «<), where p — water press, lb per 
cwelUng force of the bands, which can 
not exceed the compressive strength of wet wood and 
. _. rocy be taken as 100-12S lb per sq in. Lip* op wood 

Mg 23. Continuous Wood-stave Pipe npi ia very variable, depending on conditions under 

which it is used. A buried pipe line, with a cover of 
2 ft or more of clean soil free from alkali or vegetable matter and maintained under a head of 20 h 
or more, will have a longer life (25-50 years) than a line above ground. Under less favorable eow' 
ditions, life is 6-15 years, and the pipe is best supported on cradles or sills. Connections are made 
by inserting steel Ts or branches in the line, to which the wood pipe is firmly secured. 

Macblna-banded pipe is built in the factory in lengths of 8-20 ft and 
diam ranging from 6-48 in, usually not over 24 in. Pipe ia of staves 
with edges milled to form tongue and groove joints, banded with double 
l^vanised sted wire, wound spirally by machine under high tension. 

Wire is No 8-0, else and spacing being regulated according to the press. 

Mat steel bamto are tdco used. The outside of the pipe is heavily coated 
with hot asphalt and tar, and rolled in (<t), 

sawdust to make it better to handle 
and ship. The inserted joint (Fig 24) 
is for pipes to 14 in diam. A wooden 
collar or wood-sleeve coupling is used 
on larger aises. This form has been 
need for watei^upply pipes, instead of 
east iron, also in hydraulic mining, and 
ia useful for same service as continuous 
idpe, but where smaller sises are re¬ 
quire 

Coasrete pipe has been used for 
dxalas, culverts, and fw distributing 
water under heads of less than 16 or 
20 ft. The mixture is 1 : 3 or 4 Port¬ 
land eement end fine pit or bank 
gtav^ east in metal molds. A thin mmsw 

iatorior ooating of neat oemeat is ad- tamwaiww W , 

vIsaUo to ma k e the pipe less pwvious. Mg 24. Machine-banded Fig 26. Coasrete Kpsa 
Joints are made taping (Mg 2fta). Wood Pipe 

The bell end Is wsil cleaned and fiUed 
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Mg 24. Maohine-baadad 
Wood Pipe 



Fig 26. Coasrete npSi 


wtth 1 1 2 aemmit mortar, and ia tiian jammed against the thpar end of pcnvtons Isagth. Sfptplua 
mortar is nmaoved, and a mftrtar band 2 la wide by 0.6 in thlA is forated on ouiside ol pftFe, 

. I M inl e re s d se i a c r e t e pipe fdr yety larga diamis bum ia place in the trench. Ordinary mies aw 
«i|l^ la metal tame. » has bem Wit to tdand a pwm of 100 ft h«a4 bat the Ui^ is gansrally 
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uialkr. 17 B S«d«in«tion Ssrvioe hw used it for upiMr part of woodkitavs Bnaa, wlicm tba tMpd it 
20ft 'QrlM> and wopd pipe undwabla. Thttdpe is luu^ly of 3 to 0 or 8»ft ladkctba, of 1; 1.S : 8 ot 
1:2:4 conoteie, the thioknesa being 1 in for eaoh ft of diam. Spind reinforoing, hdd at proper 
pitch by timaing bars, takes the entire hoop tension. Plain wire is used, oomputed for a stress of- 
12 000 lb per sq in, and a sise that giveB a |»teh not over 1.5 or 2 in. For jcdnts, see Fig 25h. 

Vitrided tile pipe is the commonest for sewers and drains to 36 in, but is usually 24 in and under. 
It is made in 24. SO, and 30-in Icnitths, with’beli jmnta like C-I pipe, filled with jute packing and 
cement mortar. As it is never under press, only the external loading is important, and the standard 
thipkneases (l/u to l/u of the diam) are satisfactory if properly backfilled. Standard siaee, 4, fi* 
8.10,12, 15, IB, 21, 24,27, 30,83, and 36 in. 


14. STRESSES IN PIPES 

Boop tension it important in pressure pipes, and is the principal stress (or which they 

(p 

are desisned. Based on Art 7, the general formula is f -- + K, where t »• 

0 

necessary thickness of shell, in, p « static press, lb per sq in (■= 0.434 times head in ft), 
p' ■■ idlowance for water hammer, lb per sq in, r » radius of pipe, in, s » allowable streM 
in shell, lb per sq in, JiT « constant, added to the thickness determined by press eon- 
siderationB alone, to allow for deterioration, safety in handling, eccentricity, etc. Wood- 
stave pipe requires special design (Art 13). 

The values of « and jRl depend on the material of which the pipe is made. For C I, a 
has been taken from 3 600-6 000 lb per sq in and K usually at 0.26 or 0.3 in. For steel 
pipe, s is taken at 14 000-16 000 lb or more and K at ^/is-O.l in. For permanent construc¬ 
tion, thickness is usually i /g in minimum for small pipes, and 0.25 in for diam over 2 or 3 ft. 

Water-hammer is caused by suddenly stopping the flow in a pipe, as by quick closing ci s vtdve 
at the lower end. The value of p' depends on length I (ft), veloo of flow v (ft per see), and the 
time ( (see) of oloeing the valve. The press pi, lb per sq in, above the normal press of the Sowing 
water poi ** 0.027 {« 4- (, or 63 e; the former expression to be used when t exceeds 0.000428 i, 
and the latter when t equals or is less than this value (Merriman). p' will then equal Pi + Po ~ p. 
To make p' •“ 0, the time of oloeing is ( ~ 0.027 is (p ~ po)- In water-power penstoolra, relM 
valvee, standpipea or surge tanks, are used to relieve the press caused by water-hammer. On long 
lines, valves are so arranged that they can not be closed quickly, and it is generally assumed that 
the water ram caused by closing a gate valve will not exceed 0.5 p. In designing C-I water pipes, 
values (d p' are ueusUy 100 to 120 lb per sq in for 4 to lO-in pipes, to 70 lb for 42 to 60-in pipes. 

Bsckffll pressure may be important where pipe is laid in a deep trench. Steel pipe is seldom 
placed under deep cover. Cast iron usually baa sufficient thickness, when in steward sises or 
designed u above, to resist bending due to earth covering up to 20 ft or more in depth. Tile pipe is 
made only in standard thicknesses and must be carefully backfilled with selected material free ft«m 
large stones, and well tamped around and for 2 or 3 ft over the pipe. Careful backfilling of trenobw 
in any ease is always wise. Concrete pipe is sometimes designed to withstand external loading. 

Formula f ■■ l/gdVA -i- < may be used in design as a rough check, t, d, and a, in, bdng 
. same as for hoop tension, and h > depth of fill, ft. Wt of fill is say 100 lb per cu ft, and A 
is usually taken at 0.6 to Va the total depth, to allow for arch action. The aznoimt and 
distribution of load is uncertain. Formula assumes the load to be uniformly distributed 
over tiw uppmr half of the pipe, and that it is resisted by uniform press over the lower half. 
This produces a moment in tiie shell Af, in-lb per in of length » i/ie Wd; where W "* total 
load per linear in of pipe and d ■> diam, in. A concentrated load produces a positive 
ifkoment Af « 0.159 Wd at top and a negative moment "i 0.091 Wd at aides. ' Careless 
backfill may cause some other mode of loading (BuU No 22, Univ of Ill Expt Sta, 1908). 

Bztanifil atmospheric pressure, due td the pipe being placed above the hydraulic 
gradimt, dr to lack of or inadequate air vsltfM, has often caused collapse of thin steel and 
vropd-stave pipes. It is important only in lines of this kind. When the internal press 
beeranea less thui atmosphmic, the shell is subjected to a uniform external press »• p <» 
diffnmioe between atmospheric (14.7 lb per sq in) and the absolute internal press; this 
eautMs circumferential compression in. the pipe shell. The collapsing pressure for steel 
pigto. tt) per sq in « p » atout 60 200 000 (f + d)*. Air valves of too sm a l l a sise may 
meateir auction head than this amount, in order to supply air fMt enough to fiS 
lifilii^whun it k emptimi quidcly, intentionally, or due to a break. It is generally 

to prqride one or several air vidves <ft amjde area at all summits, tiian to inb* 
wtoiiiB flit pipe tiaeknesa or to provide flanges to'increase its coUapsfng strsi|gth. 

itraasii due to wt of pipe and water ar^ important in large stedl pipm tmdar 
Ipsthei^k They me nsuaOy lyovided for.'tmt by inaraesing the thicfcne^irf whidi 
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SLEkENTS .OF HYDBAXTLtCS 


is uneconomioal, tait bjr placing a oonerete aaddle under the pipe, or by riveting to the pipe 
at abort intervals curvM hoops made of angiea trfth an outstanding edge. 

Maximum moment ooeun at bottom of the pipe, and is due to the water load. M, ft4b per 
Un ft at pipe CwX*. where C depends on angular length of the saddle (the angle at center of idpe 
subtend^ by the saddle) and has the following approx values: for a - 0”, C 0.76; a -• 16*, 
C - 0.66; a - 30*. C - 0.42; a - 46*. C - 0.32. IF - wt of water, lb per on ft (-62.6) and 
A — radius <rf pipe. Knowing R and a, it is pcMsible to test a pipe for bending due to this oause. 
Idle fiber stress in the shell being found by the usual formula (Seio 43), and if neoesaary the else and 
spacing required for angle stiffeners are computed. 

Temperature range of a pipe depends on whether it is covered, and on its siM. A short eteel 
pipe of large diem full of water has a temp range nearly equal to that of the water (usually 32* 
to about 80* ; a long covered pipe line of small diam has a temp range about that of the soil, 

which depends on depth of cover and seldom exoeedB‘40* F for a 2*ft cover. If uncovered and with 
low flow, a email pipe may have a range almost equal to that of an empty pipe. Variations in 
temp produce longit stresses in a pipe that is fixed, so as neither to contract nor expand, the direction 
(tension or compression) and amount of which depend on the temp at which the pipe was laid. 
These stresses may cause buckling, and in many exposed pipes xxp vnsiok joutts are provided at 
intervals and the tops of saddles arc made smooth to allow expansion and contraction without 
exoeaeive friction. Jhg 22d shows a common expansion joint. These joints are usually placed Just 
below the anchorages on exposed pipe lines, and as anchorages occur at all bends at least one expan¬ 
sion jobit IS required on each straigbt portion of the pipe, and intermediate expansion joints are 
desirable on long stretdies of straight pipe. 


16. DESIGN OF PIPE LmES. VALVES AND ANCHOBAGES 

III general, pipe lines should be kept below the hydraulic gradient (Art 11). If th^ 
rise above it siphon action is created, which is undesirable because: (a) it interferes 
witii the action of the pipe line and usually causes decreased or uncertain discharge; 
(h) the pipe at high points is under external press and liable to collapse. A profile of the 
proposed line should therefore be carefully studied respecting the hydraulic gradient. 

Fig 26 shows profile of a pipe line. If a uniform diam is usi^ from E to B, laid on sur¬ 
face of the ground (JSCB), and the pipe discharges freely at B, the hydraulic gradient will 

run from AtoB, provid^ the pipie is first filled and 
then a valve at B opened. Part of the pipe near C 
will be above the hydraulic gradient, and therefore 
subject to what is termed negative press, but which 
is zWly negative only in the sense of its being leas 
than atmospheric, not less than sero. As long as CF 
is not over about 25 ft, the pipe will act as a siphon, 
discharging under the head A. But it is almost im¬ 
possible to make the pipe tight, and air will collect at 
C and finally break the suction action. The pipe will 
then discharge at C, under the head A' (the hydnudio 
gradimt running from A to O and a certain quantity of water Q, less than the remaining 
Xiortion CB could discharge under the head A — A'. The portion CB will t^refore carry 
off this Q, flowing only partly full. 

This action ^y be avoided in several ways: (o) Valve at B may be partly dosed, 
causing the gradient to rise to D and acting as an orifice, the discharge of which under head 
JBB just equals the discharge of pipe under head A — DB. This does away with negative 
press at C, but the dischar^ of ^ line is leas than with siphon action. Alw sudden open¬ 
ing of the valve at B, even if it is not opened more than the necessary amount stated above, 
may cause the “aecderating gradient'* to fall bdow C until the water gets in motkm and 
nonnal coOditions are reached, so that ur valves diould be placed at C U there is danger 
of odlapee; (h) if constant operation is unnecessary and negative press not liable to eause 
ooUapAe, the valve at B may be closed at intervals, which puts the pipe at C undar statie 
press equal to head A'. A valve at C may then be opened and air allowed to escape. It 
would be advisable in this case to place a large air receiver at C, to collect the air in this 
tank above'the pipe and not decrease the pipe section at this point; (e) a trench cai^be 
dug from <? to ff, to keep the pipe below the gradient, but this may be eoatly; (d) n eom- 
poond may be used, and this is usually the most satisfactory method. A large liaeie 
need from S to <?, to deliver say 10% more water under the kf than a smi^bar tige, 
nmaittgfrom C to B, will delivn- undeir the head A - 

Eaa0pU dig 27), Kpe line from A to (? it to didiver 2 eu ft per see at C. with a^timdaal 
pceea of 85 lb ^ sqln (- 25 X 2A0 - 67.6 ft head). U the pipe detiven title quantity whed 
tamihratt jb em^y, availaUe heed eauelag flow - IM — • *- 67.6 — 06.6ft> For a mfllami jpipA 
erith alotie 1.76 pm 100, and * >» 100, d » Bl 6 in dig IM)} hlpao, eae a 0«r lOda 
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tU«« thtt inAaBt win be AC* , writii wipboB a«tion pment. Akot w waifora 144a pips is mialrad to 
fcsiip'AntriSsnt' sbove JS^'sad Sow at C must bo throttled. TJsinc o oompotnid pips for BO, tte 
•sulloblo hood ISO 11 — S7.6 * fll.S ft (dope 8.4 ft per 100) and asaratt staadard siso 
Olc^) is S in. wiUt this hoad S-ia ' 
pips will disgorge 8.4 ou ft per see. 

Fw the AB asetion the availat^ slops 
(ressrvoir smptp) is 0.25 ft per 100, 
aad a 144a laps gives 2.6 cu ft per see. 

Fig 28 shows hydratilio gradient 

for conditions arising in pumping « 

thnm^ inpes. Case a shows con¬ 
ditions in pumping from A to B 
against static head AC, and that 
tl» pump works tmder total head Fig 27. Profile of a Pipe T-i™ 

AD. In a pipe line for pumping it 

•is usually economical to keep velocity (and hence friction head) low; say between 1J5 and 
3 ft per sec, depending on cost of pipe and of pumping. In designing line Afi, an eco¬ 
nomical velocity is computed or assumed, and area and diam of pipe found for required 





discharge. Friction head is then 
found from diagram. 

In case b, if pipe AFB is once 
filled it would discharge under 
head AC, as in Fig 26, the hiNdrau- 
lic gradient running from A to B, 
provided distance EF does not ex¬ 
ceed about 25 ft. If - water is 
pumped through pipe AFB, the 



friction head is DC aad the pump 
acta against head DC — AC, pro¬ 
vided FE is as stated above. If 
FE be greater, the hydraulic gradi¬ 
ent changes to that shown in case 
e, the pump then acting undw 
head AB, and the pipe between 
F and B carrying off the discharge 
at F and flowing only partly full. 

If negative press is not permis¬ 
sible at F, the hydraulic gradient 
must be kept above F. This can be 
done: I, by increasing the head 
against which the pump is working 
to head AO (case b), which involves 
a smaller pipe, with increase of 
veloc and friction head for the 
same discharge: II, by designing 
a pipe between A and F tiiat will 
give an economical veloc and using 


a sise from F to B that will just 


carry off this discharge under head BB; III, by placing a valve at B and throttling tlw 
flow as in ease e. Here the gradient may be raised to line EG .and kept above B. In this 
ease air valves should be placed at F. If it is desired to take advant^ of gradient DB 
(o|se b), steel pipe is necessary for the part above the gradient, made thickenooidx to with¬ 
stand the difference in press (Art 14), 
orC-lpipemightbeused. Theremust 
be a valve at B, to prime the siphon, ‘^^[c*** *»>«) 

Valvea. 20 ab»WB tha nrafila of a _Valve 


▼ahres. 29 shows the profile of a V 

pipe Unii, with location of valves. Am 

vSnvaii'toMnaitesoape of air on filling, " 

ibid, mitral of sir on emptiring, are Fig 29. Profile a P^ Lme 

' plaoedet evsty summit and at ghut-off , 

Valves.' For a shallow reservoir, best type of air inlet is s simple standpipe, nsigg above water Ism 
lb reservoir. Airy^veaiwecdtenautomatie; float valves have been used, sutomsUcsJly pwmitting 
esan#W a.Ji^«g Air edleets at all summits, and must be rmooved, as by 

^enraary gste-vsbrss open^ by band. Hie neossdty of ample sir valves to prevent formatitw U 
vant^fosin^ pipe lints has been discussed,. 

Unas 
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piMwd OB • wooto p^^oboot lA ibo diua of noia pipe) leediag to diaduute in » etrauB or vaeto 
nha o Bol. BamMMrr oa egtoe (ordiaory geto-vaiveo) are plaoed at ead of pipe* aad* ia Umc 

pipee. at iatervala of 1 to 2 oiloe alone the liae. This pwmita iaepeotioa and rep^ d! aay eeetioB* 
without emptyinc the entire line* and in eaae of brealu«e voter anoy be shut off at aeareat vllro, 
thna preventint wastage and serious damage. These valves aid usually plaoed at aiuamits* with 
sir valves on eaoh side. A look and ohaia are put on all valves to prevent tampo^; on lai^ 
lines the valves are in eoverad manholes with locks. For large diam hnes, a sm^ bypMs pipe 
with separate valve is added; it is left open to relieve the press while the large valve is b^g closed. 
Cost of gate-valves increases rapidly with the sise; a saving in cost at a slight loss in hMd may 
be obtained by decreasing the diam of pipe at pointe where valves are plao^ by using sidtable 
reducen and tapering increases. Cuscx-vai.vbb are used mamly on pump Imes, at points where 
breakage would pwmit large backward flow of water, as at foot of inclines (at A, Fig 28a, b and c), 
and OB inlet pipe just outside tanks or standpipes. For small sisee a flap valve is used. For pipw 
larger than 24 ia, a diaphragm or valve plate is oast in an enlarged section of the pipe, and a numbw 
of small valves attached to holes ia the plate. A small by-pass is sometimes used to avoid heavy 
water-hammer, oaused by sudden closing of valve with pulaationa of pump. Raugy (SArarr) 
TAavSM are occaeionally used at ends of long pipe lines, or wherever water-hammer ia especially to 
be feared. They are nmple disk valves, opening outwards and held in place by springs adjusted 
to the press. 

Fraazing in pipes seldom gives trouble when there is continual flow. To prevent 
freezing in steel pipes, Bouohe’s formula ia sometimes used to find necessary discharge in 
cu ft per sec: q 0.0(X)045 TA, where A — exposed area of pipe and T a air temp in 
degrees F below 32". Where velocities are very low at times, as in water-supply mains, 
tnpes must be buried (3 to 6 ft, according to climate) or else protected by packing. 



Fig 30. Concrete Pipe Support Fig 31. Concrete Anchorage 


Pipe s up p or t s are required where pipe is plaoed above ground surface. Wood supports are 
oommon for wood pipe; for steel, conerete supporta (Fig 30} are usual. Distance between supports 
b roughly estitnaM by considering the pipe as a continuous beam, loaded with ite own wt plus 
wt at water, and usmg a low fiber etreaa 

Aadioraggs are neimasary for exposed pipe at all bends where tiie resultant press mi^ 
throw it out of line, at valves subjected to heavy static or water-hammer press, and on 
■tegp dopes. 

On steep slopee, the pipe b usually anchored by wire or metal tiee, carried to a deadman (heavy 
buried timber or a mam of oonorete). Fig 31 ehowe a eonorete anchorage on a bend. Anobora 
ate at A and B. Premuree on the pipe at A and B are equal, producing an outward thrust P ■■ 
123 Ah tin (8 + 2), where A ■■ area of pipe and h » static head. There b abo the eentiifugd 
tarae acting outwa^ F « Wtfl + 2 gB, where W » wt in lb at water contained in the bend between 
me 2 end teem A and Jf, • - veloo, ft per see, g ^ 32.2, and S - radius of curvature of btad, ft. 
It may abo be necessary to take into account pull produced by temp, atading force caused by 
tendeaey of pipe to elide down hill, and earth pram against the tees CD. The rmultant of all tbesir 
foesm, oombm^ with wt of concrete aeting through its center of gravity, should strike within m i d dle 
third of base (See 48) 


16. DESIGN OF DITCHES AND CANALS 

(In whnt foUowB, the word '‘ditch" is used to indude "osiuds.") 

gydruIfe-TaAins. When the cro s B sec aren of a channd and its pade are fixed, tile 
fom of erosB s e c having tiie greateat hydraulic radius (least wetted perimeter, Art 12) VriU 
frsatest velocity and discharge. For this result, the proportions are moh thai tim 
' radHia w 0.5 tibe depth. For a rectangular aeotion (flume or rook-«ut) these 

_I indicate that dci^dioald be 4X6 the breadth, as this gives the Isastwettsdl 

(gnd hence least cost for a flame); it also giveeleeet area for a dieebiMie« 
...^^itleaeteoBtfmraroekeut). For a tmpeeoidal edotion the most eCcmomical lorm 
fdli A iMgaifon; or, if slide sleswB eve sea ntned , the beat secticai. ie found by dtaadWI 
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tai\B(^ts to ft hftU.cirOlft hftving ft radius equal to tlie d4pth (Fig 32). Other practical 
eoniBderatio&B, however, result in marked variations from these seotioBs in ustial dedgna 
(see later notes). 

ygUned ditches in earth. The cnossmscnoNAi, piiopoitTioini in Fig 32 are not used, 
because they give sections that are too narrow and deep. Such sections are unstaUe; 
they will widen out on the sides and silt up in the center, and are seldom economical to 


WMtri piAmKUmiLpm.4r ji,mintmhr^tr* I * ** , | 
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Tangent 


dig, as scrapers are generally used and a shallow cut is necessary. Deep narrow ditches 
require shoveling. 

Proper proportions are largely a matter of judgment, depending on character of soil and 
mode of excavation. Average U S practice is to make d ■* 0.5 where d ■■ depth, 
ft, and A <>» area, sq ft. This rule gives following depths: 

Area, sq ft. 5 10 25 50 75 100 200 400 

Depth, ft. l.l 1.5 2.5 3.4 4.3 5.0 7.1 10 

These values are exceeded for special conditions, as on steep hill sides where a narrow, 
deep section (with lining for stability if necessary) is often economical in excavation. 
Where water carries much silt the section may be shallower. Usual bii>b slopes are 1 ’• 1, 
1.5 : 1, and 2 : 1. On steep hillsides in firm soil a 1 : 1 slope both for ditch section and 
outer side slope of bank is used. Any section gradually becomes rounded, the lower parts 
of the slopes becoming flatter, the upper parts steeper. For aver loam or gravelly loam, 
ft slope 1.5 : 1 is used; 
for sandy loam, 2 : 1. 

About 1 ft freeboard is 
common for small, and 
ft max of 3 ft for large 
ditches. Safe rule: make 
the freeboard t/g d. Top 
wming of ditch bank may 
be fixed by what is re> 
quired for its use as a ^"*8 Side Slopes for Ditch or Canal 

road (10. to 12 ft); it 

ranges from about 2 ft for small, to a max of 10 ft for large ditches, and is usually about 
equal to depth of water (Fig 33). 

Velocity of water must not be high enough to erode the bottom, thus deepening the 
cut and making it difficult to divert water. But, there should be a certain minimum, to 
prevent deposit of silt and excessive growth of 'water plants. Experience in U S is that a 
veloc over 2 ft per sec will pre'vent deposit, and the following max mean velocities are safe 
against erosion. (Note.—^Bottom veloc is generally about 75% of the mean.) 

Ft per sec Ft per see 

Very light loose sand.1.0 to 1.5 Conglomerate, cemented gravel, 

Average sandy soil.2.0 to 2.5 soft rook. «.0to 8.0 

Average loam or alluvial soil.2.76 to 3.0 Hard rook. 10.0 to 16.0 

Stiff clay or ordinary gravel.4.0 to 6.0 Concrete, water carrying coarse sand 7.0 to 12.0 

Coarse gravel or cobbles.6.0 to 6.0 Concrete, water carrying fine sand. 16.0 to 20.0 

The above figures show that for ditches in earth the usual veloc is 2 to 3 ft pw sec, 
whii^ gimerally requires a slope of 4 to 7 ft per mile. A section may be designed as in the 
examplft4ollowing, and located to ha've the required slope; or, if the slope is fixed and small, 
it 'UUQr bft nec e ssary to line tiie ditch to obtain the required discharge. On the othw band, 
if alaq^glopaia available, the ditch may be excavated at the max desitaide dope, and tiie 
extia liaad iiaod up by constructing cbctb dbopb, commonly designed as water-cushion 
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or bkffle ■pillway«,(Ilg 84). In aome casaa where no supporting ground is avnilnblei ihe 
ditoh mtut be oonstrueted dn the given slope and lined to prevent erosicm. 

~ ' I ' ^ HI I Chdsy formula, with C determined, from 



U 


'Jig 34. Vertioal Drop in a Ditoh 


Manning (or Kutter) formula, is gsxteraUy 
used for ditches arid flumes. Most engineers 
take n 0.026 for aver earth, n actually 
ranges from 0’.02 for firm soil, trimmed 
smooth with a shovel, to 0.03 for rough' 
gravelly surfaces, the aver for most irrigating 
ditches in Western U S being 0.0225. 



A-we-t-m* R«A^+.4tsd) 


Fig 35. Cross-section of a Ditoh 


Example. Design a ditoh in earth to earry 2 600 miner’s inches of water, and compute the 
required ^ope. Assume n •> 0.025 and safe velocity 2.5 ft i>er sec. Discharge is 2 500 + 40.w 
62.5 Cu ft per sec, and required area ■■ 62.5 + 2.5 » 25sqft. Dceirable depth « 0.&y/A ■■ 2.5 ft. 
With 1 : 2 sideslop*^, nrea will bebd + 2 ifi (Fig35), and b =• (25 — 12.5) + 2.5 w 5 ft. Hydraulio 
radius E ^ A + (b ! 4.48 d) » 25 -f* 10.2 • 1.54 ft. Using the diagram (Art 11, Fig 10), the 
required slope is found to be 1.0 ft per 1 000 ft. 

The center line of the ditch should be so located that the cut will make the required fill plus the 

ehrinkage, except where it is advisable 
to keep the water section entirely in cut 
because of danger from breaks. Breaks 
are especially to be feared on steep hill¬ 
sides, even when the sod under the fill is 
furrowed with a plow to give a good 
bond betv.'een the fill and original groimd 
surface. 

For level cuttings with 2 banks the 
eoonomie cut x is computed to balanoe 
the section (Fig 36a). For side-hill work, 
1 bank only is generally required, and 
the “pivot-point” method of locating 
the center line is used (Fig 365). The 
section ABCDEF being designed, a horis 
line LP is drawn through the section, 
BO that out LBCN makes the fill NDEP 
plus shrinkage (usually 10%). Line LP ie then divided into 2 parts by poin t M, equal if no allow¬ 
ance is made for shrinkage, or for 10% shrinkage such that LM : MP y/lW : ■y/OO. if ia the 
pivot pmnt, and for any slope as AF drawn through N the out will balanoe the filL if must thus 
be located on the ground as a point on a grade contour x ft above the bottom of the ditoh, and 
center line will be a distance y up hill from Af; x and y are independent of slope of side hill, and 
remain the same for any given eross-eee. 



17. LOSSES IN DITCHES AND CANALS, DITCH STRUCTURES, 

FLUMES 


Seepage louee often amount to 25% or more of the water delivered at the upper end 
of a ditch, and must be allowed for in computing the (»,rrying capacity. The lose depehde 
on tiie character of the material in which the ditch ia excavat^, whether it ie or ig not 
lined, on the relation of the water level in the ditch to the water level of the adjaoMit 
ground, and on the age of the ditch. If the ditch is below groundwater level, there will be 
inflow from the adjoining land and vice versa. In many cases the ditch ia above ground¬ 
water influence, and the seepage loss in cu ft may be computed from the following table 
(Etcheverry); Loss^ ^ H 


Material 


Loss, eu ft 
per 24 hr, 
per sq ft wetted 
jierimetw 


Matwial 


per 24 hri 
per sq ft wa^ftpi. 


rvimiB elay loam. 0.25-0.35 

ry olay loam, silt, or lava 

(feaiB...0.50-0.76 

day loam, .aaady day 
/team or sjsm en tad gravel.0.75-1.00 


Sandy loam..... 

Loeae sandb^ adls. 

QrpyeUy sand^ soils.... 
Poroia gravelly aofls.... 
Vxey gravdly sella 


1.00-1.90 

UUHUTfi 

2.00-2,00 

2.50-8.00 

s.oo-«.oe 
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Ditcb liaiagf are to prevent exoeaaive seepage Ioms, or to pertoit liigher vdoo than is 
peiiDi8aible.in earthy soils. Higher veloo is advisaUe in some cases for economy, the eross- 
seo ^!nd seepage loss bdng smaiier; and also in oases where topography is such that sup¬ 
porting. ground is not available for a combination of euth dit^ and vertical drops or 
Uhutes to iise up excessive head. 


^Topof Bnk 


,VU. rip* 


tttimwMtOa 
V SHk t 


Details. About 3 gal heated heavy asphalt road oil per eq yd, applied in 2 or 3 light doses and 
raked into the upper 2 or 3 in of the soil, will reduce seepage loss to about 40% of value for untreated. 
„It also prevents growth of vegetation 

and allows increase in veloo to about •-L 

6 ft per see, but is not permanent, re- tC zijj-ii m ***t 

quiring renewal every 2 to 4 years. Clat i i _ , _ . auk t 

puoou, consisting of a 3 to 4-in layer wsms 

of well-tamped day, is as effective 8iop«-iiop»oii»iid» 7 

stopinng seepage as oiling, but does not — 

allow any hi^er veloo or prevent growth [[.* ~ 

of vegetation. Wood planking, nailed tC* II r l 

to sills set in sides and bottom of ditch "'-"I - . ' * ** ^ * 1 

is dfective, but due to high cost and Jis'toS' | 

-short life is sddom as economical ^ j 

cement or concrete. mobtab b, au 

lining, 1 cement to 4 sand, I in thick, SECTION 

wUl prevent 76% of the seepage. Cok- _ , _. ^ 

CKOTB lining, 1 : 2 : 4, 2 to 4 in thick. ^7. Turnout from Ditch 

will stop 95% of the loss. The concrete 

is placed with or without forms. On slopes of 1 to 1 or less, no forms are used, the lining being 
placed like cement sidewalks, grooved every 8 or 12 ft to reduce width of contraction joints by 
making them form at frequent intervals. For steeper side slopes heavier side linings are required 
and forms are used. Instead of trimming the bank to correct slope, it is best to use an outside 
form, suing in with wetted earth up to this form, and using an inner form for the concrete. A solid 
foundation is important, ss the concrete has little strength and will crack if foundation settles or 
pockets are washed out under it. Proper drainage is essential to keep material compact and dry, 
and prevent heaving due to frost. 

Ditch structures. Tubnoutb are to distribute water from main ditch to laterals. For small 


SECTION 'Cy^ 

Fig 37. Turnout from Ditch 


ditches, a wooden box will answer; for larger, where repairs would be costly, a permanent vitrified 
or cement pipe culvert is desirable (Fig 37). Connections of siphons, culverts, flumes and turnouts, 

to an earth ditch must be carefully made. 


\(x i ftuten Wowing Joints rspBae 


to prevent leakage at these points, with 
danger of washout. Ckbckb are to hold 
flow-back, so as to supply a turnout 



ilg '38. Details of Flume Construction 


with proper amount of water. They are 
sometimes also used as small dbom 
(Fig 34) to decrease the grade. Chutm 
are long, lined sections on a steep grade, 
with a water cushion at the bottom to 
kill high velocity. Wabtbways are over¬ 
flow weirs to carry off flood flows, or 
turnouts to a stream diannel which act 
as blow-ofliB to empty the ditdi. They 
are installed on many long lines. 

Flumes (Fig 38} are used to cron 
valleys, and on hillsides where the 
slopes are too steep or the soil is 
unsuited to an open ditch. The latter 
are called bench flumes. Breadth 
of flume box is generally twice the 
water depth (Art 16). Bench flumes 
are often narrower, and trestle flumes 
wider. Fieeboard (in) may be made 
equal to (depth of water, ft 4- 12) 
-f- 2. Flume lining should be of 


1.5 in, or better 2-in plank. 


Tliere are two forms of. flume box: (a) sills are placed across the stringers, and flooring 
is laid paiAllel to direction of flow, like the fades; (ft) flooring is transverw and nailed to 
stringers. The first is best and ekaiest to keep ti|^t and repair. Foundations and sills are 
of 2 X 12 or 3 X 12-in plank, or concrete posts. Bents are spaced 12 to 18 ft cen-tera, and 
■triagerg are dctagpied to carry the load at a low unit stress. Semi-circular continuous 
^ffoodketavu pipe has also been used for flumes; now often replaced by semi-circular stsd 
flumia. 4iSfiirranal patented fonns, made in Denver and San Frandsco, are moderate in ooet, 
•aiUy aiMl quickly ounstiwotedt and watertight. 
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HYDRAULIC MEASUREMEin'S 

18. MEASOSEMERT OF WATER LEVEL 

noa*Tecording hutnimente. ffimplefit is a graduated oaod eoabd, or piece of an old rodf 
fastened to side of tank or reservoir, and read where water level outs the rod’. It can be read to 



Fig 39. Gage Board 





Fig 49. Raeordiag Gags 


0.005 to 0.01 ft. If the a'ater aurfaoe is rough, a STn:,c, 
WELL (a box open at the top and with a submerged 
opening in side) may be used and the gage placed in it. 
Fig 39 shows a variation from the ordinary form of gage 
board, the sloping lines allowing a more accurate esti¬ 
mate of water level. This design may be scratched with 
a nail on the side of a concrete tank before the concrete 
is fully set, or made by saw-cuts 1/8 in deep on a board. 
Fig 40 shows a more accurate instrument, a float 
QAGE consisting of a fixed scale and a pmnter attaohiMl 
to a vert rod on a float. As the resding is made on 
the rod, this gage is convenient where the water surface 
is hard to reach. If a leveling rod is used for the scale, 
and a target vernier attached to the float rod, readings 
may be made to 0.001 or 0.002 ft. Fig 41 shows a 
float gage for a tank. By the soog gaob g slewed 


Itccoi'ding 

pressure 

gage 



Pnennuitte 
pipe 
AVatcr icTel 


U ^^ubniented 


(Uaphnwitt 
“ box 


iifinrjr 

iiimnii! 


Fig 43^ Bristol BMonUng (Sa|w 
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<AMnrar ou dfltaet variations in water level ot 0.0002 or 0.0003 ft. But euoh amuraey is ssMou 
needed etoept in labolratory experimental work. 

Raeocdlnc iMes. Fig 42 ekowe a simple form, which can be made by a good mechanic. Tbs 
clockwork oonsists of an S^ay rioek, with gearing to produce a revolution of the drum in any desired 
time. For recording weir flow, the vertical scale on the drum may be graduated to read discharge 
directly (Fig X5). Similar instruments, costing $73 to $130, are made by Hydro M'f'g Co, 
Phila, Pa; J. Fries, Baltimore, Md, and others. Fig 43 shows another recording gage. A drum a, 
containing a rubber diaphragm, is submerged in the water. Variation in water ievel cauaes'varia- 
tion in pressure of air in the drum, which is communicated by tube b to the reoordiag gage e. This 
gage is not interfered writh by floating matter in the water, nor by ice, and is said to show variations 
in level of Vs in (Bristol Co, Watorbtiry, Conn). 


19. MEASUREMENT OF HEAD OR PRESSURE 

Moderate water press in tanks or pipes is generally measured by pressure tube or 
pibzomktbb; higher press, by hydraulic gage, similar to Bourdon steam gage. 

For head of a few ft a water tubs is convenient, consisting of a rubber tube attached 
to an opening in the pipe or tank, and haAdng a glass tube at its upper end. The tube is 
raised or lowered until the water level shows in the glass tube, and the distance of this level 
above the datum (as center of pipe or bottom of tank) gives the head. The opening in 
the pipe should be on a straight length of pipe, at right angles to its axis, and should have 
a sharp inner edge. The mercury piezometer (Fig 44) measures heads as high as 40 to 
60 ft, Hg having a sp gr of 13.6. Distance z between Hg levels in the U tube, as read on 
the scale, is roughly I /13 the actual head. True head equals (z X sp gr of Hg) + x. 





Hydraulic gages measure pressures up to 1 000 lb per sq in or 2 300 ft. For measuring 
niPTBRENCBa IN PRBBBURB (if the press is very high) 2 gages are used; for very small 
differences, an oil manometer (Fig 45) {Trana A 8 C E, Vol 47, p 72) is used. 

Kerosene oil is good. Its sp gr (which must be determined) is about 0.79. Hence the scale 
reading will be greater than the difference in head, which is independent of height of 0 point of the 
above datum, and equals z X (1 — sp gr of the oil). There may be trouble in obtaining good 
readings at the junction of water and oil, due to oil adhering to sides of tube. The water or air 
Mamoubter, made by tube similar to that of Fig 45, can be used for small differences in head. 
Air must be pumped into the tube if the press is high. The reading is the true difference in head. 
Two open tubes could be used if total press is small. 

Mcrcoty manometer (Fig 46} is probably the best device for work of this kind. The 
true difference in head = z X (sp gr of mercury — 1). 

In all tbftsa devices the length of tubes and the quantities of liquid used must be varied 
to suit the difference in head to be measured. 

. 20. MEASUREMENT OF VELOCITY AND DISCHARGE 

Fcr ama^U qwmtities it is best to'allow the dischu-ge for a given time to col* 

leet Ilk t'^wnk, yrbere it may be measured or weighed. When this can not be done, or a 
pe^amutt deviM is reiHiired, one of the following methods must be used. Sometimes 
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drop in hydraulic (radient can be meacured, and diaoharga wHaputed as in Art 11, but aoeli 
rsiults are liatde to error due to uncertainty in value of the ooeft. 

Meaiareaieiits in preMure pipes. There are 3 methods. For measuring water suppt/ 
in 0.73 to 2 -in pipes, disk or amo wArasMBTEBB are to be had in many patterns. 



Fig 47. Diak Water Meter 


Fotmula for discharge is based on 


The meter oontaii» a wabbling diak ac ring, ao 
arranged that its motion is oommunioated to a pin 
which in turn works a train of dock wheela, the 
quantity passing being registered on a dial (Fig 4^. 
This meter is “inferential,” and must be rat^ to 
determine the discharge. Piston and other forme 
of meter are also used. All give reasonably ao- 
curate registration for very slow flows (within say 
10% for 10 gal per hr), but their rating varies with 
age and condition of meter and quality of water. 

Venturi meter is standard for permanent 
installations on pipes 3 or 4-in diam and over. 
They have been placed on the CatskiU aque¬ 
duct for New York's water supply, pipe, diam 
being about 14 ft. The meter consists simply, 
of a gradual reduction in size of pipe to a 
throat 1/2 to 1/3 that of the pipe diam, and, a 
gradual expansion back to normal size (Fig 48). 
There is no obstruction to the flow of the 
water, and no moving parts, 
he proposition that hi H- Ci* + 2g ■■ hz + Vt* 


4* 2 g, and that q « (xizi « atvg. This gives g « C 


OiOj 


v; 


Ol* — o** 


“^2 g (hi — hi), where ai 


and at ~ areas and hi and hs pressure heads at the pipe and throat; g ' acceleration 
of gravity and C is a coefficient to 
allow for friction losses (usually 
taken at 0.99). A manometer is 
guierally used to measure (hi — hi ), 
and for uiy meter the formula 
reduces to g « c Vi, where z is 
the difference in manometer read¬ 
ings. (This meter is made by OutM 

Builders Iron Foundry, Provi¬ 
dence, R I, who also make devices 
for recording total quantity and 
rate of flow.) For rough estimates 
of flow in a pipe, sawdust may be 
introduced at upper end and time 
noted for passage through pipe. 

Htot tube (1760) has been used in recent years. Fig 49 shows its principle. The 
current of water acting on the end of the curved tube causes the head in tube A to be 
greater thah that in tube B, B measures pressure head only, and considering tube A. 




Fig 4il'. Pitot Fig 50. Pitot 
Tube ’•XDizgTam) Tube 



CrouSec 



Vdocltg, ft perc 
LoBgkadlwl See 


Fig 51. Diagram ot Kpe Velooities 


to reoqnl velocity-head only, and the difference in levels equal to then e •» w V2 gA 
iie^tiieoreticaUy * 1. If the action of the current scainst the tube is 

then m •», 0.7. It has been shown also that, whtfi pla^ so as to b« fubject 
’c of different veloeitiee, tiie head is not tiiat due to their meaA, but to tw 
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of €he£r iquarM. For high velocities, ss m noules, m may be taken as 1 with quite accurate 
results. For pipes, in whidi velocities are low and vary asin Fig 51, the value of m is less, 
and for accuracy must be determined by ratings in a pipe of same diam. 

Hm instruiaent is made by the Pitometw Co, N Y, who alao make a reootdins devioo. The 
mual form of Pitc^ tube (Fig SO) oan be inserted in a bole tapped in a pipe, and a series of read¬ 
ings at different points in the diameter taken, from which the pip* coxfp (Fig SI) is obtained. 
Knowing this, future measurements are mads only at the center, center velocity being reduced tO’ 
' the mean by using the ooefl. The makers advise using m — 0.84. 


„ , .. 0.202 

Mean velocity - 

1.07 ft per sec. 


Pipe ooeff 


mean vdoo 
center veioo 


1.07 

2.24 


87.5%. 


Determinations of Pipe Coeff from Fig SI 


Ring 

Area 

Aver veloc 

Discharge 

A 

0.502 

1.57 

0.766 

B 

0.673 

1.87 

1.632 

C 

0.698 

2.05 

1.431 

D 

0.720 

2.13 

1.570 

L 

0 349 

2 24 

0.731 

Totals 

3 142 


6.202 


Measuring flow in open channels. The most accurate device is the weir (Art 10). 

. Re l ia ble data for weirs are available for a discharge up to about 200 ou ft per sec. For 

greater discharges, this value, which is usually higher 
than the limit of economy foi- the construction of 
weirs, or where weirs are not warranted or possible, 
floats and the current meter are used. For floats a 
straight, uniform section of the stream, at least 100 ft 





1 V 1 
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IN VERTICAL 
PLANE 


INHORIZ PLANE 

Fig 53. Velocities in Cross-section of a Stream 


lon g and on an even grade, should be selected. Soundings are then taken, the stream 
baing divided into “lanes” like those in Fig 62. If surface floats are used (sm^l chips of 
wood), a large number are allowed to pass down each “lane,” and the aver time noted 
is the surface velocity of each course. 

Fig 63 shows variation in velocity in a vertical section. To obtain 
the mean, the surface velocity must be multiplied by 0.79 to 0.95, 
varying vdth roughness of bed and averaging 0.86. Total discharge is 
found by multiplying the eross-eectional aver area of each lane by the 
mean vdoo, and adding the results for all the lanes. Wind affects 
surface floats, and shallow areas of dead water on the sides must be 
dimiaated. A rough estimate of discharge oan be made, with an un- 
eertainty usually less than 20%, by timing floats down the center of a 
chaand, thus obtaining the max surface vdoc. Mean veloc in entire 
cross-sec is between 0.70 and 0.85 of this; aver, 0.8. 

Sabmergad float* (Fig 64) are used for deeper streams, and in study¬ 
ing tidal and other currents. By submerging the lower weighted float to 
a depth of about O.fl (0.58 to 0.71) that of the vert section down which it 
floats, the mMH vdoo in the vert is obtained. 

^ floaU are hollow cylinders of tin, wdghted by pebbles or shot so 
Si to#tluai(L vttticftUyf ftfid rafttahing ngarly to the b ottotti of the channela 
Frasds gives Fm - 7r,(1.012 - 0.116 y/d’ -p <0 . where V„ - mcM 
vaioffin the ohmiiid doro which the rod floats with a vdoo Fr, « “ 
de|atii''ofeetreua, and d' deptii bdow bottom of rod, d should not 
Twwvd 0.25 d. In practioeit is diffiedt to use rod floats, as they require a 
not cmanfonly oocurring exowt in oanals and flumes. 



Qalv 1am 
lips (PCrff^ 


Ftg 54. Submurged 
Float 

very uniform ohanad* 
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Currant mater ia auooaaafuUy uaed for'xnaasuring valoo and disobarge in open ehannela 
and large i»pea. It has 3 or more vanea mounted on a apindle, ao arranged aa to atand 
alwaya normid to direction of current, the preaa of which cauaea the vanea to revolve. 
The number of revolutions in a given time ia recorded by an electric or mechanical counter, 
wd is approx proportional to the current veloo. 

The meter ia first rated by moving it through atill water at known velocities and noting 
the revolutions. If it is then submerged, by suspending it from a rod or rope, the revolu- 
tiona can be counted and the velocity obtained from the rating chart. Usually the meter 
ia held at a depth of 0.6 that of the water, for finding mean veioc. It has been largely 
used by the U S Geol Surv, for obtaining curves diowing the discharge of a stream at 
different elevations (stages) of water surface. Observers then note daily the water level, 
and from the curves the flow is found. Two types of meter are in common use, the Price 
and &e Fteley; the fiiat for deep, rapid streams, latter for fallow, slow streams (See 

"Use and Care of the Current Meter," 
Trana Am Soo C £, Vol 16, p 68). 

Miner’s Inch, as used in western U S, 
is the quantity of water which will flow 
in 1 min from a standard vert orifice, 
1 in sq, under a head at its center of 
6.5 in. This would equal 1.53 cu ft, but 
actual value varies in different districts. 
In Cal and Mont, it is established by 
law that 40 miner’s inches » 1 cu ft per 
sec; in Col, 38.4, and in Aria, Idaho, 
Nev, and Utah, 50 is accepted by com* 
mon agreement. 

Fig .'iS shows Foote's weir gage, one of 
the simpler devices for diverting a certain 
number of miner’s inches from a canal in 
which flow varies. With a long weir a con¬ 
siderable in crease in flow in canal is necessary 
before the head on weir is much increased. 
Other devices, with float and special valves, 
are also used to maintain constant head. 

Module ia an orifice used in selling water, 
which under constant bead is to supply a 
certain number of miner’s inches. In Fig 56, the length of opening, in, » number of miner’s inches, 
head is oonstant. Aa it is diflScult to maintain constant head, this unit is going out of use. 



WATER SUPPLY 


21. ESTIMATES FOR WATER SUPPLY 

ConBumption is stated in gal per capita per day. While many data are available 
respecting requirements for small towns and cities, showing variation from 30 or 40 to 
100 or more gcd per capita aver daily consumption, it is only recently that the subject 
has received much attention in mining communities; the scanty information existing is 
often unsatisfactory, as such towns have been compelled to use what has been available 
rather than the quantity desirable. Frequently the supply for mills and power plants 
is the principal requirement. 

Source of supply. Having estimated the quantity required, with allowance for future 
increase of population, a source of supply is sought and developed; either undwground 
water or streame. The quantity available from underground water, obtained by weUs or 
infiltration galleries, can seldom be estimated except by performance of wells driven to the 
same strata. To make sure that a spring or stream will give sufficient supply, measure* 
ments its flow covering a number of years are necessary. In case of streams, which 
usually have large variation in flow, a reservoir may be possible, to store up the flood ftiwfl 
to supplement tte naturid flow during dry seasons (Art 22). 

If^ pipe lines are designed to allow for variations in oonsumptipn, unless the wnter 
goes to a small distributing reservoir, having a eapao sufficient to equalise variations. 
The mato'lifpe may then be designed to furnish watm' to the reservmr at 'the aver ^kily 
rate.* pat domeetic conaumpticm, max daily rate is about 150% of the daily nvni^; unx 
260% of daily aver. 



RAlTSYAIiL, e?rBEAM TliOW, ATSD BTORAOB 3d-^33» 

A 

The siiEe is usually determined by fire service reQuirements. If 
the system is to be used fcv fire service without engines, a press of about 30 lb per sq in' 
(70 ft, he^} is required at hydrants, and for an ad^uate stream 150-2S0 ga) per min 
should be supplied. It shoyld be possible to concentrate 2 or 3 streams at aay one point 
without using hose over 400-600 ft long; these requirements fix the locadon of outlets 
and allowable loss of houl in the pipes, and hence determine their sixe. 


22. RAINFALL, STREAM FLOW, AND STORAGE 



Water falling as rain passes off as surface flow into streams and rivers, is evaporated 
directly by the sun from the land surface, is taken up by plants and vegetation, or sinks 
into the ground forming ground storage, some of which finds its way undeitpround to the 
streams and furnishes their main supply, except during and just after storms. Thus, 
stream flow will vary in both total amount and distribution throughout the year on tw'o 
watenheds having exactly the same 
rainfall, but different slopes, amounts 
of vegetation, depth, and character of 
soil cover. Hence, for accurate esti¬ 
mates, data on flow of the stream in 
question are necessary; sometimes ob¬ 
tainable from publications of U S Geol 
Surv, state, city, and private reports, 
but often entirely lacking. It may then 
be possible to secure data from a similar 
watershed, bearing in mind what points 
■ constitute similarity, or it may be neces¬ 
sary to make a rough estimate from 
measurements of the slope and cross-sec 
of the stream, at its known low-water 
mark, applying the formulas of Art 12. 

A hydrograph, like that in Pig 56, gives a complete record of stream flow, and may be 
used for all kinds of estimates. 

For example, since a dam spillway should be designed to pass safely the flood flow shown at F, 
the stream records should be searched for the greatest flood, and an estimate made from high-water 
marks of the stream. The vert seale in Fig 56 is ou ft per sec per sq mile, which, multiplied by the 
area of the drainage basin gives the total flow. Area of the basin is obtained by drawing a divide 
line on a topographic map, enclosing the area within which all rain falling (and not lost by evapora¬ 
tion and seepage) would ^ain off to the stream in question. This area may then be taken off with a 
planimeter. If no storage is available, tbc only flow to be counted on 'aould be the minimum 
shown in the hydrograph, namely, about 0.3 cu ft per sec per sq mile, vthirli occurs in Deo. In 
order that the plant depending on this flow may never fail, the hydrograph used must be that for 
the year of lowest flow. 

If storage is available, the problem is as follows. The area under thr. hydrograph represents 
total flow for the year in cu ft, or the area A of 1 square represents 2 502 000 cu ft, which, divided 
by 43 560 = 5.95 acre ft, or a vol of 1 cu ft per sec flowing for 1 month. For a flow of 1 ou ft per 
seo per sq mile, the required storage will be the shaded aieas B and f ', mimrs the small bit between 
them, where the hydrograph line rises above the l-sec-ft line. Tliis area can be taken off by 
planimeter and changed to eu ft, giving the required storage. This storage i.s filled up by the flow 
corresponding to D in the previous year, and will again l>e drawn down at F, although at F a smaller 
Quantity is required than at B and C. If the storage is known from a contour map of the reservoir 
sito And AssuBned height of dAm* And it is reQuired to find the avAiInble flow', the probleni is reversed 
and the line corresponding to the l-sec-ft line is found by tri.il so as to enclose an area ^ual to the 
liven storage. The hydrograph shows that the distribution of flow throughout tbe^ear is important. 
Steeams fed by melting snow in mountainous regions show a much steadier flow than in some south- 
weetern rivers, which have little or no steady flow, and are subject to violent and erratic floo^ 
by cloudburste. In the former case, a diversion dam may suffice, or a small storage may h9 
needed: in the latter, a diversion dam must be built, and the flood flows diverted to a reservoir 
or having a unpac sufficient to furnish the required supply for some months. 

< , * 

IivcannecUon with storage reservoirs note that, as evaporation lo^s.in arid regioiw 
uw large, it may be necessary to aUow for 2 or 3 ft or more depth over the entire ri^rvoir 
for thi^w. Seepage losses also are sometimes high, especially <?unng the first 2 or S^yeam 
after eompleting a reservoir. The total losses often amount to 26% of the influmit, and 
ufider be^ cw^tioas are seldom less than 10%. 
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ENGINEERING THERMODYNAMICS 


Lttiodtictioa. The term thermodynamics hoe here been extended to include not only put of the 
theory of the eubjeet, but also formulas and numerical data on sir compression, steam, sir end 
inteM^-eombi stion engines, fluid flow, combustion and related reactions. This section, therefore, is 
one of hngineertng, rather than of pure thermodynamics. In it reference is frequently made to Prof 
C. B. Lucke’s work on Engineering Thermodynamics (1). Methods of computing engine power, 
steam and fud consumption, power to compress air and similar problems ore given in Art 3, 4, 6, 
leaving to Sec 40 the subjects of mechanical construction, sixes, coats and actual test performance 
data of engines. Tables of physical and chemical constants frequently used in engineering oomputi^ 
tions ore included in their respective articles. ' 


1. WOKK AND POWER 


Work in termg of preasure and ▼olome. Work is expressed as the product of force 
and distance; for the units of work see Sec 36, on Mechanics. Since pressure is force per 
unit area, following equations show that work is also the product of press and vol; 


PA F, hence W ■■ PAL; but AL « V, whence W »• PV, 



where P « press per unit area, A » area on which press acts, F ^ 
force acting, W » work, L distance, ft, and V ■> volume swept 
through while pressure is acting. The result is in ft-lb, if press 
is in lb per sq ft abs and vol is m cu ft. 

Graphical representation of work. In Fig 1, the coordinates 
are press in lb per sq ft abs and vol in cu ft. Area daim ting work 
done during any process is that under the curve, as AB, down to 
line of sero press; thus the work done during the voliune cimn ga 
A to B is the area ABCD. 

Work of expansion or compression alone. When a gas 
changes in volume, work is done irrespective of a change in press; 
without change in volume, no work is done. 

For constant press, W P(F| — Fa) (1) 

variable press, W T PdV (2) 


The general expansion law for all gases is PV - K (constant). When integrated, eqaa> 
tion (2) assumes 2 forms, one when value of « in the general law is unity, Ihe other when s 
has a value other than unity. Results of integration are given below in several con¬ 
venient forms, in which Pi is the greatest press end P* the least, Vi being the least vol gnd 
Yt the greatest. 

For special cases a has definite values for every gas. The most important Ae s e is 
isothermal expansion or com- 
pregaon, in which the temp is 
constant during expansion or 
compression, and « 1 for all 

gases. Another important case 
is adigbatio compression or ex¬ 
pulsion, in which no heat is 
given to or removed from the 
gaa during the process, and a 
equals gpedfio heat at constant 
pieas lUvided by the specific 
heat at constant vol. Table 1 
gives sonae adiabatic values of 
0 , lying between 1 and 1.5. 


•» 1 

« not equal to 1 

W - PiVi Nap log 

Ft 

s — ll 

r- S-l-l 

<8) 

- PiFiNaplog^ 
r J 

- 

S - li 

:‘-(fr3 

(4) 

- PiriNaplog|i 

. 

s - 11 

.(»)■-*] 

(»> 

- PjFiNaplog^ 

_ PiF» 

• - XI 


<«) 


YMpam may be assumed to b^ve os gases only when considerably sujwrheatod; whm near 
tluir saturation point, t is votioble, and wenk dStormination by,this method is inexoet. Wheastsam 
sapoads, so that it is Just dry w followi tbs saturation law, a m 1.0640. For ordiuaty —pawiSny of 

swasyUndartiwevscagevalueoCsisl, buttheexpaj^oaiaaotisothinnML • 
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WORK AND POWER 


T«Ue 1 . JUUabfttic ValiMt of **•» 


. Subatonce 

« 

Authority 

Substance 

t 

Authority 

Air... 

1.4066 

Smithaonian 

Nitrogen.... 

1.41 

Casin 



Tables 

Nitrous oxide 

1.291 

Wullnsr 

Ammonia, wet. 

l.l 

) Average 

Pintsoh gas. 

1.24 

PinteohCo 

Ammonia, superheated 

1.3 

) pruotioe 

Sulpb dioxide 

1.26 

CasiB 

Carbpn dioxide. 

1.3 

Rfintgen 

Steam, super- 

1.3 

Bmitiheonian 

Carbon monoxide. 

1.403 

WuIIner 

heated... 


Tables 

Carbon disulphide. 

1.2 

Beyne 

Steam, wet.. 

I.IM 

Rankiae 

■Hydrogen. 

1.41 

Caxin 

Steam, wet . 

1-1-0.0141 X% 

Psity 

*' sulphide. 

1.276 

MUlrr 

Steam, wet. 

1.035 ■+0.01 / moiat 

Cray 

Methane. 

1 316 

M&ller 





For ftdiabatio expansion or compression the work done is given by Eq 7, as well as fay 
Eq 3 to 6. 

. W - JCviTt — Ti)w (1) 

where J — Joule's equivalent ■« 778 approx; T® «» sp heat at constant vol, Ti and 
Tt *• abe temp before and after compression, and w » weight of gas. The heat added 
to or removed from a gas during expansion or compression is given by Eq 8. 

® “ 7 ^ (t? “ 0 

where Q » heat, Cp and » spcci&o heats at constant press and constant vol, J « 
Joule’s equivalent, W * work, and a exponent of V in PV* — K. For the isothermal 
case, Q ■> J, heat and work being equal when expressed in same units, sinoe s 1. 
For the adiabatic case, Q * 0, since s = Cp t- C^. 

Example 1. 5 cu ft of air expanded to vol of 25 cu ft. If expansion occurs (a) at constant _ 
and (6) ao that < ■> 1.4, what will be the work done, the original press being 100 lb per sq in abaf 

(o) F - 144 X 100(25 - 6) (b) W - 

tt 288 000 ft-lb tt gg 500 ft~lb 

Bxample 2. How much heat is added during the expansion of Example 1, 'uod how much if 
s tt 1 and 1.27 

For constant press, s tt 0, since if a > o, PF* ^ X beeomee P ^K; hence for first ease from Eq 8, 

0.24 


288 000 


0.17 


778 


0.24 

0.17 


- 1 270 B t u 


For s - 1.4, Q “ 
For a - 1.2, 0 - 


0 

0.5 IF 
778 


Pora-1, Qttili>Li22J!LlNapiog5_j^^ 

778 


, and from Eq 4, IF 


or 


W tt 100800 and Q 


14 400 X 5 
0.2 
64.3 


[‘-( 1 )”] 


Work of eompleto cycles. Expansion or compression of gases rarely occurs alone, but 
in with other processes, as admission of gas to a cylinder or its delivery from 

one. A single process, as expansion, is a phase; 
several phases forming a complete operation constitute 
a cycle, net work of a cycle being the algebraic sum 
of the work of each phase. The sign of the work of a 
particular phase is determined by whether the work is 
done on the gas or by it; it is immaterial which is 
considered positive or negative, provided the designa¬ 
tion is ooDsistent throughout the cycle. 



Complete Work Cycle, 
P-VIloordiaates 


7 

to 


‘ Thus, consider the cyde ABCD (Fig 2) composed (rf: 
adikhatie compreesion AB, constant press vol increase BC, Kg 2 . 

6ZpAnsioii CD anil constant prats Vt4 daertatt DA» 

Sttdi a cyde. considered in the order named, wrests sa ^ 

gagiffO WM or, in revecae c^er, a oompreesw osee- work will be irije + wg* 

« - 2>HaA - ABPa. Value for each Me n«y ^ foundjtom^ 1 

^hTSMe ^ Vint sm ABOT. m 

^ho wkrk 81 eomd in either esee, bot the efgn lor the smwe »• opposite to that of las 

irtrunprmrT. einoo Iho work is done by the gta in one ooao and on it ia the othm. 
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engine:ebiKq thermodykamics 


Baunplt t. Coflatdcr tb* preMivw in 2 to b« 10 uid 100 lb pw aq in aba, aad tba toI at il 
and C to jte 9 aad 8 ea ft raapaetlTcly. Find nat vork ddna, if • 1.48. 

Wab by Bq 8 - [10«»-» •- 1| ■ 10 gOOftdb 

U*4o 

or m F»-lcttft 

ITto by Eq 1 - 144 X 100 X (8 - 1) - lOOSOOfUb 

PeF#!-* - PrfFrf> « « Frf - Fc(10)i>-» or F^-dOauft 

IFmI by Eq 6 - OOOft-lb 

Woa by Eq 1 - 144 X 10 X (40 - 5) - 50 400 
hanoe, nat work - - 16 800 + 100 800 + 134 00050 400 - 167 000 ft*lb 

Mata aflectiya praaaara (m a p) ia that preaa whidx, if acting for one atooke, would 
give the same work aa actually accomplished during the entire cycle irrespective of number 
of strokes of the cycle. If the area under curve BCV of Fig 2 be divided by the length pf 
diagram, the result will be the mean height or press for that portion of the cycle, and t^ 
mean press for the remaining portion may be similarly obtained. The former quantity 
is termed the mean forward press, as it occurs during the forward stroke of the machine, 
the latter the mean back press. The difference between them is the mean effective press 
(m e p), which may be obtained algebraically in a similar manner to the work, os experi- 
mmtolly by indicator. 

Indicated horsepower (I H P) is the power developed in the cylinder of a machine, 
an4 ia ao named since it is usually obtained by the indicator. Numerically it is equal to 
^ e p) Lan + 33 000, where (m e p) is the mean effective press in lb per sq in, L is length 


Table S. Engine Horsepower Constants 


Dism 


Speed of juton, ft per min 


of eyl« 
in 

100 

200 

300 

400 

500 

600 

700 

800 

900 

8 

0.1523 

0.3046 

0.4570 

0.6093 

0.7616 

0.9139 

1.0662 

1.2186 

1.3709 

6 Vs 

0.1720 

0.3439 

0.5159 

0.6878 

0.8598 

1.0317 

1 2037 

1.3756 

1.5476 

9 

0.1928 

0.3856 

0.5783 

0.7711 

0.9639 

1.1567 

1.3495 

1.5422 

1.7350 

9 Vs 

0.2140 

0.4296 

0.6444 

0.8592 

1.0740 

1.2888 

1.5036 

1.7184 

1.9532 

10 

0.2300 

0.4760 

0.7140 

0.9520 

1.1900 

1.4280 

1 6660 

1.9040 

2.1420 

II 

0.2880 

0.5760 

0.8639 

I.I5I9 

1.4399 

1.7279 

2.0159 

2.3038 

2.5818 

12 

0.3427 

0.6854 

1.0282 

1.3709 

1.7136 

2.0563 

2.3990 

2.7418 

3.0845 

13 

0.4022 

0.8044 

1.2067 

1.6009 

2.0III 

2.4133 

2.8155 

3.2178 

3.6200 

14 

0.46o5 

0.9330 

1.3994 

1.8659 

2.3324 

2 7989 

3.2654 

3.7318 

4.1983 

IS 

0.5355 

1.0710 

1.6065 

2.1420 

2.6775 

3.2130 

3.7485 

4.2840 

4.8195 

16 

0.6093 

1.2186 

1.8278 

2.4371 

3.0464 

3.6557 

4.2650 

4.8742 

5.4833 

17 

0.6678 

1.2756 

1.9635 

2.6513 

3.3391 

4.0269 

4.6147 

5.4026 

6.1904 

IS 

0.7711 

1.5422 

2.3134 

3.0845 

3.0556 

4.6267 

5.3978 

6.1690 

6.9401 

19 

0.0592 

1.7184 

2.5775 

3.4367 

4.2959 

5.1551 

6.0143 

6.8734 

7.7326 

20 

0.9520 

1.9040 

2.8560 

3.8080 

4.7600 

5.7120 

6 6440 

7.6160 

8.5680 

21 

1.0496 

2.0992 

3.1488 

4.1983 

5.2479 

6.2975 

7.3471 

8.3966 

9.4462 

22 

I.ISI9 

2.3038 

3.4558 

4.6077 

5.7596 

6.9115 

8.0634 

9.2154 

10.367 

23 

1.2590 

2.5180 

5.7771 

5.0361 

6.2951 

7.5541 

8.8131 

10.072 

11.331 

24 

1,3709 

2.7418 

4.1126 

5.4835 

6.8544 

8.2253 

9.5962 

10.967 

12.331 

29 

1.4875 

2.9750 

4.4625 

5.9500 

7.4375 

8.9250 

10.413 

11.900 

13.388 

26 

1.6089 

3.2178 

4.8266 

6.4355 

8.0444 

9.6534 

11.262 

12.871 

14.480 

27 

1.7350 

3.4700 

5.2051 

O.940I 

8.6751 

10.410 

12.145 

13.880 

IS.613 

28 

1.0659 

3.7318 

5.5978 

7.4637 

9.3296 

11.196 

13.061 

14.927 

lii.793 

29 

2.0016 

4.0032 

O.0047 

8.0063 

10 008 

12.009 

14.011 

16.013 

18.014 

30 

2.1420 

4.2840 

6.4260 

8.5680 

10 710 

12 852 

14.994 

17.136 

19.278 


d Stroke, ft, a is the net area of piston, sq in, and n the number of cycles per min. The 
teem nJL is the piston bpbbd, and Lan + 33 000, the BNoma constant. Horsepower (h p) 
raanlts from mtdtiplying the constant by (m e p). Values for the constant are given in 
ThUe 3 for different aise cylinders and piston speeds. 


nstoa speed is beet obtidaed aa tlw product of number of working eha w be m , lahgtb of stroke and 
lev tter adn, divkisd by number of revolutione to oompleta one esrete. la 3mtroke cycle mmihinea, 
erUA laeiada all stoiup aad sir engines, ooeipiemtee, pampe end toaay oil enginee, no of eydee 

B WeldIdagebMiberaiioofTCv. In »etrohecyeie,gMdidy gee and g w ed e n e enginee, n» of sr«aae) 
thswvolutione. 




FLOW OF OASES AND VAFOBS 
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BnuBfto 4 . What k tlw X B P of • 9 Iqr liMn aini^o-fq^iador, dooUoHMrtinK ongino# mniiini mt 
|KK>rvrporinia, vlieiitlMlBiopitfiOlbperaqiat DUn of ej^dw k alw^rs tibo fin* diamaioa 
Igiyoa whan o a pro wl ng oIm of on ongiiie. In tbk com thore an 2 workioc ohambon, and a oyoto k 
cioaiplatod in 1 nvolatio^; banco iriaton apeed k 400 and oonatant k 1.10, giving 881H P. 

Baunpla 8 . Wbat k tha b p of a fi-oylinder, aingla-acting. initroka eyda gas angina, 9 by 8 in, 
running at 1000 nv per jnin, if the m a p k 80 lb par a<t InT 

Pkton apaed (6 X 0.8 X 1000) 8 «■ 1800; mgina constant * 1 JiO; IH P ■■ 103J2. 

Braka or riuft b p, so eallad bacaun found by a brake, k that actually available at tba abaft or 
bait pulley, and equak tha indicated minus friction b p. Batio of braka to indicated k tba meeboffio 
of tba angina. In a combined maebine, as a diract-connactad air oompraaaor or pump, Um mack ciEe 
k usually taken as the ratio of IH P of tba air or water and to that of tha steam and. But in a pump, 
tha output k sometimes considered as the b p equivalent of Ib of water pumped X bead. 

Thennal efideticy is the ratio of work done in the enj^e cylinder to the work equi¬ 
valent of the heat required to do it. 

Bsample 9 . A pump delivan 1 000 gal of water par min against a net head of 180 lb par aq in. 
Tha IH P of water and k 100 and of steam and 120, and it uses 75 lb steam per min, each lb contain¬ 
ing 1200 heat units. Wbat are the mech and thermal efficsT Considering tha meeb effic to be the 
ratio of wm-k in tha oylindws, there results 100 120 0.833 or 83.3%. Considering the output to 

be tim net wmk of the pump, which k (1 000 X 8.3 X 150 X 2.31) + 33 000 ■■ 87, there resnlte 
87 120 ■■ 0.726 or 72.5%. Work done per min in the steam cylinder k 33 000 X 120, and the 

work equivalent in the ateam k 778 X 76 X 1200; henee thermal effic k 0.050 or 8.9%. 


2. FLOW OF GASES AND VAPORS 


Flow through nozzles and ozifleos, with large pressure drop. When gasee or vapors 
expand in nozsies the expansion occurs so rapidly that there is no time for escape or addi¬ 
tion of heat (although actually a portion of the energy of the jot is turned back into heot 
by fricticsi against the nozzle walls), hence the process is assumed to 
be adiabatio, and the preceding equations apply as well in this case, 
called free expansion, as when the expansion occtirs in a cylinder, 
eaUed balanced expanmon. As the fluid must bo brought to the 
nossle and that which has expanded must be removed, the complete 
cycle is as in Fig 3, the area ABFE representing ihe work done 
by the fluid approaching the nozzle, area BCOF that of expansion, 
and CDEO that required to remove the expanded fluid and hence 
negative. Algebraic sum of these areas is 

v-^nn[i-(§)“] (.) 

If Vh repreaente the volxime of 1 lb under the initial conditions, W is the work done by 
1 lb, and if this work is used in accelerating the same 1 lb of fluid, then, 

W - («t* - «!*) •*■ 2 g (10) 



In nozzle work, ui, the original velocity, is generally small as compared to u», the final 
velocity, so that ui* may be neglected; in which case, from Eg 9 and 10, 


U| 



( 11 ) 


Weight fluid flowing through the nozzte follows directiy, since it equtda ^e product of 
velocity, orosa^ection and wt per ou ft. Let A ■■ area at point of max veloc, then. 


w 


- uAic - 8.02 [l - * ] J* * 


where e> ■■ lb per seo, A area in sq ft, and 8e wt of 1 ou ft at the low pieas. 
BgBMfliy more convenient to express 6« in terms of original conditions and since 


8.08 A 





b-(kfr 


It ig 


(W) 
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K 

V baeonaag » maximum when first diffetential — 0, which oocura when (~ ) * "* » 

of for the marimum flow, * \ "fc/ 2 

« 

irh)"' w 

Rediioing the lower preae will not increase wt, but final velocity only. Throat area of a 
noaale is designed to pass the desired wt for the above press ratio, and the moutii area to 
permit of the complete expansion. A’ relation between throat and mouth area (Moyer) ia 


Mouth area 
Throat area 


0.172 -5^ + 0.7, « TT < 25 

* e 

/Pjl\«.*4 P- 

0.175 +0.7, if ^>25 

\“e/ ■* e 


(14) 



Fig 4. Pressure Ratio for Max Wt 
Discharged by Nossle for any Value 
of 


The line joining mouth and throat varies greatly, 
but a common form is almost a straight line and a 
20° angle. 

The curve in Fig 4 shows the pressure ratio 
Pe Ph for max flow for different values of a. For 
all vapors, unless considerably superheated, a varies 
in value throughout the expansion, and hence re¬ 
sults fur vapors by above method are not strictly 
accurate. For an exact method see Art 10. 

The above equations are for perfect noszles or 
orifices, so that the actual wt discharged, or the area 
to pass a given wt, may differ somewhat froni that 
oalci'lated, due to stream contraction. For orifices 
with sharp corners the effective area may be as low 
as 60% of the actual, while for nozzles it may be as 
high as 95%. 

For flow occurring when the low press is below 
the critical value, the mnpiric equations in Table 3 
apply. 


Table 3. Formulas for Flow of Steam and Air from Orifices 


Lb dry steam per hr>per oq in of orifloe 


Lb BupOTheated steam per hr per sq in 
of orifiee 

Lb of air per hr per sq in of mifice 

Lb of wet steam per hr per sq in of ori¬ 
fice 


60 p» « Grasbof - 

51.43 p Napier 

49.6 p Harter 

3.6 p [16.36 ~ 0.96 log p] Hateau 

60 + [1 + 0.00065 X degrees superheat] Moyer 

49.6 p to 45 p for superheat 0° to 185° at 160 lb Harter 
I 900 Pi + y/Yi 

for flows fro m 2 atmos or mor e to 1 atmos MiegenSr 

60 p#.*t + V^dryneas fraction Grasbof 


Bxample 7. Calculate loss of air per hr from a tank in which the press is maintained at 90 lb per 
sq in gage and temp is 100° F, if there be a leak amounting to 1/8 of effective opening. Quantity 
of air escaping can be no greater than if the press without the tank were 53% of that within, so this 
valua will be used for Pe in £q 12. For eonditiona given, Fs •• 2 ou ft; hence, by Eq 12, wt per hr.** 

8 600X X (0.63)o nl3.6 X 144 X 105 X 2[-(0.63)0-»])«.» - 1070 1b 

By Fliegener's empiric equation, wt per hr « (1 900 X 105) -i* (ViSo X 8) 1 030 lb. Should 

the press within the tank be only 10 lb i^ge, the empiric formula would no longer apply, ainfle the 
low press is above the critical value, and the result must be found by £q 12. For above proM, Ffr «• 
8.4 eu ft, henoo Am wt pqr hr will be 

8flO0X’'2:~~^~ X (0.6)«n|3.5 X 144 X 25 X R4tl - (O.fl)0J»lj04 m m 

a 44| X Bern 

Itow tbreoib orffleea with soudl primraro dropa ooouni in sU enginq and eomp^nasor* 
valveg, and in discharge from ifipes. Use ie made of this drop in pteqe fur meaeu|ui||«vMii^ 
‘pfomoees. For water and Bonoexpaadwe fluids tbs 'uriodty of flow is aferdy Vfl fb,- bpt 
.jpfHii amwnsive fluids the irotk done in expanding must also be accounted for. Xn 3, 
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for • iion*«xp(Ka«ive fiaid the work eaueiiik iaermwe ia velocity ie rangeaeBted aieo 
ABBD', for expensive fluids the area ABCD. Naturally, for small press differences the 
tiet wotk, of expansion BCH may be &ngiected< Hence, there are 2 sets of expressions for. 
8 ow jor Mftft l l drops: (o) tho szacti for si^wuive; (6) tho'esacti for non-expansivs and 
approximate for expansive. 


. Lb per sec per sq ft 
* , of effective oiifiro 

- («| 

where Pi and Pj are initial and final press, in lb per sq ft; Vi, the vol per lb at initial press; 
and V , the vol per lb at aver press, (Pj + Pj) -s- 2. The effective opening is always less 
than the actual; Table 4 gives values for the ratio of effective to actual. 


I t *+i 

J2g-L_£ir£!V_ (^yr 

y *s-ir, \pj \pj 


(o) 




For air Eq (16) is useful, and Table R xives values for C found by Duricy (6). These values apply 
eaaetly for air flowing into a press of 30 in of mercury, between 40® and 100® P, when the orifice ia 
less than l/soth the urea of the approaching pipe or chamber, has sharp edges, and a thickness of 


Table A Values of Ratio of Effective to Actual Openings in Orifices (Weisbach) 


Pl+ Pi . 

m 

m 

1 

na 

UM 

1.89 

0.754 

2.15 

0.788 

C for orifice, diam » 0.39 in. 

P| + Pj. 

I.OS 

0.558 

1.09 

0.573 

1 

1.67 

0.678 

2.01 

0.723 


C for orifice, diam — 0.84 in. 



pm 

l.l 

0.771 

1 3 
0.830 




C for abort tube, d — 0.39, ( — 1,18. 




Pi + Pj. 

1.41 

1 ^ 





C for short tube, d =» 0.56, i — 1.67 . 

0 813 



. . 

. . • . 


0.057 in. For a distance, they apply fairly well beyond the above oonditiona, the character of the 
orifice edge being the variable having the most influence; values of C as high as 0.09 having been 
found for orifices with rounded approach. 

Lb air per sec to atmosphere 0.6283 C<P VAu, + .r, through a circle d in in diam (16) 
where ~ press drop, in of water, and T •• abe temp. 

Table 5. Discharge Coeff C for Different Heads and Diam of Orifice (Durley) 


Diam of 

Drop in press, in of water 

orifice, in 

1 

2 

3 

4 

5 

•/16. 

0.603 

0.606 

0.610 

0.613 


Vt 

0.602 

0.605 


0.610 

KKjF 

I 

0.601 

0.603 


0.606 

K1I7T 

1 Vs 

0.601 

0.601 

0.602 

0.603 

HjCa 

2 •" 


0.600 


0.600 


2V^ 

0.599 

0.599 

0.599 

0.598 


3 

0.599 

0.598 

0.597 

0.596 


3Vz 

0.599 

0,597 

0.596 

0.595 


4 

0.598 

0.597 

0.596 

0.594 


4 i/2 

0.598 

0.596 

0.596 

0.593 

0.592 


In general, the constants for different types of 
ttiflee may be taken between the limits shown in 
Table A ne rule fcr speoifis oasce being poesibla 
If the gadbeing measured is other than air the 
et at flew h found from Eq 17: 

wgl W Wjl Hh Vff (1^) 

are the wt of gaa and air reBpei>> 
|iv4ije,«MF<irand Fa their vol pet Ih. 


TaUe 6. Generid Limits of Consfonti 

(Weisbach) ■ 


Type of orifice 

(Jonatant 

.. 

0.95M).99 
0.55-0.W 
OtWM.flS 
a.92N>.9i 
0.94MI.99 ' 

Shiirp thin plate... 

fiknrt afrftltfkt tnbflB.. 

" rounded entraoee tube 
Convwging orifirvi. 
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Ttaturi talMM m« uaed eomioerdBUy for ttMnirixic 
2 cKpraMiotii iMidt: _ 


Odd vapor*, and h«r» afaia 


Lb ptx aee 


1 


2< 


* — 1 


Pi«i 


-(af 


y/2giPi^p^s 

VAi* - il,* 


Ui/ VPi/ 


T («) 


(W 


( 18 ) 


where A • area in sq ft, P ■■ press in lb per sq ft, £ * wt per ou ft of gas, and s ■■ ratio 
of speoifie heats, Cp *f> C«, of the gas. Subscript 1 refers to upstream, and 2 to throat 
conations, no subsmpt t^erring to the mean i^ue. For steam the exact expression is 
simplified, since the factor 


s-i«iL w J 


778 X work of Rankine cycle in B t u 


between pressures Pi and Pt, and may be fotmd by the MoUier diagram, Fig 27, hence. 


Lb steam per sec 



jzg X 778 (work of Rankine cycle) 

1 •- 

fAty /PA 
Ui/ \^*i/ 

1 

# 


(19) 


Pitet tabs is also used for meaaurinx Bases. As it is primarily a velocity meter, 2 seta of values are 
-passiUe for its results, one neglectins the work of expansion, the otiier accounting for it. But, to 
secure accurate readinse the velocities must be high, so that the use of the exact expressions is more 
important than in the orifice or Venturi meter. As the readings are often inches of water or mercury, 
as well as in lb, the equations are made to apply to these units also. 


Lb per SM 

when Z 




aVz^/uh 

Pi — Pi ■■ 5.2(hi0i — hitti) ■> 70.8 (A»n — Asu) 


(a) 


(6) 


( 20 ) 


« ratio of specifio heats, Cp + C«, < lb per eu ft of fluid, (PtPi) 

diff in press in lb per sq ft, (Awj — Awi) inches of water, and (Ami — Ami) inches of mercury, subeeript 
\ referring to the tangential orifice and 2 to the impact orifice. 


Flow in pipe*. For flow of gases and vapon through pipes there is little mote rdUablo 
information than empiric formulas, some of the commoner being given bdow (Gebhardt). 
For theory of pipe flow, see (1); for pii>e sises used in practice, see (5). , 


VeLoc, ft per min ■ A \ ' g/p" • A 

Flow, lb per min ■ B , where B 


9 240 Geipel & Kilgour 
0 076 Hawksley 
10 350 Martin 
10 360 Hurst 

50.2 Geipel'db Kilgour 

54.4 Hawksley 

56.5 Martin 
56.5 Hurst 


( 21 ) 

(23) 


Pressure drop, 1 Cv^L 

lb per eq in ) flcP ' 


PipedUia, in 




v^L 


(pi — Pt) 5' 


where C •> 


where D ■■ 


0.000396 Geipel A Kilgour 
0.00033t Hawksley 
0.000313 Martin 
0.000313 Hurst 

0.2087 Geipel A Kilgoor 
0.2010 HawkiUgr 
O.lOflO Martin 
0.1090 i^unt 


(23) 


(Ft) 


t h 

ftt above equations, d * diam, in; (pi — ptim pnas drop, lb pw aq in; ««■ R) IfVjif 
jl||)n; L ■" lengthnf p^fVaoti 3 w Ibperouftof fltdd. , * 
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PoSowing Wuee by Hunt ohow Iom in press due to 90° elbows, expressed in equivmlent 
rt of straight pipe: 


Pipe, diam 

Kesistanoe 

Pipe, diam 

Rceistance 

Pipe, diam 

Reuatanee 

Pipe, diam 

Roe&tanee 

1 

1.5 

5 

20 

ini 


16 

90.1 

2 

4.9 

6 

25.9 



18 

104 

3 

9.4 


32 



20 

117 

4 

14.5 


38 


76.7 

22 

130 



.HHilH 


■HH 


24 

144 


Draft due to convection flow, aH found in chimneys and in some ventilating systems,' 
depends on temp and hdght of stack or duct. For static conditions the difference in 

press of draft in in of water (the common unit) is 


or 


„ /7.64 7.95\ , ,. 

H ■“ chimney gases, 

7.64 H ( — — J for air. Due to flow conditions, wall resistances, bends, changes 

\Tc Tg/ 

of cross-sec in duct work, many of which can not be evaluated, the actual draft will be 
less. For chimneys the same is true, besides which there are fuel-bed, boiler-tube and 
economizer resistances, rendering any but empiric formulas of little practical value. 
Stirling suggests a corrected equation for actual draft: 

/I I \ fw*CH 

Actual draft, in of water = 7.64 HI •=-— )-r-r— ' (25) 


where H •» height, ft, Tc “ abs temp of air, Tg » mean abs temp of hot gases, to — wt 
of gases per sec, C => perimeter of stack, A »• area of stack, and / » a constant varying 
from 0.(X)1 to 0.002, 3 values for which are: 0.001 for steel stack (abs temp - 800), 
0.0015 for steel stack (abs temp = 1 060) and 0.002 for brick stack (abs temp » 760). 

Tendency of heated liquids and gases to rise is often utilized in heating or cooling systems to 
produce flow, the thermosyphon consisting merely of 2 pi]>es or flues, connected at top and bottom: 
through one pipe the warmer, lighter fluid rises, through the other the cooler and heavier descends. 

Capacity of chimnesra does not increase indefinitely with stack temp, but is maximum 
when the temp is approx twice the abs outside temp. Formulas are numerous and are 
all empiric. Chimney capacities are generally stated in boiler horsepower (B H P). 
Conunon formulas are: 

B H P - 3.25 aVh (Christie) 

B H P » 3.33 sVff (Kent) (26) 

D - 4.92 (B H P)^ (StirUng) 

The last formula can also be stated as B H P ■= 12.6 A . 

In these formulas, A area of top of chimney, sq ft; H -■ ht of chimney, ft; E "> 
effective area, after deducting 4 in from diam or width, to allow for chimney friction; 
D » diam of chimney, in. The first 2 formulas include a function of H, and therefore 
require previous determination of an H that will produce the draft^ required to overcome 
the combined resistance of the fuel-bed, boiler, and flue. It is claimed that the Stirling 
formula gives the stack area that costs least to construct, and that this area does not change 
with H, determined independently. 

As the coal burned and flue gas produ«sed per B H P are indeflnite, the'form^M we re-etat^ 
below, giving oapadty in Ib of flue gas per hr: using in first lormula 4 lb omI pw B H P (Cbrwtle); 
in second, 5 lb ooal per B H P (Kent): in both formulae, 24 lb flue gae per lb coal, and m the last, the 
Stirling value of 120 lb flue gas per B H P. 

312.4 Vw 
400 kVh 

.W 


Lb flue gas per hr 


- 1608 4’ 


(Christie) j 
(Kent) ^ 
(Stirling) t 


(27) 


s.. WdBK AND CAPACITY OF AIR COMPRESSORS (See »lflo See 15) 

DMfliwniul cosnpTMxioa requires the least work, but is impoMble to attun in pnMrtiM 

eventhe inost efficient cylinder j'Mketing. .__ wfiiafmal 

contnressmfi operate witii the compreasion hne somewhere betwem isowMw 

of air from. Uw cyUnder SSSiS 

Of eoialpMSBion curve.and gives a lower value to expon^t s (Art 1). Some comproim 
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dikgnuxiB diow appumtiy bothennal comprewion, ;wIwi«aB result ia really due to jMlcai6> 
Fig S shoifre an ideal diiMPiuu for the 2 eaaea in a uo-olearanoe, aihgle-stage m i ^i tte, ain* 
ABCD representing the work for isothermal oompression, ABC'D that for adubatio* 
nn<< CBC' the saving due to the fonner< 

Stage tampressioiu Isothermal eomprearion is more nearly approached if the w bo 
oornprMsed in om oylindor to Some intermediate pre^ delivered 
to an intercooWfand the oompreadon complete in a second 
cylinder. This is termed staging, Uie number of stages bebig 
2, 3, or 4, most commonly 2. Fig 6 shows the case for an ideal, 
no-clearance, two-stage machine. Area ABCC'DE repiesentii 
the process as given, area ABCD'E that for sin^e-stage 
adiabatic oompression for same amount'of air, and ma 
ABC'D'E for single-atage isothermal compression. Saving dxto 
to staging is area CC'DD'. 

The air is generally cooled to about the original temp in 
an intercooler, and in the following equations this assumption 
is made. The press to which the sir ia compressed, termed 
the BScrEiVBB FBBSS, aSeots the saving due to staging. Mari' 
mum saving* occurs in 2 stages when 



Fig e 
Ideal 


P-V Diagram for 
Single-stage Com¬ 
pression 


receiver press 

and in 3 stag«i when 

; first receiver press 

second receiver press 


(low press X high press) 

(low press)(high press)®-**I 
(low press)®-** (high press)®-*^J 


(28) 

(29) 


As real compressors have a cnKSBAHCB vol, not all the air m cylinder can be expelled 
on each stroke, and the vol remaining must refizpand to the low press before any fresh air 




Fig 6. P-y Dismm for Ideal Two- 
stags Compression 


Fig 7. P-V Diagram Showing Effects of 
Clearance in Compressors 


dan be drawn in. Hence, the quantity of air compressed ia always less than the piston 
^iqylacement (Fig 7). The ratio of the low-press capacity to displacement is the Afvxsmvt 
TOb BFFio. Since the entering air comes in contact with the warm cylinder walls and 
pistons, it expands, and hence the quantity of air drawn in, when measured under external 
oonditions of press and temp, is even less than would appear from the value of apparent 
vol ^ 0 . The ratio of the actual vol drawn in to the cylinder displacement is the TStJa 
VOL BFFIO. £q SO by Lucke is an attempt to formulate this quantity. 


True vol effio 


ap parent vol effic 
1 •+■ (0.3 to 0.5) 


( 


abs temp air delivered 


abs temp air supplied 




( 80 ) 


Air ddivered in other than isothermal oompression is at a higher temp than that supplied, 
and when eocded to origiiud temp decreases in vol. Vol actually delivered is term^ the 
hiidt'driV** capacity hot; when cooled, the high-press espacity cold. These vohimee tM 
isothennal ocunpresskm are equal. 

Bkpreniou for work and eapadtf of ain^e a«ri 2-etBge comprsesors are gbreM {g 
TaUea 7 and 8, fo wluch following symbola ara ueisd: * / 

A ‘•t - 





WOEK AND CAPACITY OP AIR COliCPRRSSORS 39-11 


I pm loir inoM. lb par aq in abaduta 
ftp - b^praaa" “ “ 

r p > laeeiver praaa, lb par aq in abaolute 
9 m olaaranea, aa a fraoUon diaplaoa- 
mant 

Mpm oapadty. ou ft 
d m dinm of eylindar, in 
1 ■■ atroka, in 
n aydaa par min 
D m cUaplaeamant, ou ft par min 
Subaoripta 1 uul 2 refer to low and bigh>praaa 


a « val at asponant of volumo in aquation 
for tha oompraaaion ourva /‘V* K, 
m 1.406 for adiabatia oompraaaion 
3*1 w tamp of entering air, aba 
Tt m tamp of dabvary air, aba 
4> " wt par eu ft of entering air 
^ • ratio of high pram over low praaa 
E, ~ apparent vol effio 
Cv ■■ apeoific heat at oonatant volume 
w — wt of air 

1 respectively. 


Work required to compress a given quantity of air is independent of the oiffl tmn w, but 
the sise of the oidinder required 
varies with the clearance. A com¬ 
parison of the expresrions for work 
for the entire single-etage com¬ 
pressor cycle and for compression 
alone (£q 5) shows tiiat the work 
for the entire cycle is a times that 
for compression alone, that is, in 
Fig 8, area ABCD is a times area 




Volumetric EfScIency 
Fig 0. Chart to Find Apparent Volumetrio Effio 


BCBF. Hence, £q 7, if multiplied by a, gives the complete work for adiabatic compression. 
Work of complete cycle for adiabatic eompresrion ■■ /sC« w {Tt — Ti) (31) 
Thoae quantities of Tablea 7 and 8 most frequently required may be found graphically from Fig 9 
to 11. Fig 9 is for finding the apparent vol effio for any olearanoe, preu ratio, and s. Project from 
upper boria scale to the proper ourve for a, then horia to the proper olearanoe curve, and then down 


Ratio of Pressures 



tattsTirhorfsaasle, whore answer is read. By xwoieoting from the • curve to left-hand aeale thw 
vtlueeC +*iafrittiid, JShleh gives the high-ineaa eapao hot, when the low-press capae or disidace* 

mmt is known, atnoe thq hlgh-preas capao hot • low-preaa oapao + Pig 10 is to find the 



39-12 


BNGINEBBING THERMODYNAMICS 


work required to oomiinMe 1 on It, qr the hp required to eomprese 1000 eu ft of free sir per adn la OM 
■tege, between any preseuree and for aay v^ue of «. The upper of the 2 lower toalee, yhea multi* 
plied by apparent vol effie, givee the m e p in lb per eq ft. To uae, project downward from the value 
^ £p to the proper • eurve, then horia to the low'preae curve, and finally downward to rend the 

.Batto of Premurea 



Fig 11. Horeepower for Twoetage Compression of Air, wi^ Beet Reodver 
Press and Perfect Intercooling 



answer. Fig 11 is a diagram for 2-Btage compression with beat receiver press and perfeet intereool* 
ing. Resuits obtained by the expressions of Tables 7 and 8, or from the curves, are for perfect oom- 
preseora. The amount of saving by compressing in 2 stages over single-stage adiabatic is seen in 
Fig 12. Here the horis scale is the ratio of high press to low, the vertical scale the ratio of the work 

required to compress a given amount of air in 
two stages to that required to compress an equal 
•mount to the same pressure in one stage. As 
the value of $ effeeta the result, curves for various 
values of this are given on the figure. Knowing 
the press ratio, project from the value to the 
proper s curve and then horisontally; the number 
so found when multiphed by the work required ip 
single stage will give that required for fi-etage.. 

Blowers are used for compressing large volumes 
of air or other gas to press usually below 1 lb. As 
the work to compress a given quantity of gaa^rom 
one press to another is independent of the type 
of machine, all the above work formulas api^ 
equally to blowers. In case of fans tbe preaa to 
which the air is compreesed is so little sbwe thst 
of the atmosphere that the work of comprtssion 
alone becomee negligible, so that the work may be 
represented by the volume multiidied by the in* 
I of press. But, incresse of press most include not only that actually obserr^, but also that 
required to produce the velocity with which the air leaves the fan or blower, or, 

' W - 144(pf f p»)Q (82) 

where Q « on ft of air per min, fw -• incrssse of press, and pp > vdocity head, both in lb pdrsqia. 
Sines 

0 „ __L .(A.Y , 

«0A 144X2gV60A/’ 

igVeoA/ J 


‘ ■ H I I 11 ] I I 1 I IT.U I J Li rT= 


> 0 


15 


fi 10 

Ratio ofFreasnres 

Fig 18. Disgrsm Showing Saving la TwowtMie 
Air Compreadon 


?r- 


144 


( 88 ) 


144 X 2lV60A 

IftwhidiA** wt par eu ft of gas, and A ■■ arsa of diseharge («iiiiug, sq ft. 

Ilia abovooQuatioiM and carv«g MW for the ideal or peifeofc machine. Actual sutohinee 
mmAnkdireater hp, to «Uow for frictional and other loaaes. R^tioa between tibe Meal 
MlIPpifll 'kp, tenmM the maqridc vaoxob, vatiea from OA to 0A6; that ia, tbe power 
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* For adiabatio eompreMtoo only 
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TSQUind in nvAr pmoticn will be 2 to tbnt oalouleted for iaotlwnnel oompfwekm. For 
furtiier date on the oompreesion (rf eht eee Seo 15. 


Kgnaiple A Whet cylinder diei^lMement per min end bp are required to eompreee 
1 200 eu ft of air from atmoa preaa to 60 lb gage, in aingle-etage oomprcMora. oylindaf having 3% 
elearanoef From Table 7 the apparent vol elSo ia 1 + 0.03 — (0.03 X 6) "> 04%. the 

Inlet air to be at 60* F, the real effio (Eq 30) ia 


0.04 


1 + 0.4[1.58 - 1] 
The diaplacement per min will be 1 680 ou ft. and the work 

144 X 15 X 3.5 X 1 200, 


- 76%. 


33 000 


[S0.M - 1] - 162 hp. 


Similar reeulta are obtainable from Fig 0.10. 

Eaamplo 0 . What are the high and low-preaa oapacitiea of a 2-atage oompreeaor. 10 and 17 by 12.in 
cyl. apeed 120 rev per nun, with 3% elearanoe in low-preaa ryl, opwating at beat receiver ptfu and 
perfect intweoolingT Compreaaion ia to 0 atmoa aba. What power la required and how doea it com¬ 
pare with that for a aingle-etage maobine? 

From Eq 28, reoeiver preaa (16 X 135)^ 45 lb; hence, low-preaa apparent vol effle ia 

1 0.03 — (0.03 X 3) — 96.5%. Aaauming an initial temp of 60° F, the realedic (Eq 30) la 0.965 h> 
[1 0.4 (1.36 — 1)] — 86%. Low-preaa capacity will be 85% of the diaplacement, or 823 eu ft. 
High-praae capacity hot (Table 8) ia 323 X (l/9l'’'**i or 40 ou ft, the high-presa capacity cold being 
323 -I- 0, or 36 ou ft. Power required for an ideal oompreaaor la (Table 8 or Fig 11) 53.6, and from 
Fig 12 ia eeen to bo about 84% of that for compreaaion m one atage. 


4. POWER, FUEL CONSUMPTION AND THERMAL EFFICIENCY 
OF PISTON STEAM AND AIR ENGINES 


* Simple eni^nee are those in which the fluid does work on the piston, and is then 
exhaust^ to ^e atmos or to a condensei. The fluid may be admitted for the entue 
litroke, or may be cut off at some point of the stroke and then 
expanded. Similarly, the exhaust may be for an entire stroke, or 
for only a part, followed by compression. Fig 13 shows the series 
of operations forming a cycle, for which 2 strokes are requiied. 

When the fluid is admitted to one end of cylinder only, engine is 
gingle-aoting; if to both ends, double-acting, liefornng to Fig 
13: A admission, inlet valve opens; B » cutoff, inlet valve 
closes; C ■■ release exhaust valve opens; D » compression, 
exhaust valve closes; A-A' » admission at constant vol; A'~B — 
admission jit constant press; B~C ■■ expansion; C-C' exhaust 
at constant vol; C'-D ■■ exhaust at constant press. 

Expansion curve BC may be of any form, but in steam 
practice it is a logarithmic curve, so that PV — K; for air, it ia 
usually assumed to be adiabatic, so that ■■ K. Two sett, o. c quossions are given in 

Table 9, one for JPV K, the other a general one for PV* >» K, whtic <> may have any 
value other than 1. Four degrees of expansion and compression muy exist (F'ig 14, 15, 
16, 17). In complete expansion the fluid expands in the cyl to tlio exact press of the 



Ft* 13 P-V Diagram 
fi I ' itiiple Eiigiue Cycle 




Fig 14. Zero Bx- 
paneion and 
Compreatioa 


Fig 15. Incom¬ 
plete Expenaioii 
and Compression 


Fig 16. Com¬ 
plete Expan- 
Bion and Com¬ 
pression 


Fig 17 (lier 
Expansion and 
Compreaaion 


Mduuiflt, in ittomnplete expansion it fails to reach exhaust press, and in over expansion it 
faUl betowit. Similarly, for complete compression the steam trapped in the cyl at the 
end of sxhsuirt is oompressed to the initial press. . , 

hocMpowsr (1 h p) of an engine is given by the expression pLon + 33 (WO, 
ivlMnijt is tlwi‘iiMatt i^ective press (m e p), ib per sq in, L tile length of stroke, ft,^o tiw 
not SunMi of piston (Mea of piston minus area of rod, if there be one), sq m, it ftumber of 
Tj tltt kMr M&. The quantity JDcm + 33 000 is the xironm ooNSfrasr (sge Tabte 2 and 
its explanation).' 
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CoMiUBvttim at eai^aM ii «»preMed in cu ft, or in lb of biglH^Trow fluid p«r bp hr, tho 
latter value being termed the watbb uatm. In the equationa, the letters Iwve foUovIng 
deeignationg; Z •* outpff -> fraction of stroke completed whm inlet valve doses; X ■■ 
compression fraction of stroke remaining when exhaust valve closes; c dearenee 
expmsed as a fraction of the stroke; it >■ wt of a cu ft of fluid at the hi|^ press, as found 
from Steam taUes; (in pr), (bk pr), and (rel pr> « initial, exhaust, and rdease press, in 
lb per sq in abs (fig 18). 


TaUe 9. SspreasioBB for M e p and Consumptiott of Steam or Air Engines 



For PV - JC 

For PV - JC 

mep . 

(In pr) [z + (ff + e) Nap lew 

U Z + c^ 

r(i-z) + (z + c)i 
XNaplogiL^J 

- (bk pr) X 

Cu ft of fluid 
per hr, per 

1 h p 

mep ^ in pr-J 

mep 1- Vm pr^ J 


Lb of fluid 
per hr, per 
i h p 

1 

(!'‘'')j] 

mep L. \]A pr/ 

1*1 

RUesee prees 


(i + ,) 


For complete expansion and oompreeuon Z and X have special values as follows: 


ForPy- K 

For FF* - K 

_ ,, , . bk pr 

Z m (1 + e) - e 


in pr 

Vm pr/ 



Vbk pr/ 

Vbk pr/ 


(84) 

(85) 


Bk Pr 


Diagram (actor of an engine is the ratio of the m e p actually realised in the oyl to that 
calculated as above. Actual m e p is always leas, due to valve interference with steam 

flow and other causes. Values of diagram factors for 
different types of engines are given under description of 
engines, averaging about 0.8 to 0.7. Shaft on bhakb bp 
of an engine is always leas than the i h p, due to friction 
losses. Ratio of brake hp to i h p is the mbchanical 

BrnCIBNCT. 

Actual consumption of engines is greater than the above 
values, due to leakage past valves and from one side of 
piston to other, and to condensation of steam in the eyi. 
During exhaust stroke the eyl tends to cool down, since 
tile temp of exhaust steam is relativdy low. On admia* 
don of hi|d>-Prw»> steam, some is condensed on striking the 
cooler oyl walls, allowing more to enter. 

Missing water is the ^fference between actual and 
computed consumption. It is difficult to predict, as the 
condition of the engine (frequently unknown) affects it greatly. Following empiric formu¬ 
las (Perry) are in common use: < 

i + i 

Condensing engines, B 120 — (36) (37) 



Fig 18. Diagram Representing 
Cutoff, Compression, and Pres¬ 
sures in Steam Engine Cyrie 





in ssfaliffi S is missing water divided computed consumption, Z the eutoff, d the diatn 
of eyl, the rev per min, n the oyoleg per min, p the initial pr ee s, and m a constant 
vaiyffig ffom 6, in eni^nee in veqr good ocmditioA and with inefceti, to 30 or mmb in idWtnee 

wlt^t laefcets. * , 
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l|i>ltUll«-«xpuidon eat^*v itge those in whidb the steam, after doing «<^k in <mo cjd, 
is exhausted to one or more oyls aitd dues more work hy further expanaian. Amount,of 
work which 1 ou'ft of steam can do in expanding between initial and.back {ness is inde* 
{indent of the number of cyls in which expansion takes plade, but a greater range of expan- 
mn can be had in a multiple than in a single-cyi engine. This, together with a decrease 
in condensation and leakage losses, is the reason for employing compound and triple' 
expansion engines. Should expansion occur in 2 stages, the engine is termed a compound, 
a trijdjs if in 3 stages, and quadruple if in 4. But, 2 cyls may be us^ instead of 1 large 
one for the lower press cyl, so that a compound is not necessarily a 2-cyl, or a triple a S'Cyl 
engine. Exhaust from 1 cyl may be led directly to the next, or to an intermediate receiver. 
Should the fluid be heated between cyls, the receiver is a reheating receiver. It is con¬ 
sidered good practice to reheat air, but not steam. Since the size of receiver, arrangement 
of cranks, type of expansion curve, clearance, cutoff, and compression, in each cyl slU 
enter into the expressions for m e p for multiple-expansion engines, these expressions 
bec(«ne too complicated for presentation here (1). (See textbooks.) 


Expressions for cu ft or lb of fluid consumed, as given for simple engines, may be used for multiple- 
cxpimsibn engines as follows: Z, X, e, and the pressures may be taken for either cyl and the m e p 
taken as referred to that cyl for which the values of Z, etc, are taken. The m e p referred to 1 cycle 
is a hypothetical m e p, which, if existing in a single cyl of the same sise as that to which it isrefet^, 
gives the same bp as the whole engine. 


For compound engines: 


(m e p) referring to high press 
(m e p) referring to low preee 


(m e p)^ -b (m e p) 

D/f Dh 

(m ep)ff^+ (mep)L 


(36) 


where Du and Dh are the displacements of the high sad low-press cyls. 


Thermal effle of steam engines is the ratio of output to input. Reducing both to 
1 hp, this becomes thermal eflic — 2 545 -ir (water rate X Hi), in which is the heat 
content of 1 lb of steam above the feed-water temp, for values of which see Art 12. 

Thermal effic of air engines is generally considered as the work obtained from the 
engine for a given quantity of air, divided by the work to compress the same quantity. 
Should there be preheating and reheating, the work-equivalent of the heat so supplied 
must be added to the work of compression. For the work of engines, see above; for work 
of compressors, see Sec 15. Work-equivalent of the heat of preheat or reheat will be 
778 wCp (Tt — Ti) where m wt of air, -> speciflo heat at constant press ■■ 0.24 for 
air, and (Ta ~ Ti) the number of degrees tmough which the air is heated. 

Example 10. Find the hp which a 15 by 18-in double-acting engine, with 6% clearance, running 
at 200 rev per min, could probably furnish at the belt pulley for following eonditiona. Initial press, 
125 lb gage; back press, atmosphtfe; cutoff, Vt: compression, 20%. What is the probable steam 
eoDSumption? Taking s as 1 (customary for steam work), from Table 9 the ideal me p woujd be 

Uof 0.06 + 0.66 Nap log - lef 0.8 + 0.26 Nap log —1 -102. 

I- 0.56-J ^ 0.05-> 

Assume a diagram factor of 80%, and a meoh efBo of 85%, as fair values. Then probably m e p > 
0.8 X 102 » 82. Tlte piston speed » 2 X 200 X 1.5 600; hence from Table 2, bp constant is 

3.21. The i h p will then be 3.21 X 82 - 263 and the b b p, 0.85 X 263 - 223. From Table 9 the 

inihoated steam per i h p per hr is —"— ^0.66 — 0.25 X J X 0.31 «■ 27.6 lb. From Eq 87, 

jt . 30 X Q ^ per hr will then be 27.5 X 1.42 X 263 - 102701b. 

IS V200 

Foompla u. if the engine in above problem be run for best economy, complete expansion and 
cosmraHion must he had; hence (Eq 34, 35), Z 1.05 X — 0.06 — 0.062 and X •• 0.05 X 
— 0.05 w 0.42; From Table 9, the ideal m e p is 21. Probable b h p is then 46. The indicated , 
coneamption (Tnbio 0) i8-^^^|^[o.ll2 - 0.47 X X 0.31 - 15.5, and « (Eq 87) is 2.4. Total 
Oteui pci:,far is 15.5 X 3.4 X 54 2 846 lb. 

- , ‘ ‘ 

0*: POWBR* WSL CONSUMPTION AND THERMAL EFFICIENCY 
’ . OF INTERNAL COMBUSTION ENGINES 

lit timw «wiae» the heat is devekqjed directly in the working cyl by burning the fuel 
therein. en^nee nisy be divided into 2 eUwee; (o) those burning «ie fuel ai con- 
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Fig 19 and 20 diow the ojroles on ivhidi th^ 


ctant vol; {&) thoae at oonetant press, 
operate. Fig 19 shove the Otto eyde, where 
AS -■ adiabatic compressUw 
CD m " expansion 

Fig 20 shows the Diesel cycle, where 
AB « adiabatic eompreBsifHi 
CD ■■ *' expansion 



SC •" heating at constant volume 
DA m cooling “ 


BC » heating at constant pressoce 
DA « cooling “ “ volume 

As actually operatedT, both ^pea draw in a new 
charge in each cycle, and expel the products. 
These transfer phases may each take 1 stroke, 
or occur at the dead>oenter periods. In first 
case, the engine is a 4^cle, in second, a 2-Qyole, 
the 4 or 2 indicating the number of strokes pw 
cycle. Expressions for m e p, tiiermal ffflo and 
fuel consumption, for Otto and Diesd oysles 
are given in Table 10. 


Table 10. M e p. Efficiency, and Fuel Consumption for Otto and Diesel Cycles 



Otto eyde 

Diesel cycle 

M dip. 


[(' + c.n) ‘3^ 

1 


>-4 

1-1 

1_i 

Thermal effidenoy 

'-(h)' " 

,-(&)-■ „ i-i 

NFo' Tfc 


Qi 

Fuel ooiMumption 
per hr per i h p 

2 645 

Eli 

2 546 

EH 


J •> Joule's equiv 776; Qi heat added per lb of working gases in oyl; Pa * press at begin* 
aing of compression; Ph "• press at end; Fa ■■ vol per lb of air*gae mixture at beginning and Ft at 
end of eompieaeion; Cp and Cv * spedfio heats of gases at constant press and constant vol; Jfti- 
B t u per Ott ft of gae or vapor; ff B t u per ou ft of gas or per lb of oil; K thnrmal effic, a» the 
air required to bum 1 ou ft gas vt vapor; Ta "■ aba temp at beginning of oompreasion; 2*5 abs 
temp at end of oompreasion. 

BSdsncy of Otto eydo depends only upon the degree of compression and is independent of 
amount of heat added. It may be expressed in terms temp, vol or press, before and after com* 
pres si on, the latter being commonest. Table 11 gives values for efficiency for different compression 
rstioo for the usual value of s -> 1.4. Efficiency of Diceel cycle varies with the degree <d ocmpces* 
skm, and with amount of heat added. In praotiice, efficiency is further decreased at heavy loads due 
to inoomplete combustion when large amounta of fuel are added. The m e p in each case is work 
divided by ^ange in volume. In above expressions, work is the product /Qiff, and vol ohange is 
' axprassed as a function of original voL Heat liberated per cycle Qi, divid^ by vol of mixture, 
admitted, or vol ohange, is the heat oontent per ou ft of ^xture; benoe, the m • p extHuasion for 

Otto cycle may have the simpler form given in Table 10. Table 12 gives the quantite — or B t u 

ft +*1 

per on ft ^ air-fud, mixture for the eomtnon fuels, at 32* F and 14.7 Ib. For other oonditiona of pteie 
and temp, the valuee vary directly as the abs i»vss and inversely as abs temp. Henee, nolutiq^ of 
petMemeud the Otto oycle are ehiefly a matter finding tabular quantitlM. For ablution of In e p 
by the other axprasdonSt the heat Ubwated per lb pfstuffin cud must be known. Considering Fate b# 
vibe'vol f( 1 lb of mixture external to the oyl, 

Fa[l.- 
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Tsbla 11. Valnai of Otto Cydo Ettctoacjr 


1 Ck* 

1 

' - 


Ph 

Fe 

-( 0 ' 


3 

0.544 

0.269 

5.8 

WBSBm 

0.395 

3.2 

0.564 

0.283 

6 


0.401 

3.4 

0.563 

0.295 



0.427 

3.5 

' 0.599 

0.307 


0.774 

0.448 

3.6 

‘ 0.615 

0.317 


0,792 

0.466 

4 

0.628 

0.327 


0.807 

0.482 

4.2 

0.64i, 

0.336 


0.855 

0.538 

4.4 

0.653 

0.345 


0.882 

0.575 

4.6 

0.664 

0.353 


0.900 

0.601 

4.6 

0.673 

0.361 


0.912 

0.622 

s 

0.683 

0.369 


0.921 

0.638 

5.2 

0.692 

0.376 


0 928 

0.651 

5.4 

0.700 

0.382 

45 

0.934 

0.663 

5.6 

0.708 

0.389 



. 


Table 12. Values of B t u per Cu Ft of Best Air and Gas Mixture 


Fuel 

at 32” F 

Fuel 


a -t- 1 

and 14.7 lb 

. 1 * 

O + t 

aad 14.7 lb 

Carbon monoxide.... 

100 

Averngn nniil gna 

90 

Hydrogen. 

88 

* ‘ oil gaa... 

97 

Methane. 

91 

** ookivnvpn p’fiB 

90 

Benaene. 

103 

*' 9**.... 

60 

Afcnhnl. 

lOI 


88 

Gaaolene. 

107 

* * anthracite producer gas 

67 

Crude oil. 

110 

‘ ‘ lignite producer gas... 

69 

Kerosene. 

107 




Bote.—Values at any other press and temp values at 32” and 14.7 lb X 33.45^, where p is 


preas in Ib per sq in and T ia aba temp in deg F. (Constant 33.45 is 402 -i- 14.7.) 

1 

Table 11 givee values for 1 — {Pa Pi)* and aa the air-fuel mixture ia largely air the vol per lb 
may be considered the same aa air, values for which are given in Table 20. Aa the fuel mixture 
external to engine is generally at atmos preas and temp, an aver value of 13 ia not greatly in error. 


For liquid fuels the value for 


fft 


averages about 105, for city and natural gases 00, 


and producer gases 70. Values given for m e p and efiio are aU for perfect engines. The 
diagram factor varies far more than for steam engines, but a rough value is 45 to 55%. 
Values for different types of engines are given in Bee 40. 

Example 12. Find full-load hp, fuel consumption, and thermal efSc of a single-acting Otto 
4-oyele 3-^110 by 12-in engine, running at 500 rev per min, with a compression preas of.00 lb giw; 


- * - 


fuei, sloohtd. Compression ratio ■■ (90 + 15} + 15 ^ 7. Effio (Table 10) 

0.427, as also shown in Table 11. Aasuming the diagram factor 0.5, real effie 0.21. Fuel per hp 
hr (Table 10), and value of 12 100 B t u per lb alcohol (Table 26) - 2 545 + (0.21 X 12 100) - 1. 
Thia value is the probable consumption, since the probable effic of 0.21 waa used. Same result could 
be found by using Uie hypothetical value 0.427, and dividing by diagram factor 0.5. B t u per eu ft 
ndxturs, at say 60” F and atmos press (Table 12) 95.5; hence m e p -> 5.4 X 95.5 X 0.427 « 220 

Ib. Aivlybrn same diagram factor, real m e p 110. Piston speed (3 X 500) 2 ■> 750. Bp 

Ooostant from Table 2 1.785; hence, hp *■ 196. 

Bpample IS. Find the m e p, fuel consumption, and thermal effic, of a single-cyl, 2-cyele Diesel 
epgiae,' <4>erating on nude oil at full load. Compression ratio, 40. At theo^ti^ fuU loi^ in * 
XBumI thm would be heat libmated due to best mixture, but actually there ia plwaya exoM air. ^ 
AgpipiBpbeat mixture, Qj ■■ IS X 104 X 0.93 >■ 1 250, for temp of 80” F external to eyi. From the' 
foffO^g^ 42, the temp ratio equals the jmn ratio raised to (s - 1) + s poW«, benoe 


'XTg m ihpOabsi. 


"I 


0.17 X 52011 + 


,JiliqaeJS w I r- > 


(■ 


1250 


a24 X 1 500 




1250 


— 0.515 
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AMunlng ilia4trfttB factor of 0.5, real thermal aflSlo baoomM 29%. Futi eonaumptloa, awnmiBg 
ieoeOBtuiMrlbdyi,ia2 545-»- (0.26 K 10 000) - 0.511b. 

Map- (778 X 1 250 X a515) + (144 X 0.13 X 0.03) » 200 lb. 

Applying aame diagram factor, real m e p ■■ 145 lb. 

6. HEAT AliH TEMPERATURE UNITS 

Tlwrmoaietgr scgleg in common use are Client and Fahr, usually the latter in American 
engineering practice. The fixed points on each are the freezing and boiling points of water, 
at standard press of 700 mm of mercury. hVeesing point is denoted by 0° and 32”, boilipg 
point, by IW” and 212”, on the Cent and Fahr scaies respectively. 1” F >■ 5/^” C, or 
X” C — o/s” F. Temp F — ®/b temp C + 32, or temp C -> */» (temp F -- 32). (See 
also Sec 37.) 

Absolute temperature. Scales given above are purely arbitrary, and can not be used 
in thermodynamic calculations for which abs temps are required. The more permanent 
gases, as air, hydrogen, oxygen, etc, or those much above their condensation temp, 
when cooled at constant press, lose a definite amount in vol per degree of cooling. If 
cooled at constant vol, there is a defnitc decrease in press of 1/273 per deg C, which is the 
same as the decrease in vol for conbiont-press cooling. Considering a umt press or vol 
at 0” C, cooled through 273”, there would be zero press if the cooling were at constant vol, 
or aero vol if cooling were at constant press. Temp of —273” C is therefore called the 
abs zero Cent, and 0” on the same s(*ale becomes 273” C abs. Similarly, 0° (m Fahr scale 
is 460” abs. The above values are in the nearest round numbers. More exact values are: 

0” C scale » 272.85” abs (Begnault), and 0 ” F scale = 459.64” abs (Marks A Davis).' 

Units of heat. There are 2 units of heat, one corresponding to each of the above 
thermometer scales. That corresponding to the Cent scale, or metric unit, is the calorie, 
or heat required to raise the temp of 1 kg of water from 15” C) to 16” C. This unit is some* 
times call^ the large calorie, to distinguish it from the small calorie, which is the heat 
required to raise the temp of 1 gm water an equal amount. The unit used in English- 
speaking countries is the British Thermal Unit (B t u), and is the heat required to raise 
the temp of 1 lb water from 62° F to 63° F (Peabixiy) or 1 /igo of the heat required to raise 
1 lb of water from 32” F to 212 ” F ( 2 ). These values would be identical were the specific 
heat of water constant. The variation is slight, and for practical purposes the error 
arising from considering it constant and equal to unity may be neglected. For detailed 
discussion of different values of specific heat of water, see (17, 21). 1 Btu i- 0.252 
calorie; 1 calorie » 3.908 B t u. 

Mechanical equivalent of heat varies in different latitudes; a common value in engi¬ 
neering work is 1 B t u B 778 ft lb (Table 13). 


Table 13. Power Conversion Factors 


Ft lb 

B t u 

Calwie 

Hp sec 

Hp min 

Hp hr 

1 

1.26 X I0-* 

0.324 X I0-* 

1.818 X iO-* 

0.303 X IO-< 

5 05 X lO-r 

778 

1 

0.252 

1.414 

2 356 X 10-* 

3 93 X 10-* 

3 086 

3.968 

1 

5.61 

9 35 X I0-* 

1.56 X IO-« 

550 

0.707 

0 178 

1 

1.67 X 10-* 

2.78 X IO'* 

3.3 X I0< 

43.44 

10 70 

60 

1 

1 67 X lO-r 

1.98 X I0« 

2 545 

641 

3 600 

60 

1 


7. SPECIFIC HEATS 

When substances are so heated that no change of state occurs, as from solid to liquid 
or liquid to vapor, and no heat is conducted away, the tonp rises. Quantity of heat 
requhed to cause temp of equal weights of different substances to rise the same numbw 
of degrees varies. The standard is the heat required to raise 1 lb water 1” F. Ratio pi 
the heat required to raise 1 lb of a substance 1 ” F to that required to raise 1 lb water 1 ” F 
ia its bsat. 

Heat may be apjdied to a substance at constant press or at constant volume. In nrSt 
oaas the ^1 changes, and hence work is done; in aeo^ ease no work results. As work is 
^ne at tbb expense of heat, more is requir^ to cause a given temp rise in the case of 
aonatant-press hating. ^ Hand, there are 2 specific heat values, Cp for constant press, 
and Cp fhv oonaiaht vol obndttiens. But, in ease of solids and liquids, the diange in vmiime 
is ‘Tti/iniftW as to be negligible in engmeering work, henm for these substances only ope 
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▼aluA ia reported. Specific haate of eubetanoes are not oonatant over the ei^tire range of 
temps, but have the form of ecitiation, C ^ a + bt +a*, where a, b, and c are constants. 
As Ae values of b and c are not definitely determined, and expressions involving spedfio 
heats become very complicated when the variable vahies are used, it is customary to use 
the constant values and apply correction factors where neoessaiy at end of the calculation. 
Bee Tables 14, 15, 16. 


Table 14. Specific Heats of Solids 
(CompUed from Smithsonian and Landolt-Bomstein Physical Tables) 


Subetanee 

Sp heat 

At 

degF 

Substance 

Sp heal 

At degF 

Aluminum . 

0.2089 

32 

Iron WTt. 

wfnm 

60-212 

Asbeetoe. 

0.195 

70-210 

<4 • < 

1 0 199 1 

1 800-2 200 

Brass*.. 

0.092 

70-210 

Lava, .£tna. 


90-1 400 

Brickwork. 

0.21 


Lead. 

0.031 

70-212 

Bronee. 

0.104 

70-210 

Limestone. 

0.216 

60-212 

Csloepar (CaCOi). 

0.2 

32-212 

Masnetite (FeyOi). 

0.156 

70-MS 

Cerhnn, (fin.iitond. 

0.113 

52 

Manganese. . 

0.124 

70-212 

‘ ‘ graphite . 

0.160 

52 

Marble . 

0.21 

3^-212 

Cement . 

0.271 

82 

Mica . 

0.208 

70-210 

Clay . 

0.197 


Nickel . 

0.13 

932 

Cwd . 

0.2-0.25 


Pyrites (FeS) . 

0.13 

60-210 

COPSer .eeeee.ss.l 

0.094 

32-212 

Quarts, (BiOs) . 

0.174 

32 

GaJa» (PbS) . 

0.0466 

32-212 

i t 

0.305 

750-2 200 

Glass . 

0.16-0.18 


Bock salt . 

0.219 

55-110 

Gold . 

0.032 

32-212 

Sandstone. 

0.22 


Granite. 

0.192 

50-212 

Silver. 

0.056 

22-212 

HemaiitA (Fc(]0|).. . 

0.1645 

60-212 

Steel. 

0.118 

70-212 

Rnrahlflode. 

0. 1952 1 

70-210 

Sulphur... 

0.18 

32-120 

Ice. 

0.5 


Tin.. 

0.055 

70-212 

Iron, east. 

0.119 

70-212 

Zino. 

0.0935 

32-212 


Table IS. Specific Heat of Liquids (Compiled from Smithsonian Physical Tables) 


Substance 

Sp heat 

At deg F 

Substance 

Sp heat 

At deg F 

gtftfiyl.. .. 

0 64B 

100 

T.Atfu) (mnltHd). 

0.0356 

620-590 

** mathyi. 


70 

Mercury... 

0.033 

212 

Ammonia. 

1.07 

1 

32 

Petroleum. 

0.511 

70-135 

* * solution. 


Sea water. 

0 9to 1.0 

62 


Table 16. Specific Heat of Gases 


Subetanee 

Specific beat 

At deg F 

Authority 


Cv 

for Cp 


0.2389 

0.1703 

70-212 

1 


0.5202 

0.4011 

70-212 

1 

Beneole... 

0.2990 

0.2131 

70-240 

1 

CerboD dlnsrJHo ... 

0.2025 

0.1558 

60-212 

2 

* ‘ monoxide... 

0.2425 

0.1734 

75-210 

1 

Fthyl^na. 

0.4040 

0.3404 

50-400 

2 

Mydrngeil. 

3.4100 

2.4219 

70-212 

1 

Methane. 

0.5929 

HXEih 

65-405 

2 

Nitrogen. 



70-825 

3 

Oxygen. 


HimjH 

70-825 

3 


1. Wiedsniaa. 2. Regnault. 8 . Holborn>Auatia. All values for Cp from (1). 


Tor a nixtuie of substanoes the sperafie beat may be found by Eq 39: 

_ . .... eiWl + ntn 

Specific heat of mixture ■« ■■ -. •:- 7 - («•) 

pbere Ofc oto, are ^ Ipe^o heats and tsi, im, etc, the wmgbte of the eompmente. 

Bjqwatiftn 40 (Dulon^ add Petit) ie ueef ul where no experimental values are avauaUu 
* f. Speafic heat of aolidar» 6.4 + atomie wei^t (4Q) 

Q^tHy of heat abecrbed by or rmuoved f»m a body on heating or oooUng b given by H* 
«i>, where H • heat, w - wt, C - sperifioheat, and b and ti temp. 
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BKOmSBBING THERMODYNAMICS 


8. cosmcisirrs of expaftsion 

r 

Substanoea may be heated at oomtant toI or at coaetant press, but the change in vol 
of liquids and solids when heated at constant press is very small and is usui^ expressed in 
the form of a coefficient or change per deg. Solids may undergo both linear and volu¬ 
metric change, the 'attcr being sul^tantiaily 3 times the former. Liquids are subject to 
volumetric ezpansicn only, AU gases have substantially the same cocf over a wide range, 
which is ^/ 4 eo of their vol at 32° F and atmos press. A gas following this law exactly is 
tetmed a perfect gas. Most of the common gases follow tlio law closely mough for practi¬ 
cal purposes, but vapors, being gases only when at temperatures considerably above their 
condensation points, follow it less closely, so that for them results are only approx. Tables 
17 and 18 give the coef of expansion for common substances. 

Table 17. Coefficient of Linear Expansion of Solids . 

(Compiled from Smithsonian Tallies) 



Coef X ICt 
per deg F 

At 

deg F 

Substauco 

Coef X 1C< 
per deg F 

At 

deg F 


0 129-0.175 

loo-i too 


0.065 

60-100 


0 095-0.117 

32-1 700 

Alaiinnry . 

0 025-0.05 


Concrete. 

0 0795 


Nickel.’.. 

0.071 

lob 

r!Annffir. . 

0 0927 

mm 

PnrcelBin. 

0.023 

70-100 

OISSB.. 

0.032-0.05 


Silver. 

0 1065 

too 

lee. 

0 283 

4-30 

Steel. 

0 0735 

ICO 

Iron, cost. 

0.059 

100 

Tin . 

0.1241 

100 

Iron, wrt. 

0 0635 

0-212 

Wood, with iprain,... 

0 014-0 053 

35-90 

Lead. . 

0 1625 

100 

AVood. cross griiin . 

0 13-0 3 

35-90 


Table 18. Coefficient of Cubical Expansion of Liquids and Solids 

(Compiled from Smithsonian Tables) 


Sttbetanoe 

Coef X 10* 
per deg F 

At deg F 

Substance 

('ocf X 10* 
per deg I’’ 

At deg F 

Aloohed. 

7.96 

-35-160 

Mercury. 

■BDHI 

75-575 

Bromine... 

6.49 

20-140 

Petroleum. 


75-250 

Flttonpar. 

0.35 

50-115 

Quarts. 


122-140 

Iceland spar. 


122-140 

Rock salt. 


122-140 

Magnetite. 

0.16 

32-212 

Zincite. . 

■m 

100 


9. PRESSURE, VOLUME, AND TEMPERATURE RELATIONS 

FOR GASES 

For a perfect gas, PV v>RT (41) 

where P * abs press, lb per sq ft; V — vol, cu ft; w » wt, lb; B the gas constant >■ 
778 iCp — Cp); T "> abs temp, deg F. 

When a gas expands, PiVi* — PjFj* (42) 

and a comparison with Eq 41 shows the following relations: 

Pi /V,\* Vi fP,\l fTAlh. Ti /Pi\^ 1 

Pi " " KtJ Vi “ \Pi; " VrJ Ti “ \pj “ VfJ 

These rriatioBa are shown graphically in Fig 21, the vertical eoales representing preaa ratios, horis 
seals at top Vol ratios, and horii seals at bottom, temp ratios. The curves denote valuse of t. Left, 
'hand group of ourvse give relations between press and vol, right-hand, between press and temp 
Thus, for sir expanding from 7 atmos to 1 atmos, when expansion is such that s * 1,4» the pr^ ratio 
*• 7, final vol will bo 4 times original, and final abs temp 1 -i- 1.74 times originsl abs temp. 

▼sinias per lb of a gas may be experimentally determined for a given press and temp; Table 19 
gives valuss for oommon gases. Speoifio vol may be found from the molepuUr wt of the gases by 
Avogadro’s law, that “equal volumes of gases at the same press aipd t«ap oentoin tbs samp nu|nb« 
of moleoalsa*': beniw li <2 ■■ w>i *<* «*• where! density of the gas, lb per on ft, and m «• nolsw 
ulor Wt. Psneity of hydrogen b 0.00950 lb per ou It, at 82* F end atmos pfsas; its moleenlar Wt b 
8. Consld|rin8 ^1* tbs most reliable gas on to bags the others, the Wi of any gsginlb'ntr 
euft (|.w379Xmolsoalarwt,anditBvolineuftpdrlb«><38fi4.iiiQlec«lajrwt Thesewqu^Mil 
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, TsMi it. Spedfle VdtiaiM and ItvaaitiM at 8t^ V aad 1A7 Lfc par 8q bi .aiMI 

Gaa CoMtante of Coauaon ,Gatm , << 


^^osia. 

Carbon dioBdo... 
‘ ‘y mottoaide. 

Etbyhne.. 

Eydrogan. 

Methane. 

Nitrogen. 

Oxygen.'. 


Lb per eu ft 

Cu ft per lb 

Oas constant 

Authetity 

0.0807 

12.39 

53.33 

Raylei^ 

0.0476 

21.02 

90.47 

Ledue 

0.1227 

8.15 

35.08 

Rayleii^ 

0.0781 

12.81 

55.14 

Leduo 

0.079S 

12.58 

54.15 

Sauasura 

0.0056 

177.91 

765.89 

Rayleigh 

0.0447 

2A3S 

96.20 

Thoaison 

0.0783 

12.77 

55.98 

Rayleigh 

0.0892 

11.21 

48.24 



give the values at 32° F and atmoa press of 14.7 lb per aq in. To convert this value into that for any 
other press and temp use the following relation: 

Vol at any temp and press vol at 32* F and 14.7 lb X X (■43) 


Tol Kallo 
_• 


iaaaa'BaBkia’^&akriB^Bi'.fliaciaaaBl 

I BBaaBwiaaB V. v.a'A^riB bawb^b bbbb I 
■aBBBamai'VfriBBB'dBigaBBBBBl 
BBBBBBMad «:drAl^BBjgiBBaBBfl I 

BBh'inrir^BiP.BB WBBB JBBBI 
BBB)'.<’ia^4lBk1E(B&«BBllBBi P 

BBa#<?4riirdB^aBBBBBI|BBB i 

Ba'ynriKa^BMaViBBfBBBl 

,_Br/7i'j2i^Bh:^a!&ainBaBaBl 

BBBBBBr/fiVSiiBBB^gBICaVBBlIBBl 

BBBBBr/i'/AI>2BBBil^n^Bk^Bk'«Bli1BBl 

BBaBi///ZMBBBiiiiS^B.^ VBB«B I 
BBBB^'-^i^BBaBaiBiSBgCBa^BBB I 

BBBB 'i);;2aBBBBBBBBBBSK>?a:«aiti I 
BBBrinBBBBBBBBBBBBBBBgBBVB I 
BBB>^B BBBiBBBBBBBBBflfliBSBn I 

, :]& 2 SESSS 8 » 8 SSSSSEE£S&aS 

IBBBBBBBBBflBBBBflBaBBBBBBBB I 



Batlo VsLIUL*^ 
,.Vol 3*-F^U.71bs 


I BBaaraBriBiiBBBrjBB'gBB Jiaag BBB 
BBBaflB'IF>JB BB^IBV BBriBBBriBB*i 
BBBBBBBriariBBBBfiBBMBBBBaur 
BBBviariB'fBriBiiBBrgBB'Baarjr^ABi 
BBBIlBriBflBBBUBaBBB.BBBr'aaBI 
mumuwt9fnMummfmmm*K.mmumt 
' mwMwkmwum'AWMmmwi 
nmmmuww'AWiummti 
'dBf.aar'aaaaBBarji 

BariBBr/BrJBrjBBBiM BBB'jaBBr. 
BBHBl/B'flBrJBr^itBriBBVBBBBJ 
mwmtmkwmmmKiimwimmummmwMmt 
BfiBrWMRBV^MBVBBBUBBB'/BBI 
mumBtmnmrtmwmmummwmmmwrnu 
maMmump'ABmnmmMmwmmmpmrnmi 
BBViB'AFiVpfldiBBBBBBBBBBBBI 
wuHWKimiimwmmfmmwMmmwMnmmt 
liWa^iBrJfl'iBriBB'iBBUBBBriBBB- 
nwAnmmmmm'iummummmuwmumu 

T.Aia'fiBBViBBflBnaBriBBBnBBBani 

BliBHriBrJBriBBilBariBflBBBBBBB 

BrinriMBBBrjBBBBBJiBiriBBBBriBI 

BBriaBrBBBBrjBBriBBBrjBBaaBai 

WMJtiW.mumwmuiMmmftmnmmmumrmm 


1.73 1 '• USA 40 to to 

Temp Ratio PegreesJ’ 

Fig 21. P-V-T Change Belationa for Gases Fig 22. Diagram to Determine Change in 

bpeciiic V ol, with Press and Temp 

where T is abs temp F. and p abs press, lb per sq in. Fig 22 gives the ratio of the vol under the desired 
conditions to that under standard conditions. Lower scale is in deg F; the upper is the ratio, and 
the diagonal lines are different pressures. Hhould the vol of a certain gas be desired at 100* F and 
10 lb press, when the vol at standard conditions is known, simply multiply the standard vol by the 
factor found by projecting upward from 100 on lower scale to the heavy diagonal, then horii to the 
10-lb line, and then again up to the top scale, where 1.67 is read; hence actual vol ■■ 1.07 times that 
,under standard conditions. Density, or lb per cu ft under the actual conditions, is of course the 
zOeiprocal of the vol per lb. The vol per lb dry air at different press and temp being often reqtdred is 
given in Table 20. Table 21, with the following simple equations, takes the place of tables giv¬ 
ing tfay*^wt of dry air and of water vapor contained per ou ft of moist air, and Ih of moisture per lb of 
oih for all eenditiona of saturation, temp and barom press, which would be too bulky for insertion here. 

. t M temp, deg F; Pj) «< barom press, in of Hg; Py «> partial press of vapor (.Vrt 10) at (*, lb per 
sq in hbe; P'y partial press of vapor at <*, in of Hg; Pj, -> partial press of saturated air, ib per aq 
in abs; P'a "• partial press of saturated air, in of Hg; Z -> ou ft per lb dry air; T •• abs temp " 

460 + <*;■»<• denuty of vapor -i wt per cu ft; Pa ■■ Pp — PV! ^ “■ ■■ 0-7634 

PA A 

X<b vapOr per lb air ~ Z4. Totalwtperoaftof mixture » (1-4-F) + 4 

For aoii-saturated conditions, results sufficiently accurate for most purposes can be obtaitad by 
Ondiwf dew point from tabtes or ourvee (See 23, Fig 1), computed for standard atmos conditions., 
HnUBSle 24. Find'Wt (d 1 eu ft of air, saturated with moisture at 100* F; wt of the (dr alone for 
aa&e eoadUions; and wi oi water per lb oi air, fm barom reading of 27 in of Ug. For lOO* tba 
TItpor preea ia 0.046 lb pw sq in, the total press at 27 in of Bg is 13.25 lb per sq in; hence, the partial 
KNm is 18.26 - OJjfi •> 12.30. Wt of vapor per bu ft (Table 21) is 0,0028 lb. Wt of air p« ou ft 

1 4 A Ijr i 4- /0.217 k - 0.0663, and total wt - 00668 + 0.0028 - 0.0881 lb. Water p«r 
■ ,.V, - 12 . 8 / 
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Ttld* SO. Volsa* 4rf 1 Lb Drf Dr at Biffarant g ra aa ar aa and Ta aip at at uraa 


Mm 

IM«.lb 

pwiqia 


Tampmtan, Daa F 


40 50 «0 70 i ao I 90 



90 

mEm 

25.45 

22.60 

25.91 

23.05 

20.56 

18.50 

20.7 

16.8 

5 

5 


110 120 


2i.l0 
19.15 
J7.59 
16.22 
M.Bi lis.oe 



TaUa SI. -Propartiea of Saturated 
Air 



Example M. Conoidming Example 14 m for air 54% 
saturated. The dev point (Sec 23, Art 1) ie 80* F. Vapor 
press is then 0.S05 lb per sq in; henoe, partial press of the 
air is 13.25 — 0.505» 12.75 lb; wt of vapor « 0.0010, vt 
of air - 0.0676, total wt - 0.0016 + 0.0676 - 0.0602 lb. 
Water per lb of air ^ 0.0016 X 14.8 0.0215 lb, by same 

method as in .Ex 14. 

10. VAPORS 

A vapor is a gaa near its oondensation temp, or 
the gaseous form of a substance normally a liquid' 
or solid. Any liquid will evaporate or give off vapor 
at any temp, but only while the press exerted by the 
vapor is less than a certain value, differmtt for eacA 
temp and each substance. On reaching this pi^ 
evaporation ceases, but it the temp be inoreaMd 
evaporation again takas place until a new preaaure 
value is attained. Thus, for a liquid and vapor to- 
gather, fixing the temp fixes the vapor preea, and 
the curve showing this relation to P — T ooordi- 
nates is cDled the vapor preas.temp curve, or the 
vapw^tension curve, of the substance. A^tiqn be¬ 
tween press and temp may be expressed by ea 
equation. 


JSS.'TX 

aaSlSa teasp mai 


tarred to ia above paragraph is press td the vapor atone, and ie iad^etu^nl of 4 to 
r gaeee. Thus, if water be ^aeed ia a veeeel ia wbieh thwe is aa absolutb vaenuia. 


teasp maintained at 170* F, the prem will xiae to 6 lb per aqia. If. iaetead of having A 
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in tb« ▼tinii’, it had been fiUad with dry air at 170* F and 16 Ib, and tha wmtar than addad, tha UNmaa 
ireuld haTa riaen to 21 lb * 16 4* 6( tha air preasura not influancins tha vatw. Harai valuaa 6 
and 16 are termed the partial prmaurea of «ia water vapw and air. Vapor in preaanee of ita liquid 
aan not have a tamp other than that fixed by tha preaa; under theaa eonditiona it ia saTinaaTnnt but 
if removed from Aa lia'md it may be heated to,a temp greater than the aaturated valua. Vapor 
under theaa oonditionB ia ap wwmu a T MP, and the amount of auperheat ia expreaaed ia dag above 
aaturation tmnp. 

Dilton** Lew. 'When a space is filled with 2 or more gases, the prcMS exerted eqpals 
the sum of all the partial pressures, and the mixture behaves as a singie gas. Ratio of 
any partial press or vol to that of the whole may be expressed as a function of the weights 
and gas constants as follows: 

£l « -!£i5l andll. - ( 4 i) 

Pm Vm 

where P « presst V vol, w »• wt, and R — gas constant, the subscript 1 referring to a single oon* 
Btituant and m to tha mixture. If one conetituent is a vapor, ita partial press is limited by the temp, 
and, when tha preas is that corresponding to the temp, the gae is said to be saturated, since the max* 
imum amount ot vapor ia preaent. Actually, it is the space that ia saturated, as the presence of the 
gas does not affect tha vapor, but it is ouatomary though quite incorrect to say that the gas is aatu* 
rated. For this case, the following relation holds true: 

Wv + Wg « P<gMp H- PgMg (45) 

where W wt, P >• preaa, ilf — molecular wt, subecript » » vapor and g gas. If the gae eon- 
laina lees wt of Vapor than corresponds to the saturated state, the ratio of actual wt to saturation ia 
termed the relative humidity (Sec 23, Art 1). If a gas-vapor mixture, for which relative humidity ia 
leas than 100%, ia cooled at constant press, the temp at which moisture begins to condense (that is, 
when oaturation oooure), is called the dew point. 

Two humidity problems aro important in dealing with moisture in the atmos, and with 
preparation of liquid fuels for internal-combustion engines. The humidity of the lur is 
fou^ by the paychreoneter (Sec 23, Art 1) (4). The problem of humidifying air with 
liquid fuels can not be treated brie^ enough to be inserted here (10, 15), Se^ "Condi¬ 
tioning of Air,” Art 17; also Sec 14. 

Soblimathm is the prooeas by which solids pass directly to the vapor state without the interven¬ 
ing state of liquid. 

11. FUSION AND EVAPORATION 

In Art 7 it was stated that if substances were heated without change of state the heat 
was manifested by a change in temp. But, imder continued heating, solids and liquids 

Table IS. Temperature and Latent Heat of Fusion (From Smithsonian Tables) 



§. in 


Substance 


Substance 


8-1 



Aluminum. 

Antimony. 

Barium... . 

nitrate. 

Bkmuth......... 

Borax. 

Boric aeid. 

Cadmium. 

Cakainm. 

ohlorida...,. 

Carbon.....'. 

dioxide.. /. 

distththide. 

Chrpmkim. 

Cbromealum.... 

Cbbate. 

CopiM..'*.. 

Ou^eririoride.,. 


Iron. 

Lead. 

chloride. 

Magnesium. 

chloride. 

sulphate. 

Manganese. 

chloride. 

sulphate. 

Mercury. 

Mercuric chloride. 

Nidcd. 

nitrate. 

sulphate. 

Fhosphwus. 

Platinum. 

Potassiam. 

oarbonate....'.. .| 

oblorate.. 

ebloride. 

nitrate. 


40-90| Fotosa sulphate. 

10 I Silicon.. 

.I Silver. 

chloride.. 




nitrate. 

sulphate. 

Sodium. 

..,. chloride. 

.... hydrate. 

5 nitrate. 

. chlorate. 

8.3 carbonate. 

sulphate. 

Sulphur. 

Stannic chloride.. 
Stannous " 

Tin. 

One.. 

chloride. 

nitrate.. 

sulphate.. 


"sif |i 

S'® 


372 
2 583 
I 760 
850 
417 
I 230 
207 
I 463 
140 
600 
527 
I 565 
I 585 
235-245 
-27 
462 
450 
768 
504 
97 
122 
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finally reaeh temp at whieh fusion, or change from solid to liquid, and avaporaiiofi. or 
ohange from fiquid to vapor, will occur. During either process, the temp is constant if 
the press be fixed, and the heat added is directly proportional to the wt of substance 
ehaxiged. Quantity of heat requiied to fuse or evaporate 1 lb of a substance is the latent 
heat of fusion or vaporisation, and is exactly equal to the quantity which must be removed 
to cause the condensation or solidification of 1 lb of the substance. La.tb^ aBAT or 


Tatde 23. Temperature and Latent Heats of Evaporation at Atmos Ptmi 

(Compiled from Smithsonian and Landolt-Bomstein Fhjrsioal TaUes) 


Substance 


Latent heat 
of evap, 

B t u per lb 

Substance 

«sw 

1 § 

Latent heat 
of evap, 

B t u per lb 

Subatanoe 


1^1 

|‘S« 

4 A 


245 

153 


90 

mm 


558 



—121 


ITydrnchIrffia ** 

118 


trichloride. 

167 


Aif... 

-314 

80 

Iodine. 

>200 

43 

trioxidc. 

343 



172 

372 


4 442 


trisulphide.... 

914 



151 

482 

nitrate. 

257 


Potassium. 

1 372 



3 272 



2 777 


Silicon chloride.. 

136 



2 622 



2 047 


Silver. 

3 552 



212 

238 

nitrato. 

289 


Sodium. 

1 382 



2 607 


MangancMA. 

3 452 


Sulphur. 

837 



142 

82 

iVIimp'fiA chlnride 

223 


dioxide. 

12.6 



1 440 


jiitrafcA. 

265 


trioxide. 

114 

- 


6510 


MArcurv. 

674 


Sulphuric acid... 

640 



115 

151 


579 


Tin. 

4 116 



— 29 


nttr}.?.A. 

278 


chloride(ic),,., 

237 



4 000 


Nitric acid. 

187 


** (oua) . . 

1 143 


nitrAtA. 

258 


oxide. 

-243 


Zinc. 

1 686 



4 192 


Nitrogen. 

-412 

90 

chloride. 

1 347 



338 


Nitrniia /ividn . 

192 


nitrate.. 

268 


Cupric chloride 

1 820 


Oxygen 

-297 

110 





VAFOB1ZA.TION varios considerably with change of press, but the heat of fusion is practically 
constant. Any change in the latter is of little importance in engineering, as fusion or 
solidification in most cases takes place at atmos press. For equations expressing the heats 
of fusion and vaporization in terms of other quantities and their derivation, see Bib (8). 
The temp and latent heats of fusion, and temp and latent heats of evaporation, at atmos 
press, for common substances are given in Tables 22 and 23. 


12. PROPERTIES OF STEAM 

Properties of dry saturated and superheated steam are given in Tables 24 and 25. 
For discussion of sources of data, ace the original tables (S, 9). 

• Dry saturated steam is steam having the temp due to its press, but contuning no 
moisture; it is rarely found in practice, as commercially “dty” steam usually contains 
from 1 to 4% of water, or is superheated. Quality of steam is designated by the amount 
of dry steam present in 1 lb of actual steam stuff, or by the degrees of superheat; for 
example, 95% dry steam means steam-stuff containing 95% of steam and 5% of mter, 
and 100” superheat means steam having a temp 100” above that due to the press. As the 
values in the saturated table are for 100% dry steam, made from water at 32” F, correc¬ 
tions must ge ner ally be applied, first for quality and second for the original temp. Two 
methods are available, first to follow the procedure actually occurring in the boiler, and 
second, to oorteot the table values for the heat not added to the steam. 

Example 14. Find the heat required to make 1 lb of steam at 100 lb abs press, 96% dry, from 
feed water at 100* F. By first method there must first be added enough heat to raise watar from 100* 
W to boiling point at 100 tb. ^om the tables the heat of the liquid at 100* F is 68, and at 100 lb 
is 998, or, a diSsrsnoe of 230. If the speoifie heat of water were unity throughout the satire raai^ 
this should be the same as the difference between the temp at 100 lb and 100* F, or 226. But, th* 
tssultiag error is negligible for praotioal work, and beneo the heat to raise the water to the hfdlieff 
pefat from feed-watet temp may be considered es equel to the temp differenae. When water has hM 
raised to b^ng point, 96% is evaporated: therefore, to the beat necessary to beet water is added 
OdMiid intent beet cl evepotation, or ia this esse 0.96 X 888i» hsnee total hpet * 230 -f 0)96 X 88tw 
1074 illK the seomd mtebed total beet flom toUas is, for dry steam, 1186. B«t« tl^ wag 









































































PROPERTIES OF STEAM 


39-a7 


Tatd«'S4. PtopertiM ei Saturated Steam 

(CSoadoued from Marks and Davis's Steam Tables an^ Diagrams (4). 1909, by permi8Bi<ui 
of tlie publishers, Longmans, Green A Co). See also Goodenough'B Tables (19) 


Vacu¬ 
um, 
in (rf 
mer¬ 
cury 


29.74 

29.67 
29.56 
29.40 
29.18 
.29.89 
28.50 
28419 
27.88 
25.85 
23.81 
21.78 

19.74 
17.70 

15.67 
13.63 
11.60 

9.56 

7.52 

5.49 

3.45 

1.42 

Ib 

gage 

1.3 

3.3 


9.3 

11.3 

13.3 

15.3 

17.3 

19.3 

21.3 

23.3 

25.3 

27.3 
29*3 
31.3’ 

33.3 

35.3 

37.3 

39.3 

41.3 

43.3 

45.3 
47.3. 

49.3- 

51.3 

53.3 

55.3 
57i3 

59.3 

65.3- 

45.3 

67.3 

694 


Abe 
prew, 
lb 'per 

•q in 


0.0886 

0.1217 

0.1780 

0.2562 

0.3626 

0.50S 

0.696 

0.946 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 


Temp, 

"F 


32 

40 

50 

60 

70- 

80 

90 

100 

101.83 

126.13 

141.52 

153.01 

162.28 

170.06 

176.85 

182.86 
188.27 
193.22 
197.75 
201.96 
205.87 
209.55 


Total beat 
above 32* F. 


In the 
water 
h heat- 
units 


0.00 

8.05 

18.08 

28.08 

38.06 

48.03 

58.00 

67.97 

69.8 

94.0 

109.4 

120.9 

130.1 

137.9 

144.7 

150.8 

156.2 
161.1 

165.7 

169.9 

173.8 

177.5 


In the 
steam 
H heat- 
units 


1073.4 

1076.9 

1081.4 

1085.9 

1090.3 

1094.8 

1099.2 

1103.6 

1104.4 
1115.0 

1121.6 

1126.5 

1130.5 

1133.7 

1136.5 
1139.0 
1141. I 
1143. I 

1144.9 

1146.5 
1148.0 

1149.4 


T-atent 
heat, L 
-‘U-h 
heat- 
unite 


1073.4 

1068.9 

1063.3 
1057.8 

1052.3 
1046.7 

1041.2 

1035.6 

1034.6 
1021.0 

1012.3 

1005.7 

1000.3 

995.8 

991.8 
988 2 
985.0 
982.0 

979.2 
976.6 

974.2 

971.9 


Vol¬ 
ume, 
cu ft in 
1 lb of 
steam 


Wtof I 
cu ft 
steam, 
lb 


En¬ 
tropy 
of the 
water 


En¬ 
tropy 
of evap- 
orataim 


3294 

2438 

1702 

1208 

871 

636.8 
469.3 

350.8 
333 0 

173.5 

118.5 
90 5 
73.33 
61.89 
53 56 
47.27 

42.36 
38.38 
35.10 

32.36 
30 03 
28.02 


0 00030< 
0 000410 
0.000587 
C.000828 
0.00114P 
0 001570 
0.002131 
0.002851 
0.00300 
0.00576 
0.00845 
0.01107 
0.01364 
0 01616 
0.01867 
0.02115 
0.02361 
0.02606 
0.02849 
0.03090 
0.03330 
0.03569 


0.0000 
0.0162 
0.0361 
0 0553 
0 0745 
0.0932 
0.1114 
0.1295 
0.1327 
0.1749 
0.2008 
0.2198 
0.2348 
0 2471 
0.2579 
0.2673 
0.2756 
0.2832 
0.2902 
0.2967 
0,3025 
0.3081 


2.1832 
2.1394 
2.0865 
2.0358 
1.9868 
1.9398 
1.8944 
I.8S0S 
1.8427 
1.7431 
1.6840 
1.6416 
1.6084 
1.5814 
I.5S62 
1.5380 
1.5202 
i.5042 
1.4895 
1.4760 
1.4639 
1.4523 


14.70 

16 

18 

20 

22 

24 

26 

28 

30 

32 

34 

36 

38 

40 

42 

44 

46 

48 

50 

52 

54 

56 

56 

60 

62 

64 

66 

68 

70 

72 

74 

76 

t8 



!I6 


212 

180.0 

216.3 

184.4 

222.4 

190.5 

228.0 

196.1 

233.1 

201.3 

237.8 

206.1 

242.2 

210.6 

246.4 

214.8 

250.3 

218.8 

254.1 

222.6 

257.6 

226.2 

261.0 

229.6 

264.2 

232.9 

267.3 

236.1 

270.2 

239.1 

273.1 

242.0 

275.8 

244.8 

278.5 

247.5 

281.0 

250.1 

283,5 

252.6 

285.9 

255.1 

288.2 

257.5 

290.5 

259.6 

292.7 

262.1 

294.9 

264.3 

297.0 

266.4 

299.0 

268.5 

301.0 

270.6 

302.9 

272.6 

304.8 

274.5 

306,7 

. 276.5 

308.3 

278.3 

310.3 1 

280.2 

312.0 

282.0 

IIS. 8 

283.8 

115.4 

285,3 

317.1 

287.2 


1150.4 

1152.0 

1154.2 

1156.2 
1158.0 

1159.6 

1161.2 

1162.6 

1163.9 

1165.1 

1166.3 

1167.3 

1168.4 

1169.4 

1170.3 

1171.2 
1172.0 

1172.8 

1173.6 

1174.3 
1175.0 

1175.7 

1176.4 
1177.0 

1177.6 

1178.2 

1178.8 

1179.3 

1179.8 

1180.4 

1180.9 

1181.4 

1181.8 

1182.3 

1182.8 

1183.2 

1183.6 


970.4 

967.6 

963.7 
960.0 

956.7 

953.5 

950.6 

947.8 

945.1 

942.5 

940.1 

937.7 

935.5 
933.3 

931.2 

929.2 

927.2 

925.3 

923.5 

921.7 

919.9 

9.18.2 

916.5 

914.9 

913.3 

911.8 

910.2 

908.7 

907.2 

905.8 

904.4 
903,0 

901.7 

900.3 
899.0 

897.7 

896.4 


26.79 

24.79 
22.16 
20.08 

18.37 

16.93 
15.72 
14.67 

13.74 

12.93 
12.22 
11.58 
11.01 
10.49 
10.02 

9.59 

9.20 
8.84 
8.51 

8.20 
7.91 
7.65 
7.40 
7.17 
6.95 
6.75 
6.56 
6.38 
6.20 
6.04 
5.89 

5.74 

5.60 
5.47 
5.34 
5.i2 
5.10 


0.03732 
0.04042 
0.04512 
0.04980 
0.05445 
0,05907 
0 0636 
0.0682 
0.0728 
0.0773 
0.0818 
0.0863 
0.0908 
0 0953 
0.0998 
0.1043 
0. 1087 
0.1131 
0.1175 
0.1219 
0.1263 
0.1307 
0.1350 
0.1394 
0.1438 
0.1482 
0. 1525 
0.1569 
0.1612 
0.1656 
0.1699 
0.1743 
0.1786 
0.1829 
0.1873 
0.1915 
0,1959 


0.3118 

0.3163 

0.3273 

0.3355 

0.3430 

0.3499 

0.3564 

0.3623 

0.3680 

0.3733 

0.3764 

0.3632 

0.3877 

0.3920 

0.3962 

0.4002 

0.4040 

0.4077 

0.4113 

0.4147 

0.4160 

0.4212 

0.4242 

0.4272 

0.4302 

0.4330 

0.4358 

0.4365 

0.4411 

0.4437 

0.4462 

0.4487 

0.4311 

0.4535 

0.4357 

0.4579 

0.4601 


1.4447 

I.43I1 

1.4127 

1.3965 

I.38II 

1.3670 

1.3542 

1.3425 

I.33II 

1.3205 

1.3107 

1.3019 

1.2925 

1.2841 

1.2759 

1.2681 

1.2607 

I.2S36 

1.2468 

1.2402 

1.2339 

1.2278 

1.2218 

1.2160 

1.2104 

1.2050 

1.1998 

1.1946 

1,1896 

1.1848 

l.'ISOI 

1.1755 

1.1712 

1.1665 

1.1625 

1.1581 

I.f54e 


























39-28 ENGINBEBINO THEBMO0YNAMICS 


T«U« S4. PropcrtlM of Satoroted (Continues) 


Oa«o 

praaa, 
lb par 
04 in 

Aba 

>Ib per 
' aain 


Total heat 
above 32* F 

Latent 

heat,Zi 

-27-8 

heat- 

nnita 

Vd- 
ume, 
eu ft in 

1 lb of 
ateam 

Wtd 1 
ou ft 
ateam, 
lb 

En- 
teopy 
of tee 
water 

En¬ 
tropy' 
of av^ 
ontioa 

In the 
water 

6 heat- 
unite 

In the 
ateam 
& beat- 
units 

73. S 

88 

318.7 


■ 611 

895.2 

5.00 

0.2001 

0.4623 

1.1500 

75/3 

90 

320.3 


■ Km 

893,9 

4.89 

0.2044 

0.4644 

1,1461 

77.3 

92 

321.8 


■ DU 

892.7 

4.79 

0.2087 

0.4664 

1.1423 

79.3 

94 

323.4 



891.3 

4.69 

0.2130 

0.4684 

1.I38S 

81.3 

96 

324.9 

295.3 


890.3 


0.2172 

0.4704 

1.1348 

83.3 


326.4 

296 8 

■ 1^1 

889.2 

4.51 

0.2215 

0.4724 

1.1312 

85.3 

100 

327.8 

298.3 

1186.3 

888.0 

4.429 

0.2258 

0.4743 

1.1277 

81.3 

102 

329.3 

299.8 

1186.7 

886.9 

4.347 

0.2300 

0.4762 

l.t242 

89.3 

104 

330.7 

301.3 

1187.0 

883.8 

4.268 

0.2343 

0.4780 

1.1208 

91.3 

106 

332.0 

302.7 

1187.4 

884.7 

4.192 

0.2336 

0.4798 

1.1174 

93.3 

108 

333.4 

304.1 

IIB7.7 

883.6 

4.118 

0.2429 

0.4816 

I.LMI 

95.3 

110 

334.8 

305.5 

1188.0 

882.5 

4.047 

0.2472 

0.4834 

1.1108 

97.3 

112 

336.1 

306.9 

1188 4 

881.4 

3.978 

0.2514 

0.4852 

1.I8H 

99.3 

114 

337.4 

308.3 

1188.7 

880.4 

3.912 

0.2556 

0.4869 

1.1045 

101.3 

116 

338.7 

309.6 

1189.0 

879.3 

3.848 

0.2599 

0.4886 

1.1014 

103.3 

118 

340.0 

311.0 

1189.3 

878.3 

3.786 

0.2641 

0.4903 

1.0984 

105.3 

120 

341.3 

312.3 

1189.6 

877.2 

3.726 

0.2683 

0.4919 

1.0954 

107.3 

122 

342.5 

313.6 

1189 8 

876.2 

3.668 

0.2726 

0.4935 

1.0924 

109.3 

124 

343.8 

314.9 

1190.1 

875.2 

3.611 

0.2769 

0.4951 

1.0895 

III.3 

126 

345 0 

316.2 

1190 4 

874.2 

3.556 

0.2812 

0.4967 

1.0865 

113.3 

128 

346.2 

317.4 

1190.7 

873.3 

3.504 

0.2854 

0.4982 

1.0837 

115.3 

130 

347.4 

318.6 

1191.0 

872.3 

3.452 

0.2897 

0.4998 

1.0809 

1(7.3 

132 

348.5 

319.9 

1191.2 

871 3 

3.402 

0.2939 

0.5013 

1.0782 

119.3 

134 

349.7 

321.1 

1191.5 

870.4 

3.354 

0.2981 

0.5028 

1.0755 

121,3 

136 

350.8 

322.3 

1191 7 

869.4 

3.308 

0.3023 

0.5043 

1.0728 

123.3 

138 

352.0 

323.4 

1192 0 

868.5 

3.263 

0.3065 

0.5057 

I.070F 

125.3 

140 

353.1 

324.6 

1192.2 

867.6 

3.219 

0.3107 

0.5072 

1.0675 

127.3 

142 

354.2 

325.8 

1192.5 

866 7 

3.175 

0.3150 

0.5086 

1.0649 

129.3 

144 

355.3 

326.9 

1192.7 

865.8 

3.133 

0.3192 

0.5100 

1.0624 

131.3 

146 

356.3 

328.0 

1192.9 

864 9 

3.092 

0.3234 

0.5114 

1.0599 

133.3 

148 

357.4 

329.1 

1193.2 

864.0 

3.052 

0.3276 

0.5128 

1.0574 

135.3 

150 

358.5 

330.2 

1193.4 

863 2 

3.012 

0.3320 

0.5142 

1.0550 

140.3 

155 

361.0 

332.9 

1194.0 

861.0 

2.920 

0.3425 

0.5175 

1.0489 

145.3 

160 

363.6 

335.6 

1194.5 

858.8 

2.834 

0.3529 

0.5208 

1.0431 

150.3 

165 

366.0 

338.2 

1195.0 

856.8 

2.753 

0.3633 

0.5239 

1.0376 

155.3 

170 

368.5 

340.7 

1195.4 

854.7 

2.675 

0.3738 

0.5269 

I.0321 

160.3 

175 

370.8 

343.2 

1195.9 

852.7 

2.602 

0.3843 

0.5299 

1.0268 

165.3 

180 

373.1 

345.6 

1196 4 

850.8 

2.533 

0.3948 

0.5328 

1.0215 

170.3 

185 

375.4 

348.0 

1196.8 

848.8 

2.468 

0.4052 

0.5356 

1.0164 

175.3 

190 

377.6 

350.4 

1197.3 

846.9 

2 406 

0.4157 

0 5384 

I.0M4 


195 

379,8 

352.7 

1197.7 

845.0 

2.346 

0.4262 

0.5410 

1.0066 

185.3 

200 

381.9 

354.9 

1198.1 

843.2 

2.290 

0.437 

0.5437 

1.11019 

195,3 

210 

386.0 

359.2 

1198.8 

839.6 

2.187 

0.457 

0.5488 

0.9928 

205.3 

220 

389.9 

363.4 

1199 6 

836.2 

2.091 

0.478 

0.5538 

0.9841 

215.3 


393.8 

367.5 

■Film 

832.8 

2.004 

0.499 

0.5586 

0.9758 

225.3 

240 

397.4 

371.4 

■rojll 

829.5 

1.924 

0.520 

0.5633 

0,9676 

235.3 

250 

401.1 

375 2 

1201 5 

826.3 

1.850 

0.541 

0.5676 

0.9600 

245.3 

260 

404.5 

378.9 

1202.1 

823.1 

1.782 

0.561 

0.5719 

0.9525 

255.3 

270 

407.9 

382.5 

1202.6 

720.1 

1.718 

0.582 

0,5760 

0.9454 

265.’3 

200 

411.2 

386.0 

1203.1 

817.1 

1.658 

0.603 

0.5800 

0.9385 

275.3 

290 

414.4 

389.4 

1203.6 

814.2 

1.602 

0.624 

0.5840 

0.9316 

285.3 

300 

417.5 

392.7 

1204.1 

811.3 

1.551 

0.645 

0.5878 

0.92fl 

335.3 

350 

431.9 

408.2 

1206.1 

797.8 

1.334 

0.750 

0.6053 

0.8949 

385.3 

400 

444.8 

422 

1208 

786 

1.17 

0.86 

0.621 

0.868 ‘ 

435.3 

450 

456.5 

435 

1209 

774 

1.04 

0.96 

0.635 

0.844 

485J 

500 

467.3 

448 

1210 

762 

0.93 

1.08 

0.648 

0.823 

535.3 

550 

477.3 

459 

1210 

751 

0.83 

1.20 

0.659 

0.881 

585.3 

600 

486.6 

469 

1210 

741 

0 76 

1.32 

0.670 

0,783 


■hWitF ilR/Md i*at«r tbo hMt n oo w tai y to imko it to 100* F fro^ 32* F, or OS oniiOi afao, <8% of 
lataqAlMM not utiliaed, booMtae only 90% of water waa evi^Kirated; hanoe, aetuai t^tel Itete**, 
1 llPSi'OO <*- (0.05 X 89B) ■■ 1074, aa bofora. For tba aopacbaated oonditioa, tha tnrraotion (Ete 

"''1' rnirfr-ir / 






















C!OMBUSTZON AND ITS EFTBCTS 


8^29 


Tftbl* SB. grop w fl— of SnporbMtod Stoua 

# « tpM Tol ia 00 ft per lb, h » total boat, from water at 32'* F, in B t o per lb, nventropp, fron 
water at 82*. (C<mdenaed from Marks and Davis's Simm Tables and Diasrataa} (4) 


'Abe 

IPMMi 

Ibper 

aqin 

Temp 

sat 

steam 

b 

Degrees of superbeat 

0 

20 

SO 

100 

150 

200 

mm 

300 

400 

500 

20 

228.0 

« 

20.08 

20.73 

21.69 

23.25 

24.80 

26.33 

27.85 

29.37 

32.59 

35.40 



k 

1156.2 

1165.7 

1179.9 


1227.1 


1274.1 

1297.6 

1344.8 

1392.2 



n 

1.7320 

1.7456 

1.7652 

1.7961 

1,8251 

1.8524 

1.8781 


1.9479 

1.9893 

K1 

267.3 

s 

10.49 

10.83 

11.33 

12.13 

12.93 


14.48 

15.25 

16.78 

18.30 



A 

1169.4 

1179.3 


1218.4 

1242.4 

1266.4 

1290,3 

1314.1 

1361.6 

1409.3 



n 

1.6761 

1.6895 

IlZE 

1.7392 

1.7674 


1.8189 

1.8427 

1.8867 

1.9271 

60 

292.7 

s 

7.17 

7.40 

7.75 


0.84 

9.36 

9.89 


11.43 

12.45 



A 

asm 

1187.3 

1202.6 

1227.6 

1252.1 

1276.4 

1300.4 

1324.3 

1372.2 

1420.0 



n 

1.6432 

1.6568 

1,6761 


1.7342 


1.7849 


1.8511 

1.8908 


312.0 

V 


5.65 

5.92 

6.34 

6.75 

7.17 

7.56 

7.95 

8.72 

9.49 



A 

1182.3 

1193.0 

1208.8 

1234.3 


1283.6 


1331.9 

1379.8 

1427.9 



n 

1.6200 

1.6338 

1.6532 

1.6833 

IKiiE 

1.7368 

1.7612 


1.8265 

1.8658 

too 

327.8 

p 

4.43 

4.58 

4.79 

5.14 

5.47 

5.80 

6.12 

6.44 

7.07 

7.69 


. 

A 

1186.3 

1197.5 

1213.8 

1239.7 

1264.7 

1289.4 

1313.6 

1337.8 

1385.9 

1434.1 



n 


1.6160 

1.6358 

1.6658 

1.6933 

1.7188 

1.7428 

1.7656 


1.8468 

120 

341.3 

V 

3.73 

3.85 


4.33 

4.62 

4.89 

5.17 

5.44 

5.96 

6.48 



A 

1189.6 

1201.1 

1217.9 

1244.1 

1269.3 

1294.1 

1318.4 

1342.7 


1439.4 



n 

1.5873 

1.6016 

1.6216 

1.6517 

1.6789 




1.7924 

1.8311 

140 

353.1 

s 


3.32 

3.49 

3.75 


4.24 

4.48 

4.71 

5.16 

5.61 



A 

1192.2 

1204.3 

1221.4 

■ I'ZIB)] 

1273.3 

1298.2 

1322.6 

1346.9 

1395,4 

1443.8 



n 

1.5747 

1.5894 

1.6096 


1.6666 

1.6916 

1.7152 

1.7376 

1.7792 

1.8177 

160 

363.6 

f 

2.83 

2.93 


nRVi 

3.53 

3.74 

3.95 

4.15 

4.56 

4.95 



A 

1194.5 

1207.0 

1224 5 

1251.3 

1276.8 


1326.2 


1399.3 

1447.9 



n 

1.5639 

1.5789 

1,5993 

1.6292 

1.6561 

Dmn 


1.7266 

mw.'m 

1.8063 

180 

373.1 

f 

2.51 

2.62 

2.75 

2.96 

3.16 

3.35 

3.54 

3.72 

DEB 

4.44 



A 

1196.4 

1209.4 

1227.2 

1254.3 

1279.9 


1329.5 

1353.9 


1451.4 



n 

1.5543 

1.5697 

1.5904 


1.6468 

1.6716 

1.6948 

1.7169 

1.7581 

1.7962 

200 

381.9 

p 

2.29 

2.37 

2.49 

2.68 

2.86 


3.21 

3.38 

3.71 

4.03 



h 

1198.1 

1211.6 

1229.8 

1257.1 

1282.6 


1332.4 



1454.7 



n 

1.5456 

1.5614 

1.5823 

1.6120 

1.6385 

1.6632 

1.6862 

1.7082 

1.7493 

1.7872 

220 

389.9 

p 


2.16 

2.28 

2.45 

2.62 

2.78 

2.94 

3.10 


3.69 



A 

1199.6 

1213.6 

1232.2 

1259 6 

1285.2 


1335.1 

1359.8 


1457.7 



n 

1.5379 

1.5541 

1.5753 


1.6312 

1.6558 

1.6787 

1.7005 

1.7415 

1.7792 

240 

397.4 

p 

1.92 

1.99 

2.09 

2.26 

2.42 

2.57 

2.71 

2.85 

3.13 

3.40 



A 

1200.9 

1215 4 

1234.3 

1261.9 

1287.6 

1312.8 

1337.6 

1362.3 

1411.5 

1460.5 



n 

1.5309 

1.5476 

1.5690 

1 5985 

1.6246 

1.6492 

1.6720 

1.6937 

1.7344 

1.7721 

260 

404.5 

V 

1.78 

1.84 

1.94 


2.24 

2.39 

2.52 

2.65 

2.91 

3.16 



A 

1202.1 

1217.1 

1236.4 

1264.1 

1289.9 

1315.1 

1340.0 

1364.7 

■UQG 

1463.2 



n 

1.5244 

1.5416 

1.5631 

1.5926 

1.6186 

1.6430 

1.6658 

1.6874 


1.7655 

280 

411.2 

V 

1.66 

1.72 

1.81 

1.95 


2.22 

2.35 

2.48 

2.72 

2.95 



A 

1203.1 

1218.7 

1238.4 

1266.2 

1291.9 

1317.2 

1342.2 

1367.0 

1416.4 

1465.7 



n 

1.5185 

1.5362 


1.5873 

1.6133 

1.637S 

1.6603 

1.6818 

1.7223 

1.7597 

330 

417.5 

s 


1.60 

1.69 

1.83 

1.96 

2.09 

2.21 

2.33 

2.55 

2.77 



A 

1204.1 

1220.2 

IBS 

1268.2 


1319.3 

1344.3 

1369.2 

1418.6 

1468.0 



n 

1.5129 

1.5310 

IK IS 

1.5824 

■ hvM’ 

1.6323 

1.6550 

1.6765 

1.7168 

1.7541 

350 

431.9 

f 

1.33 

1.38 

1.46 

1.58 


1.81 

1.92 


2,22 

2.41 



A 

1206.1 

1223.9 

1244.6 

1272.7 

1298 7 

1324.1 

1349.3 

1374.3 

1424.0 

1473.7 



n 

1.5002 

1.5199 

1.5423 

1.5715 

1.5971 

1.6210 

1.6436 


1.7052 

1.7422 

400 

444.8 

f 

1.17 

1.21 

1.28 

1.40 



1.70 

1.79 

1.97 

2.14 

r 


A 

1207.7 

1227.2 

IRTT 

1276.9 


1328.6 

1353.9 

1379.1 

1429.0 

1478.9 


• 

n 

1.4894 

1.5107 

Im 

1.5625 


1.6117 

1.6342 

1.6554 

1.6955 

1.7323 

430 

456.5 

p 


1.08 

nn 

1.25 

1.35 

1.44 

1.53 

1.61 

1.77 

1.93 


A 

1209 

1231 

1252 

1281 


1333 

1358 

1383 

1434 

1484 



n 

1.479 

1.502 

1.526 

1,554 

1.580 


1.626 

1.647 

1.687 

1.723 

300 

467.3 

f 

0.93 

0.97 

1.03 

1.13 

1.22 

1.31 

1.39 

1.47 

1.62 

1,76 

A 


1233 

1256 

1285 

1311 

1337 

1362 

1388 

1438 

1489 



« 

1.470 

1.496 

1.519 

1.548 

1 573 

1 597 

1.619 

1.640 

1.679 

1.715 


18. COBSBTJSTION AIVD ITS EFFECTS 

The nmooBS of combuation is ekotbennic or heat Uberaling, and ooneii^ in the rapid 
iff psaotioallF only 2 chemical elements, C and H, either free or m cc wn h in ati op 

trith MMil other. l>hw natural fueU consist of these elmnaits ui the free state; tbiwo 
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senemlly combined in a eompiex mauwr. Hie fonoation of the compound took iUkee 
with the liboratiun or ubaorption of hefit, bo th&t when ^ fuel is burned there ie UbeAted^ 
not the quantity of beat which would result from the burning of an equivalmt quantit;^ 
of free C and U, but a greater or leas quantity depending upon whether the breaking up 
of the compound develops or absorbs heat. The heat op coueuarioN is then the heat of 
formation of the products leas tiie heat of formation of the ^pmpound. Xn engmeering 
calculations, it is generally sufficiently exact to consider^eat of combustion as equal to 
the heat of formation of products, inasmuch as in exact or test work the heat of combustion 
of a fuel should bo determined by calorimeter. 


Whan £t burns, the product is IIiO in the gaseous state, equal to 9 times the wt of H originally 
jwsSent. Usually the products pass off at a temp greater than 212* F, but at lowei temp the vapor 
will eondense to liquid, giving up 970 B t u per lb, or 9 X 970 B t u per lb of H. Hence, fuels con¬ 
taining H may have 2 beating values, the hiok value, when the products cool to less than 212*, ai^ 
Ac bCw VALUE, when they do not No definite rule caiats as to which should be used, nor is n 
material, provided there be a olonr understanding between the parties intoreateJ. Generally, the 
high values are used for boUer and other open fires, and the low values for explosive combustion. 
Tbs values found by calorimeter are high values. 

Table 26 givee heating values per lb and per eu ft at 32* F and 14.7 lb, for some simple sub* 
stanoee, and for common liquid and gaseous fuels. The latter are merely averages, but give a gen- 
end idea of what may be expeoted from each class. 


Jable S6. Hcctg of Combusdoa. 


(Selected from Lucke’a Engineering Thermodyn 



• l^nnbbl 

Cubslanoe 

High value B t u 

1 l.ow value B t u 

per lb 

percu ft 

per lb 

per cu ft 

CiH*. 

AcAtvInne.-. 

21 400 

1 529 

20 727 

1 578 

CAOH. 

Alcohol ethyl. 

13 246 

1 720 

12 100 

1 570 

CHiOH. 

“ methyl. 

10 203 

. 917 

9 113 

819 


Anthracite producer gae, av. 

2 043 

142 

1 935 

135 


Bensenc, av. 

17 976 

3 942 

17 305 

3 795 


Ttituminoue producer gae, av. 

2 280 

165 

2 160 

155 


Blast furnace gae, av. 

1 343 

109 

1 323 

107 

0 . 

Oarhon to OO.*. 

4 351 




c . 

'• •• CO 2 . 

14 544 




CO. 

Oarhon monascide. 

4 325 

338 




Coal gae, av.'... 

18 970 

60S 

17 023 

543 


Coke-oven ^le, av. 

IS 930 

642 

14 384 

580 

CiH*. 

Ilthane. 

22 027 

1 845 

2 d 260 

1 700 

C 1 S 4 . 

Ethylene. 

21 200 

1 700 

20 053 

1 595 


Oaeolene... 

21 300 

6 050 

2 520 

5 732 

C,Hm. 

Hexane..... 

20 610 

4 970 

19 195 

4 630 

Hi..V. 

llydrogm. 

60 626 

341 

51 892 

292 


Keroecne. 

20 100 

9 550 

19 000 

9 050 


Lignite producer gae. 

2 420 

172 

2 277 

160 

CH« . 

Methane. 

23 646 

r 066 

21 463 

960 


Natural gae (Kaneae). 

23 500 

1 050 

21 300 

950 


Oil gae. 

23 096 

996 

18 650 

804 

8 . 

Riilphiir. 

4 000 





WaW gae, av. 

7 825 

■■■357 

7 228 

330 


' ‘ “ corburetlcd, a'. . 

13 800 

719 

12 888 

670 


Begthcg value of a fuel. To compute it, the chemical analysis must be known. Hie > 
fractionel qtiantity of each constituent is then multiplied by its heating value, and the 
sum of these products is the heating value of the fuel. Analyses of solid and liquid fuels 
axe reported in percentages by wt, gaseous fuels, by volume. Coals are reported in 2 ways: 
proximate and ultimate analysis, the former ascertaining moisture, volatile matter, fixed 
carbon and ash, the latter the chemical constituents, C, H, S, O, and ash. As the char¬ 
acter of the volatile matter can not be determined, attempts to compute the calorific 
value of coals from proximate analysis are not very successful, the ultimate values bring 
griierally ua^. Following formula, by Lucke, applies with fair accuracy over a rathiu 
wide range of coals: 


G- 14 544<7 + 27 0Q0r 


1 - 


ft' ' 

f+o-s 


(46) 


I - 

•iTfliieh 0 - Btu per lb, C fractional wt of fixed carbon, V fractional w4 of 
''Voidtile matter. When ulti^te azudysis shows both O and H, it is assumod that 
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♦ 

M Jnucli of 13 i6 H m con chomioally oombino witii it, exist as water, and hence only 
the^Yemaining H is available as a heat ^ilkxiucei’.i Following formula, proposed by Am 
^ Soo Meoh Engs, is based on this assumption: 

Q - 14 600C+ 62 000 +40005 (47) 

in which ^ « B t u per IWf and\C, H, O, and 5 are the fractional weights of carbon, hydro* 
gen, oxygen, and sulphur per lb of coal. 

Bxantple 17. The oalonfic value of a coal was 13 000 by calorimeter. Proximate a&alyaie: 
moisture, 1.25; vol matter, 39.03; fixed C. 53.72; asb, 6.00. Ultimate analysis: H*, 2.47; C, 87.57; 
Ng, 1.09; 02,2.87; S, 0; ash, 6.00. Calculated values would be; 

(а) by Eq 46,14 544 X 0.537 + 27 000 X 0.39 fl-- 1 -1 - 12 750Btu 

^ t- 1.38 + 0.5-* 

(б) by Eq 47, 14 600 X 0.876 + 62 000 (o.0247 - 2:2H*Z^ _ 14 ogs •• 

(c) by calculation from ultimate analysis, 

14 544 X 0.876 + 60 626 (o.0247 - « 14 003 ** 

V H ^ 


. Sherman and Kropff found that the heating value of oils is a function of density, *«>! 
luced following expression, which is within 2 to 3% of the caiuriiuotric values: 

0- 18 650 + 40 (Bf. - 10) (48) 

Bi — deg on Beaum4 hydrometric scale, the usual mode of reporting oils. Stanton and Strong 
revised the constant in Eq 48 for gasolene, and Allen and Strong for kerosene: 

0 n 18 320 + 40 (Bi — 10), for gasolene) 

0 - 18 440 + 40 (Bi - 10), for keiosene j 
with an error of less than 1 % in all tests. 


(49) 


Example 18. Find heating value of the following gas high and low values: 

CO Hi CH4 C,H4 Nj O, COi 

7 38 40 3 8 2 4 


'Multiply quantity of each combustible constituent 
by its heating ' alue (see table). 

Results found are for 32° and 14.7 lb, since the 
heating values for the constituents are for this press 
and temp. For any other press and temp the value will 
be the above X 33.5 p -i- T, where p- press, lb per sq in 
abe, and T — abs temp F. At 70° F, the v^ues are 576 
and 527. 


High value 

Low value 

7 X 338 - 24 

38 X 341 - 122 

40 X 1 060 - 424 

3 X 1 700 - 51 

621 

7 X 338 - 24 
38 X 292 - n 1 

40 X 960 - 384 

3 X 1 595 - 48 
567 


Air needed for combustion is most readily computed from the chemical equations 
representing the reactions. The quantity required to satisfy the equations is that which 
is chemically necessary. But, in burning fuels, with the possible exception in the case 
of internal-combustion engines, considerably more air must be supplied completely to 
bum the fuel than is apparently required. The difference between these amounts ie 
termed the excess air. 


Chemical symbols indicate the amounts as well as the substances entering into a reaction. Thus 
the equation, CH 4 +20}— COj + 2 H}0 may be stated in words in 3 ways: (a) CH 4 (methane) 
combining with 0 forms COj and water vapor; (b) 16 lb 0114 combined with 64 Ib O forms 44 111 
C'O} and 86 lb water vapor; (c) 1 cu ft CTI 4 , combined with 2 cu ft O forms 1 cu ft CO 2 and 2 «u ft 
water viqior. Thus, not only does the symbol name the substance, but also gives the wt and vol 
reacting, as each symbol represents 1 unit vol, or the molecular wt of the substance in any units. In 
engineering practice the wt is taken in lb and the vol in cu ft. The molecular wt of any substance is 
the sum of the atomic wt of the dements forming it, taken as many times as they occur; CH 4 , for 
example, being composed of 1 C (atomic wt, 12 ) and 4 H atoms (atomic wt, 1 ), has a molecular wt of 
12 + (4 X 1) — 16, and the symbol CH 4 indicates 16 lb of methane. It should be noted that the 
moleoide of simple gas is composed of 2 atoms, hence 1 cu ft of H, O, or N is represented by Ht, Of, 
or Ng, and not by 11, O, or N. For atomic weights of the elements, sec Sec 37. 

As air » approx 21% O by vol, or 23% by wt, the air required to bum a substance is 
found by dividing the vol of O required by 0.21, or the wt by 0.23. Table 27 gives the 
air required per Ib or cu ft of different substances. 

To find the air required by a mixture of substances, it is merely necessary to find the 
sum of tile quantities of air needed for each constituent. In general it is simpler to find 
the wt^f air required for solids and liquids, and convert to cu ft if needed, and to find the 
Oi ft Heeded for gases and convert to lb. 
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Tafal* ST. Air Cheadcally &a«idrad for Comiiloto Coalmafieii 


Srmbol 

C,Hi. 

CiHiOH... 

CHiOH... 

CiH,. 

C. 

OO. 

CtH«. 

C1H4. 

CiHm. 

Hi. 

CH«. 

B . 



1 Ibraquirea 

1 cuftisquirca 

Buhrimwpo 

ou ft 

lb 

eu ft 

Ib 

Acetylene.... 

165.1 

13.3 

11.95 

0.96 

Alcohol, ethyl... 

112.0 

9.0 

14.34 

1.17 

“ metii^. 

80.5 

6.5 

7.17 

0.58 

Anthrscite prndurcr gsa. av. 

14.4 

1.16 

1.00 

0.08 

Bmsenc. 

165.1 

13.3 

35.84 

2.09 

Dituminouf producer gas, av. 

14.4 

1.16 

1.00 

0.08 

Blast-furnace gas, sv... 

0.9 

0.73 

0.73 

0.05 

Carbon to CO. 

71.6 

5.8 

“ •* CO|. 

143.1 

11.6 



" monoxide.... 

30.6 

2.5 

2.39 

0.19 

Coal gas. av. 

157.5 

12.7 

5.01 

0.40 

Cokc-ovsn gas, av.. 

133 2 

10.9 

3.43 

0.44 

Ethans... 

200.2 

16.2 

16.73 

1.35 

ICthjrlmiM... 

184.9 

14.9 

14.34 

1.16 

Gaaolsns...... 

168.6 

15.2 


4.26 

Hexane. 

Hydrogen. 

188.6 

429.2 

15.2 

34.6 

Ksm 

3.66 

7.\U 

Kerosene... 

167.3 

15.1 

88.71 

lignite nroducer gsa, sv.... 

18.6 

1.5 

1.31 

O.lf 

Methane... 

214.6 

17.3 

9.59 

0.77 

Wiitiml |ritf (Ksorasl. 

211.0 

17.0 


0.76 

OtI gu, »»...... 

183.0 

14.9 


0.92 

Suiphur. 

53.3 

4.3 

Water gaa, av. 

48.4 

3.9 

2.15 

6.17 

** “ carburetted, av. 

110.5 

8.9 

5.98 

0.48 




Bamplo to. Find the air required to combine chemically with 1 lb coal, the ultimate analyaiB of 
which ia given under Example 17: 

(e) By chemical equationa: 

Hi + O - HtO C + Ot ^ COi 

2 + 16-18 12 + 32-44 

hence 1 IbBirequirea 81b 0|, and 1 lb C requhfea 82 12 lb Oi; therefore, the O required by coal per 

Ibia 

( 0.0247 - X 8 + 0.8787 X (32 + 12) - 2.51 lb 

and the air required ia 2.81 + 0.28 — 10.fi lb. Should the vol be required, the wt is multiplied 
by the eu ft per lb at the preaa and temp desired. 

(b) By Table 27, 

( 0.0247 - 2:^51) X 84.6 + (0.8787 X 11.6) - 10.8 lb 

Btample 20. Find the air required for chemical combination with a gas, the analysis of which ia 
given under Example 18: 

(a) By dtemioal equations: 

CO + O-COi Et + 0-H|0 CH 4 + 2 O 1 -CO 1 + 2 H 1 O C 1 H 4 + 3 O 1 -2C0| + 2H|0 
l+a6-l 1 +0.8-1 1+2-1 + 2 1+3-2 + 2 

hence 1 cu ft H| ot CO requires 0.8 eu ft Oi, 1 euft CH4 requires 2 eu ft Oi. and 1 eu ft (TiHi requires 
S eu ft Oi: therefore, the gas requires 

(a07 X 0.8) + (0.38 X 0.5) + (0.4 X 2) + (a08 X 8) - (0.02 X 1) - 1.096 euft0|, 
and the air needed — 1.088 + 0.21 — 6.22 eu ft. To convert to lb, multiply by tire density at the 
existing press and temp. 

(b) By Table 27. 

Air *.<0.07 X 2.88} + (0.88 X 2.39) + (0.4 X 9.69) + (0.03 X 14.84) ■> (0.02 + 4.8) - &28 euft. 

Wt air iwr lb fiiel •" 11.5 C + 34.6 H (approx) (6(0 

The above expreaaioiu and methods are useful in finding the air chemioally required. 
The actual quantity of air for combustion is found by analyns of the fiue gas. Then, the 
air required per lb of C is determined by Eq 51, for fuels oontadning but little H; when 
there !■ much H, the relations are too oompln to be of much use. 

Lb of air per lb C - (3 Ni + 0.165 Oi) + ((X> + (X)|). (61) 

where Ni, Os, (X>, and C!Oi are percentages by vol by flue.|^ analyais. 

ffrodaela formed by o e w b wfifm «e ohi:^ (^ 1 , water vmxx'* tuxl N from the air. 
excess air is ussfl thl* if alap found in the products. When insufficient air is sop- 
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pUiMl; it i» imiNMabie to predict tiie anelyne of the inoduote, beoMiw liw 

quantity of the availsNe air received by each combuetiUe can not be foretold. 

Banple tl. Compute the produete of eombation for the fuels of Etample 19 tor the eeee of 
^Moemary ad irf twee the necemsry sir. JVom the equations, 1 Ib C makes 44 -i- 12 tb COi, ad 

^ ® “ 0.222 lb HjO + (44 + 12) X 0.8767 - 3.211bG0^+ 

aOlM lb Ni from f^. ud 0.77 X 10.9 - 8.4 Ib N» from air. With 100% eaoese air. the water vapor 
i*!- tU .5?. * "* eame, and the N from the air twice as great, and thm wfll 10.9 X 

0.23 lb of O from the excess air. 

Loai dne to ineomidete combuitioa of C to CO instead of CO* is found from flue oas 
analyaiB by Eq 52: 


Loss (B t u) due to vmbumed CO per lb C • 10 103 

Rrodueer reactions. Gu producers produce a combustible gas from sdid fuel, u 
coke, athraite coal, ad to a less atent from luttuninous coal, lignite, etc. The nearer 
pure carbon the fuel, the better the result. If the producer falwt be air alone, the reactions 
C + O ■* CO, C + Oj == CO2, and COj + C *= 2 CO; if with steam alone, at a 
contmuous process, the reaction is C H" HjO CO Hj; or steam and air may used 
together, in which case the composition of the gas formed is too complex to discuss here (1). 

Final temp and press due to combustion. Combustia may take place at either 
cAlrtiat press or constant vol, explosively or nonexploaively, a rise in press being char* 
adwristio of explosive combustion, but at necessarily defining it. For explosive com- 
bu^on a mirtiuw of fud ad O, with or without neutral gases, as N, must be present ad 
intimately mixed, a that a flame once started proceeds rapidly throughout the mail 

A rise in temp always ooours, but which can only be estimated, because of uncertainty of apedfie 
heats ad other phenomena. Mode of procedure is to apply correction faotore found by experience 
to the hypothetical results computed. Temp rise due to combustion is 

q — tl ■■ C r~-~ , for constant vol (o) I 
0.17vf I 

o I (« 3 ) 


f»- tl - C; 


■,for constant press 


where (1 rad ts are the initial and final temp, Q the heat liberated, u> the wt of products formed, rad 
C a oonatrat. Value of C lies between 0,46 and 0.56 tor both furnace combustion and gas-enidne 
work, when there is about the chemically correct amount of air, but it has higher values for excess 
air. The vol rad presa ohragee due to combustion are 

where Fi, Pj. Ti are the original vol in ou ft, preas in lb per sq ft, and temp in deg abe; Vt, Pa, Ta 
the final values, Q the heat liberated, C the constant as above, and ur the wt of prcduote. The press 
rise is more conveniently expressed by 

Preas rise, „ 72 3 c press, lb per sq in abs N / B t u per cu ft of mixture N . . 

lb per sq in v initial temp, “ F abs / > at 32” F A 14.7 lb abe ' 


Temp of ignition is the temp to which a substance must be heated before combustion 
takes place. Experiments by Falk and others indicate that this temp is not constant. 

Falk proved that for gaseous mixtures, it varies with the proportion of gas to air. He gives fcdlow* 
lag v^ues, as true over a 100% range of proportions: 

Ignition temp of gastdene mixtures with air. 986” F 

** “ alcohol .. 1292*F 

Beyond oertun limits of the air*gas ratio, mixtures will not ignite. Table 28 gives this limit for 
several gasea, expressed in terms of the percentage of detonating mixture which must be present for 
ignition to occur. By saroNATiNO mixtubx is meant the combustible portion of fuel jdus tiie O 
ubemiesUy required for combustion. 

Table S8. Percentage of Detonating Mixture in Total Air-gae Mlxtnra at 
Explosive Limita of Proportion (Bunte) 


F<w excess 

gas 




For exo 
air 


For exoces 
gaa 


Ethylene 
Alcohol., 
Methane 
Bensene. 
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IUt« of eomfraotioii of coal is controlled by the draft. Following relation (1) hoUi 
for amall-eiaed anthracite and bituminous coal: ^ 

Lb coal per eq ft grate surface per hr » CVdraft, m of H»0 (56) 

where C has the following values: anthracite rice, 17A: anthracite No 1 buckwheat, 
24.5; anthracite pea, 31.5; semi-bituminous, 50.2; bituminous, run-of-mine, 61.0; 
bituminous, slack, 59.3. 

Effldeney of combustion in furnaces is the ratio of heat developed to that contained in 
the coal; sometimes termed furnace effic, and ranges from 80 to 95%. In producers, the 
effie is a matter of gasification, and is the ratio of the heat in the gas from 1 lb of coal 
to the heat originally in the coal (Sec 37, Table 12). 


14. HEAT TRANSFER 

Except in the burning of explosive mixtures, heat-is practically never developed in the 
substance heated. In all other cases, heat must be conducted or transmitted to the desired 
point, generally through separating walla. Flow of heat may be grouped in 3 classes, 
internal conduction, radiation, and convection. 


Table 29. B t o Transmitted per Hr per Sq Ft per Deg F Difference in Temp 

per In Thickness 


Substance 

K 

Substance 

K 

Air. 

0.1405 

Limestone, 


Aluminum. 

966(1 + 0.0003 (t - 32)) 

marble, calcite, 


Antimony. 

128 (1 - 0.00058 (t- 32)) 

dolomite, etc.... 

13.6-16.2 

Asbeetos paper. 

1.245 

Magneua. 

0.45-1.3 


51 (1 - 0.00041 (t - 32)) 
0.435 

Magneeiupi. 

1 090 

Blotting paper. 

Mercury. 

0.0148-0.0189 

Braes yellow. 

592 (1 - 0.00136 ((- 32)) 

Micaceous flag- 


red. 

713(1 - 0.00089 (t - 32)) 

stone 


Cadmium. 

638(1 - 0.00039 (( - 32)) 

along cleavage. . 

18.3 

Carbon... 

1.32 

across " 

12.8 


0.145 

Nickel. 

412 


0.0891 

Paraffine. 

0.66 at 32* to 4.88 at 212* 
i 1.3 


1.45 

Pasteboard. 


1.23 

Petroleum. 

1.03 

Chalk. 

0.58 

Plaster of Paris 

2.03 

pAiMtiantin. 

1 565-1 855 

Platinum. 

483 

Copper. 

2 080(1 - 0.00003 32)) 

Portland cement... 

2.06 

rSnl'.l’rbn vof^. 

0.125 

Quarts. 

1.04 

. 

0.0957 

Sand. 

2.7 

Cork. 

2.08 

Sandstone. 

15.8-16.4 


0.377 

l.l 

0.252 

. 

0.348 


Silver. 

3 180 

Felt. 

Slate. 

FSrebriek. 

0.81 

along cleavage. . 

16-19 

German lilvet. 

203 (1 - 0.00148 0- 32)) 

across “ 

9.2-10.4 

Glam. 

3,2-6.7 

Snow, packed. 

1.48 


(5.6 

Soil. 

0.96 dry, 4.6 wet 

180-320 


0.122 

Steel. 


6.47-16.48 

Strawboord. 

0.871 

, 1 f ..... .. 

507 (1 - 0.00083 0- 32)) 
600 

Tin. 

443(1 - 0.00038 0-32)) 
3.5-6,5 


Water. 

Lead. 

242(1 - 0.00048 0 - 32)) 

Wood 

Leather (cowhide).. 

1.22 

cross ccTAin. 

0.261 


0.84 

with grain. 

0.871 


Zinc. 

443 


Internal conduction is the passage of heat along a bar of any substance, from a hot to 
a cooler sone. In tins case, the characteristics of different materials are fairly wdl lomwn. 

ValtMe for common substancM are given in Table 29, in which K is the B t u tranemitted per hr 
through a date 1 ft equate and 1 in thick per deg difference in temp. K ie not eonstant, but varies 
with the temp in a linear relation; that is, Kt "• JCufl + a(t — 32)]. Where value of a is known, it is 
livott iuTable 29; when not given, the single value found must he used regardless of temp. For great 
temp rdUge, i^e mean value of the coeff must be used, the mean value ot K between 2 points being 

fw (l +1 [«l - 82) + <fi - 82)l), 
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hniMtlMbMtfiowtbrouchabodybyiiitwasleonductioaia " 

Q - y Jfli (l + ^ («$ - 32) + (ti - 32)]) ft, - <0. ' (57) 

where Q •> B t u per hr. A oroBMee of path in aq ft, I length of path, in, Ktj » coeff at 32” F, 
ti « high temp, (i low temp. Temp t, and i, must be taken in the body itself; not in the fluid 
surrounding it. 

JUdUtion of heat by a body is the transfer of heat from a hotter to a cooler body, 
without warming the intermediate space. Most common example is the sun’s heat, 
which warms the earth, but not the intervening medium. The permeability of different 
materials to heat waves varies as with light waves, but a substance easily passed by one is 
not necessarily passed by the other. The most accepted law for heat radiation is that of 
Stefan and Bolzman; the heat radiated from an incandescent body, black when cold, 
vaiiies as the difference of the fourth powers of the temp, thus: 

B t u radiated per hr per sq ft ■- 16 X 10~‘* (Tj* — Ti*), (68) 

where 7*, ■■ abs temp F of the radiating, and Ti » that of the recoiring body. 

Prsctioally the only black body (that is, one which is 100% efBcient in absorbing heat rays and 
reflecting or transmitting none) is carbon, the crystalline form excepted. All other bodies reflect 
some heat and fail to radiate to the same extent. As radiation increases with roughness and dark¬ 
ness, surfaces from which radiation is not desired are frequently polished. Table 30 givM relative 
radiating and reflecting power of different substances, compared to carbon as unity for radiation 
and aero for reflecting power. Of course heat rays striking at an angle are partly reflected, and tor 
small angles nearly all the heat may be reflected. 

Table 30. Radiatioa and Reflection CoeflBcients (Kent) 


Substance 

Radiating 
or absorb¬ 
ing power 

Reflectiog 

power 

Substance 

Radiating 
or absorb¬ 
ing power 

Reflecting 

power 

Brass cast. 

■m 

mtm 

Ivory 1 






Jet f. 

0.93-0.98 

0.07-0.02 

Carbon, porous. 



Marble) 


Carbonate of lead. 


0.00 

Mercury. 

0.23 

0.77 

Cast iron. 


0.75 

Platinum, polished. . . 

0.24 

0.78 

Copper, hammered.... 


0.93 

*' sheet. 

0.17 

0.83 


0.14 

0.66 

Silver polished. 

0.03 

0.97 

riioM .. 

0.90 

0.10 

Steel ' *' . 

0.17 

0.83 


0.05 

0.95 

Tin. 

0.15 

0.85 

Tmi. 

0.85 

0. IS 

Wrought iron. 

0.23 

0.77 




Zinc. 

0.19 

0.81 


Convection is the actual conveyance of heat by the movement of particles of a sub* 
tance. The most important example is the heating of water in vessels, where the heat 
applied to the bottom is carried up through the liquid by the particles of water, which, 
on becoming wanner, grow less dense and tend to float or rise through the mass being 
heated. Convection can occur only in liquids or gases, substances in which the particles 
are free to move, and as radiation and conduction generally take place at the same time 
it is difficult to isolate the convection effect. 

Heat transfer between aeparated fluids. When heat flow passes from one body to 
another, a hig^ resistance to flow is encountered, even a carefully-made joint being equiv¬ 
alent to several inches of the bar itself. Hence, boiler seams are not allowed in contact 
with the fire, because the high resistance of the joint would prevent the carrying away of 
heat fast enough to prevent the fire side from overheating. Between a piste and a fluid 
a fiLm adheres to the plate, causing high resistance; by reducing this, agitation of tiie 
fluid or high velocity increases the rate of heat transfer. 

Osnerally, in heat transfer apparatus, there ie high resistanM to flow on one side or the other of 
the eeparating wall, and but little improvement is realised by agitation or similar effort on the low- 
resiatanee aide. In boilers, for example, the high resistanee lies between the gases and tubes, and 
^ort spent on the water ride avails little. The total reeistanoa to heat transfer is therefore made up 
ct thd nektanoe of the materials through which the heat must pass, plus the joint reeMUnoes, plus 
the film rarietanoee, of which the valoee of very few can be determined. Considering a bmler tube, 
the path k me<to up of a layer of soot and ash of unknown thickness and conductivity, a film reskt- 
anee between tiie gases and thk, a jmnt resktanos between the soot or ash and tube, the tube itself 
and a tfm msktanw bstween tube and water. The practical solution of such a problem employs a 
eoCS of heat tivnsmksion experimentally determined for various frequently-oceurring conditions, 
and iacluding ell the separata raakteaoea and radiation and convection effects. Such coeff, tenarally 
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d«aicaftt«4 by U, nprfMM th« B t u tniiMiitted per lur par sq ft of anrfMe par dec differaaae ia toaos), 
naaaurqd iatiia saparatad fluida, one of wliidb ia reoaiviac liMt from the other. Viduae of (7 in mmr 
praatiaa are ia Tahte 81. The heat traaamittad pm hr Ja 

Q^AVtm. (89) 

arhara Q B t o par hr. A area io aq ft, Z7 ■■ aoaff, tm — maaa tamp diffwenaa batmaa the Baida. 


ThUa 81. Coeffldents of Hoot Troaafer V. AToiogos Uood ia Proctico 


Giving heat 

Receiving heat 

IQSSSSSSSI 

Liquid boiling 

Gas wamdag 

Lfapdd cooling. 

50-75 

f 25-501 
( 100*/ 

2-6 

Goa cooling. 


2-5 

2-5 

Vapor condensing. 

IHlESSnill 

HUDuIaUHl 

400-600 

2-4 


* High liquid velocity or agitatioo. 


Moon tosnp dlfforoneo ia merely the difference between the hot and cold fluids, if 
throu^out each the temp be constant. But, in most cases the temp of one or both is 
rihMiging in aocordonce with which one of Ihe 4 possible oases shown below is bdng 
oonside^: 

Substance losing heat may be Substance receiving heat may be 


(а) at constant temp at constant temp 

(б) “ " " rising in temp 

(e) falling in temp 

(d) “ “ at constant temp 

Case (c) may occur for either paralld or counter-current flow; in the former, both 
fluids entw at same end of the cystem, the final temps approaching the same value; in 
the latter, the fluids enter at opposite ends, final temp of one approaching initial of other. 
For oases where either or both fluids are changing in temp. 


Mean temp difference 


Initial temp difference — final temp difference 


Nap log 


( Initial temp difference 
Final temp difference 


( 60 ) 


bUBple flS. A Bolutioa the si>eeifio heat of which is 1.2 is to be heated to 170* from 00* by 
eihaast steam at atmoa press and 90% dry. Find the surface required to heat 80 000 lb per hr, also 
the steam needed, negleating any heating by condensed steam. 


ByBqOO, 0 - 80000 X 1.2 X 110 - OOOOOOOBtu 

Heat per lb steam - 970 X 0.9 873, and lb steam - - ^ ^ • 7 880 

8T3 


FromTablsSl, Cf- 180 to350, say 300, and from Eq 69, A - - 256aqft 

300 X So 

Baample 18. The same quantity of the same liquid as in Example 22 is to be used ae It ooob to 
beat bail».feed water, by passins the liquids in a counter-current direction through ooneentiic 
pipm. 10 000 lb of water per hr are to be heated from 50* to 150*. Find required heating surface; 
also the required surface should it be desired to raise the final temperature of the feed water to 100*. 
Ihe heat required to be transmitted will bo 10 QOO X 100 » 1 000 000 B t u, hence fall in temp of 
sdutica will be 1000 000 + (50 000 X 1.2} - 16.7*, and final temp wiU be 188.8*. 


By Eq 60, tm 


(183.8 - 50) - (170 - 150) 

N.plog('i^i£^) 

•P *** Vl70 - 160/ 


80.8 


ftom Table 81, assume CT *> 60, whence from Eq 69, A ■■ 1000 000 H- (60 X 80A) ■■ 888 sq ft. 
Fcrsseendceee, 0 1100000; final temp of sd 151.6; tm — 89.8; A ■■ 464; showing thelwge 

iUPMSa in area needed tm increased final temp of the cdd liquid as it approaches the initial temp cl 
^fcet liquid. 

•• Copidtjrof b<fllan and other hoat-troagfor apporatot ia uaually ^ireased in Boixdm 
■oaaspowsB(bhp). Abhpwaaoirigmallyaasiunedtobeaucht^taboilflrofaoorteiix 
.;bp wpttld aupply onou^ steam to run an mtgiiie of ^ some bp. The term beeame too, 
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iiul«finito, Miioe aoginM differed widely in ooiunimptioa of*rteem for 1 hp, tlie foUowing 
definitioBS were adopted by the Am 800 pi Meoh Enge: 

1 bit p "• 34.5 lb eteam made at standard atmoe press, or temp of 212* P per hr from 
feed water at 212* or 33* 305 B t u absorbed per hr. 

Oricinally these terms were equivslent, but later investigations show that if the first definition is 
true the seooad shordd be 83 479 B t u. 1%e first is generally used. For ordinary feed-water temp 
and steam press, 84.5 Ib from and at 212*, as it'is termed, do not differ greatly from 30 lb imder eom- 
moB oonditions, and this being an even number is generally used ns the h p unit for rating bikers, 
feed-water heaters, oondenaers, etc. That is, a feed-water heater of 100 b h p eapaaty will heat 30X 
100 B 8 000 lb water per hr. Boilers require from 10 to 12 sq ft of heating surfaoe p«r hp, dependi^ 
on type, and are frequently rated by dividing the aq ft of heating surfaoe by these numben. 

Bfldoncy of * boiler is the ratio of the heat absorbed by the water or steam to that 
in the coal and may be separated into 2 parts: 

(a) Furnace effio — heat liberated -f- beat in ooal ] 

(b) Surface effic ■■ beat absorbed -t- beat liberated [ (61) 

(c) Total boiler effio ■■ o X b « beat absorbed -f- heat in oodj 

Boiler effio defined above is sometimss designated as boiler and fumaoe eflBo. Among the losses 
tending to rednee fumaoe eflBo are ooal lost to ssh pit, carbon burning to CO instead of COs, H, and 
hydrooarbona paesing out of stack unburaed; that tending to reduee surface effio is the aensiUe heat 
of the etaok gaaes above the room temp. For deeoription of a complete heat balanoe, defining each 
leas and a manner of determination, see (18). 


IS. ENTROPY AND ENTROPY DIAGRAMS 


. Daflnitiona. Just as work may be expressed as the product of press and toI change, 
when these quantities are expressed in proper units, so may heat be expressed as the 
product of temp and the change in a quantity termed entropy. One of the beat definitions 
of entropy is that it is "heat i>er degree of temperature.” In engineering calculations it is 
the OHAHoa nr bntroft during a process, rather than the abbo- 
Lirra aMTBorr at any one time, that is important; hence any 
arbitrary aero of entropy may be chosen. 

For steam work the sero generally taken is that of 1 lb of water at 
82* F, and in steam tables (Art 12) the values given are above that valua 
aa a baae. For ordinary work on gases the point in the prooeaa having 
tire least entropy is aaleoted as the aero. Entropy is usually designated 
by the Greek letter 4 , and a diagram drawn to temperature-entropy 
eoordinatee is the T 4 or heat diagram, preeiaely as one drawn to P-V 
eowdinatss is the P-V or work diagram. The area representing the 
amount of heat tiianga during a prooeea is the area under the ourve down 
to line of sero temp, this quantity being expreeaed to the absolute aoale. 

*]%ua, in Fig 23, tlw heat change from A to B is represented by area 
ABCD. 

Cluuigc in entropy, being the change in heat divided by the temp at which it ooeura, 
is aimply expressed if the change takee place at constant temp. If the temp is also 
changing, a differential form is required, for which a relation between heat and temp is 
neoeasary. This is fotuxd in the quantity known as specific heat, and the change in entropy 
is found by integrating. The reaults are given in Eq 62 for constant specific heats, tiie 
expressions resulting from varying spedfio heats being too complex for general use: 



^ — Si vtQ T, for oonatant temp 

St — Si w Nap log (Tt * Ti), for water (ep ht 1) 

St — Si ** wCt Nap log (Tt + T]), for gaaea at oonatant vol 
St - Si - w^pNnplog (Ft + Fi) ” .. preto, 


(« 2 ) 


For superheated vapors the values for gases may be used with fair accuracy, especially 
for high degrees of superh^t. The four commonest processes, isothermal and adiabatic 
espanskm constant {wess-vol change, and constant vol-press idiange for gases, are shown 
in Fig 24 to P-V and T-^ coordinates. 

TffBp*tsttirc-entropy dia gram. For vapors 2 entropy diagrams are used, the temp- 
entnq^y the B t u-entropy or MoUier ffiagram. 25 diowa on a small scale the 
tetflsi-entropy diagram for steam. 

The liquid Une ABW r eptsss ut t the heating of wat« from 82* F, tiie atsa below H danetfatf the 
heat mqi^^ or the beat of the Uquid at any point above 82* F. linas Bff, W(P, ate,, rs pw se nt 
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•iMUMBAkiiig at oonatsat t«mp, 4^ «re» under nny horin line denotinc the Intent hent nt dint 
tenp. The third group CiD« C'A', eto,MpreMnteeuperhentingnteonatnntpreeB. Linen of eonatnnt 
voli; eonatnnt quniity or ponetnnt hent nwy also be ndBed (omitted from this dingrnm for olenmene), 
Adinbntie expnneion or eomprennon is represented by n vertienl line; one of the chief usee of the 
dingrnm is to determine the quniity after nn ndinbntic change. The length of any of the horisontnla 
BC is equal to the intent hent divided by the temp. Should the steam be wet, all of the Intent hisnt will 
not bn^ised: hence the line will be shorter and C will move to the left to some indefinite position X. 




Then ns BX is proportional to the quantity of latent hent used, and BC to all the latent hent for the 
same tveas, BX + BC is the percentage of steam present, or the dryness fraction, and XC + BC 
the percentage of moisture present. The quality after any adiabatic change can be quickly deter* 
mined by projecting from the original point up or down on the diagram. For example, if adiabatio 
expansion occurs from point C" (representing dry steam at some press), when the press drops to Y 
the quality will be A' K + B'C', and when pressure Z is reached, the quality will be BZ + BC. The 
diagram shows that adiabatic expansion of dry steam causes wetness, expansion of superheated steam 
cabses loss of superheat, and expansion of very wet steam causes drying. Compression under the 
above conditions causes the reverse action. For more complete description see (1). 

MoUiar ditgrtm for steam, drawn to as large a scale as possible, is shown in Fig 26. 
This, named from its originator. Prof Mollier, is of much wider use than the temp-entropy 
diagram. On it, horizontals are lines of total heat; verticals, lines of constant entropy; 
lines nearly horiz but sloping toward the lower right-hand comer represent constant 
quality, and lines making an angle of more than 90° with them are lines of constant press. 
By projeotiag to the side from the intersection of a quality and press line the total heat 
may be read directly, or the entropy by projecting downward. Adiabatic expansion or 
compression is represented by a vertical line, constant total heat by a horiz. 

The greatest use of the diagram is in solving Rankine-cycle problems (Art 16) for 
effio and.for velocity of steam jots. To find the work done in a Rankine cycle it is merdy 
neoessaiy to read the total heat corresponding to any given press and quality, project 
from the original point downward to the line representing final press, read the total heat 
at this point and subtract the two. The final quality needed for determining m e p is 
found from the nearest quality line intersecting the final press line. ______ 

As exp^ned in Art 2, the velocity of a jet is substantially equal to v^2 g X work and 
as the work is readily found by the Mollier diagram it is customary to add an extra scale 
giving velocity directly for any total heat difference. 

Xxaayls M. Find the quantiiiw required in Example 26 by means of the Mdlier diagram. 

Heat originaUy in steam, per lb 1 248 

•• finally .- 1045 

Wmk per lb. 203 B t u 

Final quality. 90% 

Jet velocity. SltfOftpersee 

Reasainias quantities are found as in Ex S6. For diseussion of the Rankine cyeto and method of 
eolotikm edthout ^e Mdlier diagram, sad Art lA 
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The Mollier diagram ia tiaeful alao for finding tlw quality of ateaZD by ^ throttling 
calorimeter. The temp and preaa of ateam are read cm the low>preaa (geaerally atmoa* 
pheie) aide cd aa orifioe through whioh the ateam haa mipanded, amd aub^uentiy tuought 
to raat, behtf the equivalent of constant total-heat expanaion. Knowing the tepnp and 
preaa cd the ateam at the low preaa, the amount of auperheat for thia oonciition ia.readily 
found; if there be no superheat at this point this method of obtaining the steam quality 
ia not applioable. When the degree of superheat and low press are known, a point may 
be found on the diagram and, projecting horisontally (at constant total heat) to the hi^h 
preaa, the quality line passing through the interaeoticm of the horia and hi^-preas line 
gives title quality at the h^h press. 

Baampi* M. In a throttliog.ealorimeter ehambw, attadhed to a steam line in which the p rase 
was 110 lb gases temp after expanaion was 222* F, and the preaaure, atmoepberio; situation, aea 
leveL Determine the quality in the line. Preaa at sea level, 14.7 lb aba, and saturadon temp ■■ 212* 
F, hence 10* superheat. Projeetiag from 14.7 and 10* on Mollier diagram horisontally to iateneot 
with (110 -f 14.7 lb) shows quality to be 00%. 


16. HEAT CYCLES 


Daflnitioiia. Work ia alwssrs done at the expense of heat. During the jnooeao some 
beat may or may not be added; if none is added, the work must be at the expense of the 
lu^t already oontamed in the substance, and hence the decrease in this heat content ia 
exactly equal to the work done. The energy stored up or contained in a body is internal 
or intrinaio eneivy, and may be reckoned above any arbitrarily-chosen aero. As with 
entropy, however, it ia the change in intrinao energy during a process, rather than the 
absolute quantity at any one time, whioh ia of interest. If, while work ia being done, 
heat is added, t^ difference between the added heat and work done is the ohuige in 
intrinaio energy, and this relation is one w^ of expressing the first law of thermody¬ 
namics. It appUea, of course, only to reversible processes. 

For a complete cycle the intrinsic energy is the same at the end of the process as at 
the b^pnning, or the change ia aero; hence, all the work most have come from the heat 
added during the (Afferent phases. As heat ma^ have beton abstracted as such at some 
part of the cycle, or work added as such, the term added heat must be the net heat added, 
or the algebraic sum of the heats added; similarly for the work done; hence. 

Work done in any complete i^cle Heat added — heat abstracted, (68) 
and as the effio of any thermal cycle is the ratio of work done to heat supplied, 

Effio of any complete cycle ■■ 1 — (Heat abstracted -f- heat added) (04) 


• Staam-enfiiM ^dss. In Art 3, the action of ateam in a cylinder was deaoribed on tiie 
basis of preaa-voluma analysis. It can also be dealt with on the basis of heat-cycle 

analysis, and expresdopS for effio and map derived 



in thia way. For tibe phases of constant preaa, 
admission and exhaust of the P-Y diagram are sub¬ 
stituted for the equivalent constant preas-ved eshange 
processes of steam making, with possible superheating 
and condensation, on the heat diagram. 

Two standard oydes represent the ideal ateam 
engine process, the Carnot and the Bankine. Both 
are shown to P-V and T-^ coordinates; the former 
for dry steam only in Fig 27, the latter for iret and 


Slg 27. The Carnot Cycle dry steam, and steam with different degrees oS super¬ 


heat, in Fig 28, as follows: 


ABCD, initially wet, finally more wet: ABCiy, initially ffiy, finally wet; 
nitiaUy superheat^, finally wet; initially auperhmted, finally dry; 

initially superheated, finally supwheated. 


Carnot cycle, which aasumes complete adiabatic expantion and compreation, wat 
Inmsrly universally accepted as standard, chiefiy because it wras the most dIScient cycle 
between any 2 temparatures, and hence for steam pressure limita. Ite effio depends only 
an the temp, ot, 

Camot-cyde effio w (Ts -* Ti) 4- Tg <06) 


vhere Yt and STi are the high and low abs temp, respectively. 

cyde assumes complete'adiabatic expansion, but no com pr es si on, and ii now 
ttilfilMy ueed aa e etandard of com p ari s on, chiefly becauae it repreeents «t efllc more neeiiy 
i^nable, ie equally appUeable to eupeiheated and to dry eteam. and servaa as wdl for n 
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baaii for turUno work «a for eagine work, featurot not poaMswd by tho Camot. Zkiginea 
aro Bpokon of as att ain i n g a oartain fraotion of the Raaldne cycle possibility* 

In Hg 28 the oonetant-vol, pren-Hse line of the P—V diagram is represented on the ^a* 
gram by a liquid heating linOf whieh is substantially a eonstant-vtd laooess. Heat is added from A to 
B aaAthen from B toC,C', eto, as the ease may be* acUabatie expansion follows to D, D% eto* and 
finally heat is removed from D, D\ etc, to A. Considering one case only, that of ini tisliy steam, 
for example (as the rest are similar), the beat added is tfc' ~ Ba. that removed Hd' - HAf sad 
the work done is (H(f — Ba) — (Bo’ — Ha) or He" — Bo’. Tlius, the work of the Sankine ^olo 
is merdy the difference in the total heats at beginning and end of expansion. That at beginning is 
readily found from the steam tables (Art 12}, when the initial press and quality are known, or from 
the MolUer Diagram (Fig — 

28), The final quality is not 
known, but can be computed 
or more readily obtained di¬ 
rectly from Fig 28. For 
methods of computation, see 
Example 28, Effio will be 
(He'-Bo') + (He' - Ba), 

Ha being the heat in the 
liquid at beginning of the 
cycle, or at the temp corre¬ 
sponding to the back press, 
and may be found from the 
steam tables. The m e p is 
the work done divided by 
the vdl change, and since 
originally there is only liquid 
present, the vol of which 
may be neglected as it is very 
small compared to the find 
vol, the vd change may be taken as equal to the final vol. This quantity is the tabular value 
(from steam table) times the quality, if wet, and times the actual temp divided by the saturation 
temp, both absolute, if superheated. Rankine cycle applies equally to turbines, and all of the abo%'e 
except the expression for m e p applies equally to both piston engines and turbines. But, there is 
one more quantity applicable to turbines only, vis, th e veloc ity of the jet. Conside ring 1 lb cd steam 
and a sero initial velocity, the final velocity will be V2 gW' or 8.02 V//c' Bo'. These expres- 
sionB are grouped in Table 32. 



Table 8S. Ra&kine Cycle 


Work . 

Hi - //» 

{Hi - «j) + {Hi - Ai) 
778(^2- Hi) + MtFs 

2 545(7/2- Hi) + (H 2 - H|) 

2 545 -I- {Hi - Hi) 

• 1 • 1. 

hi e p (lb per sq in). 

Heat consumption per hr per h p.. 
Steam consumption per hr per h p 
Jet velocity. 

V(Hi - Hi) X 778 X 64.4 


H\, is the heat in the liquid at the low press; Ut, the heat in the steam prior to expansion; Ag, 
the hMt in the steam after expansion. , 

The thermal affects of change of initial press, back press, superheating, jacketing, and reheatmg, 
in a steam engine are beet seen from examination of a T-o diagram of a Rankins cycle. In Fig 20 (a), 
ABCD represents a cycle between the pressures of 100 lb and 20 lb, the area being proportional to tho 
work of 1 lb of initially dry steam. AB'C'D shows the cose for an initial press of 180 lb, all other 
r on di*S o ns hf . i" g the same, the gain in work being BB’C’C. A'BCD’ is the case of the origii^ initial 
press, but with back press lowered to 1 lb, tho gain in work being A’ADD'. Thw, the gain in t^ 
latter ease is considerably greater than in the former, although the change in press is less. Efficioncies 
in the 3 eases are: ABCD + EABCF, AB’C’D + EAB'C'F, and A’BCD' + E'A’BCF. IncreM of 
initial or decreeae of exhaust pressure both tend to increase the efficiency. Complete expansiM u 
amumed in all cases of tho Rankine cycle, which is not possible to realise in real engineB with hi^ 
ratios of expansion, that is, with either very high initial or very low-back press, so that the gams m 
cycUo petdormanoe may not be fully attained in practice tut may possibly bo looses m too m of 
piston engines. Expansion always being complete in turbines, any cydic gains offered tougea 
in press or superheat may be realised to a great extent in this type of machine. Hmos, initol 

prose and degree of superheat are now in more common use than formerly behaved potable. For toe 
■*tn« retton, exhaust preeoures have been lowered to within a fraotion of a pound <A abe ^^um. 

In Fig 29 (8), ABCD represents the work of a cycle f« asturated steam betw^ certain w 
limits, and ABCC’D' tm steam with 300* of superheat and the same pram lindto, toe D 

denoting the gain in work. Effidendea for the 2 cum are ABCD + EABCF $ ^ A BCCD 
EABCCF'^ It k obvious ^t superheat causes a gam in work, but thwmally ^th but little 
eregie In aiilQieney. In inmotioe, however, the smaller leakage and heat tnnsmiaaum loaeae ganerellir 
nroduee a greater improvement than would be expected from the cyctic effeet. 
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la I!;g 29 («)« t^da ABCD it for uttuated «l««in vith adiabotio expanaion, and ABCD" wg^ 
aento a caae with iaoilfnto impartiiic boat anough to tha ataam to oauae it to taoiaio aataratad dur^ 
expanaion. Otbar caaea* in which inauffieiant or more than auffioiant heat ia added during axpanaim 
to produee continued ai^uration, are pcaaibia, but idaaUy all abow a loaa in tbrnmal efficianey and in 
prm^ca aithar a loaa or auoh a amall gain aa generally to render the uao of jaeketa inadvinatda. Cyeio 
ABC*u»D’ repreaanta the caae of reheating after partial expanaion, a proeeaa, if uaad at all, oomm^ 
batwaan the cyUndera of a muKiple-expanaion engine, or between an engine and a low-preas turbine. 
Point X, to whii^ expanaion ia allowed to iwooeed, ia arbitrary, aa ia alao the reheating temp. A oom^ 
mon practice ia to main the receiver preaaure X auoh that equal work ia done in each ex p a n ai on . 
Reheating can not well be carried above the original temp. Aa with jaeketa, the gain due to reheating 
ia either negative or too amall to warrant ita use on engines. Rffioiendea for the 3 cycles in Pig 29 (e) 
are ABCD EABCDF for the original, ABCD'" + EABCD"F" for jaeketa, and ABCsytD'-¥ 
EABCxtttF itft reheating. 

Bxamplo 29 . Find the cyolio effic, water, and steam consumption oi an engine operating on 
initial press of 140 ib aba, with 100” auirarbeat and back press of 10 lb aba. Alao find the jet velocity 
for same press drop, and the m e p. 

From the steam tables (Art 12) the heat at beginning of expanaion ia 1 248 B t u and that migin* 
ally in the liquid at 10 lb aba 193” F) is 161 B t u. The quality after expansion is found as follows. 



•The entropy originally (Table 25) ia 1.6395, and since expansion ia adiabatic the final entropy must 
have same value. The total entropy of steam is made up of 2 parts if wet, or 3 if superheated, pre> 
ciaely aa ia the total heat. If for any press the entropy ia less than the dry saturated value for that 
preas, the steam is wet and the missing entropy must be part of that of evaporation; the percentage 
of moisture is the amount of missing entropy divided by the entropy of evaporation for the given 
press. Sntropy for dry steam at 10 lb is 1.7874, hence the amount missing ia 1.7874 — 1.6365 ~ 
0.1479. Aa the entropy of evaporation for this press is 1.5042, the percentage of mewture is 9.8, or 
dryness ia approx 90; hence, the total heat is 1 045 B t u. The final quality could be read directly' 
from a temp^tropy or a Mollier diagram (Art 15). 

By Table 32 the effic will be (1 418 - 1 04.5) + (1 240 - 161) 18.7%. Steam consumption 

will be 2 645 + (1 248 - 1045) - 12.5 Ib, and jet velocity 

- V(l 248 - 1 045) X 778 X 64.4 - 8 19(^ 

Final quality being 90%, the final vol will be 90% of the tabular, or 0.9 X 38.4 » 34.6 ou ft; henesi 
m e p (1248 — 1046) •f- 144 X 34.6 37 lb. Same results could be obtained with prae> 

tically no calculation by tiie Mollier diagram, and this example is worked by that method ia Art 15. 


17. CONDmOHING OF AIR 

WorUitg coadltioiii in deep mines, where temp ie high, may be improved by the 
cooling notion of'the air supplied (Sec 14). The heat that can be absorbed by air ie n 
function of change in ita tamp and moisture content; that is, its relative humidi^ (Sec 23, 
Art !)• ^ computing these ohangee, the eustomaty imit ia a mixture containing 1 lb 
of dry air. Hmt and moiature content for r^tive humidity at any temp may be com* 
pttted fipm humidi^ tatdes (19); or, for temp above 82” P, from s^m^ tables (Art 12). 
Pig 30 ^pwB a gmpUcel solution. For astivated conditions, the moisture ermtent fa 
given in ^ tables; for incomplete eatura^pn, it is tile amount for mturated dir at ^ 
temn^for which the vig)or pressure, divided by vapor pressure at given temh, gives a 
valtillfq^ to the relative humidity. That is, mpisture content for,air .50% M^vumtad at 
















CONDITIONING OF AIR 


J 


64* F b tlM same as for mturated air at 45® F; since 0.3 in of mareory, tJ»e vaipor preeaura 
at 46® F, ia 60% of 0.6 in mercury, the vapor pressure at 64® F. 

The heat content of mixed ur and moisture is eimsidsred to be the heat neoessary to warm the 
air from some base point, usually taken as 0® F, plus heat required to evaporate the moisture present, 
evaporatioa being assumed to occur at saturation temp. The heat to warm the water-and Superheat 
the vapor are generally neglected, since it is very small compared with the other quantities. Heat 
and moLsture absorbed or given up, when air changes from one temp and relative humidity to 
another, are merely the differences between these values at original and final oonditkms. 



S8aS888gSS§ SS** 

n ^ ^ _ 

• j ^-ojn^ejodiuax 


Bzample 17. How much heat and moisture must be removed from saturated air at 90® F, to 
bring it to 40® with a relative humidity of 30% ? niw 

Moisture and heat content for original condition are read directly in the tables (IW, u O-OTll Id 
and 54 B t u, respectively, for a mixture containing 1 lb dry air. Vapor press at 40 ^ J* O.Z5 in 
Bwrqury; hence press at saturation is 0.26 X 0.3 — 0.076 in mercury, and the imrespcmmng temp, 
18.6* P. At this temp the moisture content is 0.0015 lb. Heat content of final air is 0.24 X 
0.6016 X 1 260 S' 11.6 B t u. Hence, 0.0311 - 0.0015 - 0.0296 lb of moisture, and 54 - 11.6 - 
43.8 Bt n, which must be removed per lb dry air. 
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Anailt M. How muah Imt sod mdatura eould be ebiorbed if the air wartaa to 70* F, witb 
80% humiditrf Vapw jweM at 70* F k 0.74 in meroury; beocw, aaturatioa preae k (KO X 0.74** 
0.444 in meroury, for wUeh the temp k fi5.S* F. Mokture eonteat for final oondition k thue 0.0008 
lb, and heat content 0.84 X 70 -f 0.0003 X 1076 26.8. Hence, there will be abeerbed 0.0008— 

0.0016 <■ 0.0078 lb mokture, and 26.8 — 11.6 -> 16.3 B t u per lb dry air. 

FaluM for mokture and heat content in above esamplea may all be read directly from He 80, in 
which the vert aoale k temp and the hwis, B t u. Solid cupec repraeent % relative homldityi dotted 
euryea, lb mokture in a mixture oontaining 1 lb dry air. By projecting over from any temp on the 
vert aoale to a given relative humidity curve, the heat content may be read on the horix acale and 
the moia^ure content on the dotted line paaaing through point of intaraection. For the final conation 
in Ex 28 (70* F and 60%), the heat content k 27 B t u; mokture content, 0.0006 lb (approx) aa 
computed. The method of computing heat and mokture content from data in ordinary ateam tahka 
k too complieated to bo given here. 
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POWER AND POWER MACHINERY 


1. POWER SYSTEMS 


Extent of requirementa of the mininc induatry for adequate and economic aourcea of power ia 
indicated in Table 1. Power aervice can be: (1) purchaaed from a central atation; or (2) generated 

in a aelf-contained plant. Baaio 



12t4667e»lU1112l3 


Fool price*. Dollara per 4bort ton for all coale 

Cents per gal, guolene, furnace oil, bunker C 
Centa z 10 per MCF, natural and illuminating gaa 
Centa per kw-hr, elec energy 

Fig 1. Fuel Costa 


sources of energy are: (a) an 
elevated water supply; or (6) 
heat-energy of fucd. Plants 
include: (1) water power; (2) 
steam, utilising any type of 
fuel; (3) internal-combustion 
engines, requiring oil or gaseous 
fuels; (4) waste heat. Station¬ 
ary plants are chiefly repre¬ 
sented by steam and hydro; 
portable plants are mostly in¬ 
ternal combustion (Table 2a). 

Fuel-burning systems are 
td major importance. Conti¬ 
nuity and reliability of fuel or 
water supply and fuel cost 
control selection. Condensing 
steam plants typically require 
000 to 1000 lb circulating 
water per lb coal burned. 
Steam plant site and cycle 
selection are dictated oy circu¬ 
lating water adequacy. Inter¬ 
nal-combustion i^ants do not 
have this limitation. With any 
fuel-burning installation, fud 
cost is the largest single operat¬ 
ing item. Comparisons be¬ 
tween fuels are best made on 
basis of cost in cents per mil¬ 
lion btu. Fig 1 aids conver¬ 
sion to this basis. Tyidcal 
competitive fuel prices are 
shown in Table 3, with bunk¬ 
erage data. Prices given are 
for heat in fuel, and must lie 
modified by various efficiencies 
to determine their worth at 
point of utilisation. 


Thermal performance of fael-burning planta. By the laws of thermodynamics, heat 
can be converted into work only by sacrifice of availability. Mechanism* inefBcieney, 
coupled with cyclic limitations, resr.lt in low overall thermal efBc (Table 4). Heat rate 
is more directly usable than thermal effic, and is defined as: 


Heat rate, btu per kw-hr 


Heat input in fuel, btu 
Energy output, kw-hr 


3 412.7S 
Thermal effio 


X lOO' 


Minimum fae^t ratm in steam plants are obtained only with the largest equipmwit aisM 
and nma press and temperature. Intemal-combustion,,engines ipve goc^ heat rstM, aven in 
smaA^ aises. Fu^ price, cents per million btu, can be mul^phed directly bv heat re<te> 
to iduli fuel cost per 1^-hr generated. 


4IM)2 
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Tftbls 1. Poww R*<tiiiremeitt8 of Ty^cal Miwiin ami Motalltufjccl OporaHMM 


Operation 

Kw-hr per ton 

Aluminum emelting and refining. 

24J)00 

15-25 

^•4 Bvafaga 

Anthracite mining,. 

Bituminous coal mining... 

Cement atiUs. 

3-16 extremes! 
75-100 

Cnppnr amnlHng and rafining. 

370 

2-5 

Copper mining. 

“ milling. 

5-15 

Gold mining. 

20-30 

milling and refining. 

15-25 

Lead and eino mining. 

4-77 

limestone mining. 

4-5 

Lime plant. 

50 

Ore mining; 

Open etopee. 

1-35 

Shrinkage stoping.... 

1.6-38 

Cut and fill stoping. 

9-78 

fifltiaPAHiAf ■i.n|tSngt. 

9-86 

Undercut hipek ea’dng. 

2-3 

Sublevel caving. 

6-16 

Top slicing... 

2-16 

Sulphur. 

10 



Not«e to Bib at end of Section 


Fed Power Comm 
T. D. Lewie 

Jaokeon and Crow. Cool Att, Jaa, 1937 
Fed Power Comm 


Bur of Minee, BuU 381, 1935 
S. M. Shallcroee 

S. M. Shallcroee, per ton of lime 
Bur of Minee, Iitf Circ 67tS 

44 4* 44 44 «4 

44 ae «» 11 ea 

44 44 44 44 44 

44 *» 44 44 41 

44 44 44 44 44 

14 44 44 44 44 

E. C. Meagher, per ton of eulphur, eleo 
operatione only_ 


Table S. Total Isatalled Horse Power of Prime Movers in V S, 1936 


1 

Hp 


Up 

Electric central stations. 

Industrial power plants. 

Electric RB plants. 

laolated non-industrial plants_ 

Mine and quarry plants. 

Agricultural prime movers. 

44 670 000 

20 130 000 

2 500 000 

1 500 000 

2 750 000 

72 760 000 

Automotive plants. 

Airplane plants. 

Locomotive plants. 

Marine plants.. 

Total. 

965 000 000. 
3 500 000 
88 000 000 
30 000 000 

1 230 810 000 


Diatribtttioa of Prime Movers la U S (1936) 


Service 

Steam 

Internal 

combus¬ 

tion 

Hydro 

Transportation.. 
Stationary. 

8% 

76% 

92% 

2% 

22% 


Table 2a. Distribution of Annual Energy 
Generation Among Plant Types in U S (1935) 


Service 

Annual 

generation, 

kw-hr 

Transportation. 

150 X 10* 
142 X 10* 
100 X 10* 
42 X 10* 
292 X 10* 

Stationary, total. 

St6ATn..... 

Hydro and internal combustion.. 
Total, US. 


Table 8. Typical Competitive Fuel Prices for a Specific Market 


Syel 

High heating 
value, btu 

Unit price 

Cost, 
cents per 
million 
btu 

Wtper ; 
million 
btu, lb 

Space per 
million 
btu, ft* 

Bienmipfuia nnal. 

14 500 per lb 
(2 500 “ 

$3 per ton 

10 

69 

1.25 

Anthracite..... 

$4 

12 

80 

1.33 

FurnaoS oil.. 

19500 •• , 

per gal 

35 

51 

0.92 

Bimbwr G fuel oil. 

18 500 ** 

3j! *• 

20 

54 

0.89 


20 000 “ 

10^ “ 

73 

50 

0.95 

Natu^iw;. 

1 000 per ft* 

550 " 

3 413 per kw-hr 

50ji per M on ft 

46 

36 

910 (N'm 

Mannfaetwed gss.. 

Eleo eneigy. 

504 “ 

24 per kw-hr 

90 

585 

72 

1 820 (NTP) 
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Loikds aad load eorroa. Fawn {danta eaa. not be pn^imlsr deeifiud or operated 
witibout conaidering the load and Ita bouily, daUy. eaaeonal, annual TariationB. 
Fig 2,2a, 26 give tsrpioal daily load eurvdi for a coal mining plant; ankvax, noan DunavioN 

a -.v_. ___ 


xnnie e. Typl^ Manuaea gi ru»i- the latter eurve ahowing: (1) «!► 

Dnrning Power Planta mand of 60 kw eideta for 8 780 h^; 

---——j ^2) peak ia 820 kw; (8) ammud 

__, , . Hwtreta, energy generation ia the area 

lype of plant effio, % under the curve, 2650000 fcw-hr; 

____________________________ ' _(4) area divided by the product 

Public utility evw, Bteain..1935.... 19 000 IS <>* P®^. the 8 760 hr of the 

Iiidiiitriil ftvoTp steun, 1935. 39 000 9 period u the annual load faotorg 

AOatationary Bteam, aver, 1933.... 27 000 13 33%. Loan faotob ia defined 

BMt record. Urge utility ateam by the relation: Load factor « 

plant, 193^.. 1#*W 31 average load-I-peak load, and 

Condanaing rteam plant, o^... MOOT 7 covera a definite operating period, 

Non-eondenainc ateam idaat,ov««U 35 000 10 , , * 

Diaeel ^ant, overall. 11500 30 aa a or year. Both loada 

Natural ritirTid^t l^t, overah... 13 500 25 dwvered outputs. Peaks 

Gasolene engine plant, over^. 16 000 21 ere not instantaneous, but gen« 

Producer gas engine plant, overall.. 18 000 19 erally taken over a 30«min in- - 

terval. Capao factor is defined 
by the relation: Capao factor '■> gross generation -h plant capae X hr in period, and is 
usually expreaaed as an annual amount. It shows the extent to which installed capac 
is used, bearing no relationahip to load factor. Ekiuipment reliability is measured tor the- 


gt Fuel- 


Type of plant 

Heat rate, 
btu per 
kw-br 

Thermal 
eflio, % 

Publio utility aver, •tsam,<i1935.... 

19 000 

18 

Induatrial aver, steam, 1935. 

39 000 

9 

All atationary steam, aver, 1935.... 
Baat raeord, larga utility ateam 

27 000 

13 

tdant, 1937... 

10 800 

31 

Condanoing ataam plant, overall... 

20 000 

17 

Non-aondenaing steam idant, owall 

35 000 

to 

Diaoel idant. overall. 

II 500 

30 

Natural gaa-engins plant, overall... 

13 500 

25 

Gasolena engind plant, over^. 

16 000 

21 

Froduoer gaa engine plant, overall.. 

18 000 

19 
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Pig 2. Tsrpiosl Daily Load Curves, Coal Mine Big 2a. Daily Load Curves, Coal M i n e 


ffi 'Ll'TI'1 11 IJ-T ri>l U I I 1 n AVAn,ABn,prT factor, defined the ex- 

pression: Availabilt^ factor ■■ Annual hr 

rg- ^T""S -^ opwated or operable 4- 8 760, It is best 

iii i 14 tfl s iMiiB I's a l niiu applicable to apecifie equipment witiUh a 

rh,™. idiult. For modem power maehinety it 

^ ^ exceed 86%, with good nudntmanceand 

opnating technique. Equipment lefia- 
HBtiSrsnftects the need for spare capao to provide oontinui^ of swviee. While reserve 
faetdn|jBay he of some worth, it is more rational to install qiare capao at least equal to 
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larcaatualiintlwidaat. For laice planta tliiB often offsets th« muiteo#lowarwiit ini 
cost and opemting economy. Cold, 
hot, and sjdnning reserve are aQ 
affeoted. 


2. COST OF POWER 



Total coitis the sum of: (1) fixed 
charges; (2) operating charges or 
produetionexpense. FixaDOHAROBS 
include: (1) cost of money; (2) in¬ 
surance and taxes; (3) deprecia¬ 
tion; and are usually computed as 
an annual percentage of the invest¬ 
ment. Cost or monbt includes 
interest, disooimts, and financing 
charges, and is not under control 
of the designer. It ranges from 5 
to 10% per anntim. Imsubancb 
varies with the nature of the risk 
and embraces fire, boiler explosion, 
machinery breakdovm, public lia¬ 
bility, and workmen’s compensa¬ 
tion. Taxes cover real estate, 
franchise, incorporation, receipta, 
income, and social security. An¬ 
nual charges for insurance and 
taxes are from 1 to 3%. Dbfbso charges reflect loss in value of equipment due to use and 
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X lO'acAnnnl oat|iiii^ kw-hr 

^ W 

gnaeal load feetor, K 
Afitiiisl Oost of OeneraUoni 
Small Steam Plant 


passage of time, and result from phys¬ 
ical deterioration, obsolescence, change 
in use, and inadequacy of equipment. 
While physical deterioration can be largely 
offset by proper maintenance, functional 
deprec is beyond control. Replacement 
of equipment will ultimately be required. 
Deprec reserves should therefore be ac¬ 
cumulated on some convenient basis, as 
straight line, sinking fund, or observed 
deprec. Table 5, 6, 7 give depreciable 
life data; annual charges are 1-10%. The 
Tisual aggregate annual allowance for all 
FixBO OHABOBB ou power plant equip¬ 
ment is 10-20%; common^ 12.6% for 
steam plants. In case of short-lived enter¬ 
prises, industrial undertakings, or possi¬ 
ble depletion of ore reserves in mining, 
fixed costs are often computed on other 
bases. 

Operating charges or production ex¬ 
pense (see also Sec 21) vary with output 
and load factor and are cl ass ifi ed as: 
(1) fuel; (2) labor and supervision; (8) 
maintenance, materials and labor; (4) mise 
supplies and expense. Funi. ooar is the 
largest item, and varies with heat rate, 
fuel price, load factor, and operating 
practice. There is one best effie point 
for any plant, which is generally apinoxi- 
mated in design to occur at ’’avenge’ 


load (Fig 4). OpexATiifo IiABOB is largely 
constant, irrespective of ifiant load. A 
straight line, with an intercept equal to 
50-100% of the full load coat, is rep^ 
Matativa. loUowa a bhancteristic wmil a r to labor, but varus so widsly in 
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diffarwt plaots u to predudo statistical comparison. 



For preliminaiy estimates, aimual 
maintenance can be taken as 1-3% 
cd investment cost. Misobuppubs 
can be treated as a constant obarce 
of 6-15% of the maintenance or 
labor cost. 

Total cost of power. The an¬ 
nual costs of generation are plotted 
for a small steam plant in Fig 4, 
end the aresults transferred to a 
two-quadrant plot for unit costs 
in Fig 5. Total cost of generation 
(Fig 6) reflects a constant portion 
or int^ept, regardless of output. 
The cost of service can be approxi¬ 
mated by tiie relation: Annual cost 
of service » Ki + Kt (kw-hr out¬ 
put per kwcapac) <"Ki+Kt (8700) 
(capac factor). More accurate 
equations in 3 or 4 parts, can 
be written to reflect: (1) capac 
charge; (2) peak load; (3) hrs of 
service; (4) energy charges. Such* 
relations show the small signiffi- 
cance of direct comparison of unit 
costs for power. Table 8 gives 
production costs for several power 
plants; their values are illustra¬ 
tive, and should be used cautiously 
for comparison with data from 
other sources. 

Cost of power at point of ose. 
Distinction must be made be- 


Ilg 5. Unit Cost of Oeneration, Small Steam Plant tween cost of generation at the 

power plant and cost of service 
at point of use. Fuel transport, elec transmission lineB,^comp air or water lines, ail add 


to cost of energy. All forms of power 
plant are not equally suitable from 
tius viewpoint. Waterpower plants 
must be located at the hydro site; 
steam plants, if condensing, must 
have ^equate circulating water; 
internal-combustion engines require 
little water and may be portable. 

Purehased vs generated power. 
Purchased power from a central sta¬ 
tion is usually the best basis for 
measuring the worth of any proposed 
plant. Rehalnlity of service and rate 
schedules diould be studied to assure 
continuity and economy of service. 
Purchased power generally minimises 
osq;>ital investment on the part of 
the indtistrial plant and results in a 
short twrm commitment. Rate sched¬ 
ules are usually based on cost equa¬ 
tions, as given above, to reflect a 
demand plus an energy charge. Dis¬ 
counts are often made for prompt 
payment of bills; high i>ower-factor 



loads; off peak y)wer; and secondary Total Cost of Oenemtioa, flmsll Steam Plant 

service. Special contracts and rates 

oan be obtained under favorable ocmditiona] 
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Ttbl* 8. Probable Life of Structaree and Apjwrataa for Steam Power nanta 

_(JuBtin and Mervine, Power Supply Economica. Pub, Wiley) 


Deeciiption 


Aocumidaton. 

Boilen, water-tube... 

Bcnler aceeaeoriee. 

Breechinaa, ateel. 

Buildinga: 

Brick. 

Wood or wood frame. 

CaUea and feedera. 

Coal and aah machinery. 

Compreaaora, air. 

Condenaera. 

Cranea. 

Economizera and air prebeatera, 

Electrio generatora.... 

Electric mutora. 

Enginea, aniall ateam. 

Fencce. 



Description 

Years 

Foundations.f 

Same ae Ufe 
of equipment 

1 

Fuel oil handling equipment. 

euppwted 

20 

Furniture and fixtures. 

15 

Feed-water heaters. 

20 

Pipe and pipe covoing. 

15-25 

Pumps, reciprocating... 

15-20 

Pumps, centrifugal...... 

20 

Stacks, brick or concrete. 

30 

Steam turbines. 

20 

Steel. 

12-15 

Stokers and other fuel burning 
equipment. 

20 

Superheaters. 

20 

Switchboards and thdr equipment 

20 

Toola and shop machinery. 

15 

Transformers. 

15 


Table 6. Probable Life of Structures and Apparatus for Hydro-electric Plants 



Concrete atruoturea 
Cranea and hoista.. 
Dama, concrete.... 

'* earth. 

“ timber. 

Flumea, concrete. . 

" ateel. 

" wood. 

Oatea. 

Generators. 



Miaoellaneoua power house equipment. 25 

Pipe lines, concrete. 40 

*• “ ateel. 20 

“ “ wood.-.. 20 

Power bouse, substructure. • 

" “ Buperatructure . 50 

Screens and rakes. 50 

Steel structures, exposed. 40 

Transformers. 15-25 

Water wheels. 50 


* These items kept in perpetual usefulness by proper maintenance. 

Table 7. Probable Life of Apparatus for Internal-combustion Plants 


Automobiles. 

Batteries: 

Storage, stationary. 10 

Storage, automotive. 1-2 

Blowers and fans. 20 

Cooling towers. 15 

Compressors: 

Stationary. 20 

Portable. 5 


Diesel engines: 

Slow speed. 15-20 

Highspeed. 5-10 

Fuel oil systems. 20 

Gas engines. 20 

Gas producers. 15 

Gas supply systems. 20 

Gasolene engines, high speed. 5 

Tanks, steel. 25 


Table 8. Selected Power Plant Production Costs 


Rant type. 


Steam Steam Steam Steam 

central central Indus- Indus- Hydro Hydro Diead Diesel 

station station trial trial 


Plant capacity, kw. 500 000 

Load factor, %. 53 

Capaeity factor, % . 43 

Fud cost, i per mUlion btu.. 15 

Production coat; 

Fuel, miUs per kw-hr. 2.1 

Operating labor, mills per 

kw-hr. 0.3 

Maintenaijpe, mills par kw-hr 0.4 

Supplisa, nubs per kw-hr. ... 0.2 

Taddi-mille per kw-hr... 

Heat ra^, btu per kw-hr... 


3.0 
14 000 


100 000 
75 
70 
6 



100 000 
75 
65 



.4 

.8 

.3 


6.5 
25 000 


3,0 

2.0 

1.5 


14.5 
40 000 
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8. STEAM POWER CTCLBS 

HMt iMlanc* diacnmi (Fig 7} i^v« dsto on fud, steam, water, and energy for sadi 
item of equiinnent. Preparation of such diagrams involves the operating performance, 
eharaoteristioB, costs, and limitations of dl the machinery. lig 7 and Table 9 give date 



for an dmnentary plant containing one 2 500*kw turbine^nerator, using steam at 265 lb 
and 600^ F, exhausting at 2 in abs, and with extraction feed heating. Calculations 
depend on the turbine state lines of Fig 8, using 75% Rankine effic ratio, and plotted on a 



1.7 1.8 1.8 

Fig 8. Turbine State lines, 2 500-kw Unit 


MoOier chart (See 89, Fig 26). Overall thermal performance includes allowances for geOle^ 
atoT sAa 95%: boiler effic ■* 80%; eiec^iven auxiliaries ■■ 4%; plant realisation 
ratio ^ 96%. While elec drive gives favoraUe cost and operating eoonmny for ausilitfies 
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equipment, as steam-driven pumps, diould be provided. The in 

Ilg 7 may be extended to indude other items, as staae heating, air eieotors, glimd ooU'^ 
douers and generator air coolers. 

Table S. Heat Balance CaleulatloBS. f BOO-kw Unit (see also Fig 7) 

Load Fun Half I Load I Full Half 


CondsnMRTa 

flow, lb. 28 200 15 700 

PreBanre, Indtea Hg... 2 2 

Hot-wdl temp, Fsh. 101 101 

Open haatar: 

Turbine ahdU preaa, p. 30 16 

Freaa drop throuchline, p.... 3 I 

Beater preaa, pg... 27 15 

Beater temp, Fah. 244 214 

Enthalpy, water in, H. 69 69 

Enthalpy, water out. H. 212 182 

Heat added, H. 143 113 

Water flow to heater, lb. 28 200 15 700 

Beataddetl, btuper hr X 10*. 4.05 1.77 

Enthalpy bleed, H. 1 182 1 179 

Heat available, H. 970 997 

Extraction required, lb. 4 100 I 800 

BaUwfeed.lb. 32 300 17 500 

Main turbine: 

Enthalpy at throttle, H I 317 I 317 

Enthalpy at bleed pdnt, H... I 182 I 179 

Heat drop to bleed pdntiH... 135 138 

How to bleed iioint, lb. 32 300 17 500 

Generation to bleed point, kw 1 270 700 

Enthalpy at exhauat, H. 1 017 I 043 

Heat drop to exhauat, H 165 136 

Flow to exhaust, lb. 28 200 15 700 


Main turMne (conitntied): 

Generation from Ue^ point 
to exhaust, kw. I 360 


Oroaa turbine generation, kw.. 2 630 I 330 

Generator effideney, % . 95 94 

Output at gener termbuJa, kw 2 500 I 250 

Throttle water rale, lb per 

kw-hr. 12.9 14.0 

Condenser water rate, lb per 

kw-hr. 11.3 12.S 

Boiler: 

Enthalpy at superheater out¬ 


let, H. I 317 

Enthalpy at feed, H. 212 

Heat added, H. 1 105 


Bteam made, lb. 32 300 17 500 

Heat added, btu per hr X 10*. 35.8 19.9 

Boiler efficiency, %. 80 81 

Heat required in fuel, btu per 

hrXIO* . 44.8 24.5 

Groaa plant heat rate, btu iwr 

kw-hr. 17 900 19 600 

Auxiliary power, % . 4 5 


Net plant sendout, kw.I 2 400 I 190 


Plant utilisation ratio. %. 96 96 

Net plant heat rate, btu per kw- 
hr... 19 500 21 500 


fe}S«tta numutWlM 


4. BOILERS AND THEIR APPURTENANCES 

BoUsr room must be carefully designed, to reduce power cost. No other pmt of the 
plant can accumulate losses so rapidly from poor effic or muntenanoe. This concerns 
both the combustion chamber (fur¬ 
nace) and the boilw proper, wUch ^ 

are oonstaucted under rigorous laws i ' j I 

and codes, such as that of Am rdAJ Am 

Soc of Mech Engrs, regulations of v SSTSSSJ.::— ^ g 

boiler insurance companies, and local ^ ^ ^ ^ ^ 

lawa ^ P M^elet M 

Chief objectives: high steaming ^ ^ ^ 

capac pier sq ft, low first cost, and , ~ ^ ^ ^ 

high efficj but high capac and high lB)a«fta 

effic are directly opposed, because 
the former requires high mean temp 

differences; the lattmr, low mean 0-, 

temp differences. Max st e a ming 

capac and effic can not therefore be __ 

expected in the same boiler; in heat gl 'i " 

transfer there is a complicated ther- I ^ ^ 

xoal path through gas film, soot, I ^ I 

metal, acale, and water film. As the I r ^ ' 

relative thermal resistances of metal, 1 1 > 

tliA ttffiffi rida to Dromote heat tranamieeion. On the water mdey the metal nirfaw ua 
be kept wet, to prevent a ehift in the controlling instance and conaequMit overheating 


(S) ummuw tr: 
Fig e. Fire-tube Boilers 
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of the «i 0 tid (eteel loeee its etructorel ■treogth rapidly with, increase in temp abpve 
800° F). Theimai action due to the difference in density of wat«r and steam provides 
necessary circulation. Surfaces must be kept clean of scale farther to prevent ovei^ 
heating, and clean of soot to maintain effic. 

BoUers are either fire-tube, in which the gases pass through the tubes, or water tube, 
in which the water flows through the tubes. Fibb>^bb boilkbs comprise a neat of 
straight 3-4 in tubes, between the heads of the shell; they are externally fired as in 



(a) Header type 



Fig IQ. Water-tube Boilers 


Fig 9a (horis return tubular), or inter¬ 
nally fired as in Fig 9b (locomotive); 
the former require brick setting, the 
latter are self contained and portable; 
both are limited to low press and low 
capac services (less than 250 lb per sqin 
and 250 boiler hp); are low in first 
cost, but can not ^ operated at high 
ratings with sustained elBc. Watbb- 
TUBB BoimcBS (Fig 10) are header or 
drum tjrpes. The headers, into which 
the tubes are rolled, may be of box or 
sectional design; the former are suitable 
for press below 400 lb per sq in and re¬ 
quire stays for bracing; the latter have 
only one vert row of tubes, which, when 
made sinuous, allow close spacing and 
good gas mixing. Hand holes give ac¬ 
cess to tubes for cleaning. Tubes are 
limited to 20-24 ft length. Larger capac 
is obtained by increasing the number 
of vert sections. Drums are horis or 
slightly inclined. Cross drums (Fig lOe) 
permit of high capac with one drum; 
for the longit arrangement, 2 or 3 drums 
are needed. Drum size is determined 
by disengaemg surface requirements. 
Hot gases circulate over the tubes in 
a 1,2, or 3-pass construction (Fig 10a), 
but longit baffling may be used instead 
of cross baffling. Dbum boiucbs, hav¬ 
ing no headers, cost less and the curved 
tubes permit a variety of designs. 
Tubes are spaced farther apart than in 
header boilers, to allow tube replace¬ 
ment. There are no hand-hole covers. 
Some water-tube boilers produce steam 
at rate of 1 000 000 lb per hr in a single 
unit and at press of 1 400 lb. 

Superheaters may be of the convection 
type in the gas pass, or the radiant type in 
the furnace wall. With the superheater at 
top of the first pass (Fig 10a) the final super¬ 
heat temp increases with boiler output; in 
the radiant poeition, steam temp decreases 


with increase in load. Internal boiler dampers, interdeck positions, and couvectionT'radiant series 
arrangements allow of superheat control. Sted is suitable for steam temp below *750* F, but alloy 
steels are needed for sections exposed to higher temp (050° F max). 


Fuels are mixtures of C and/ or H, either as elements or in combination.. A fud 
burner and its f^untaee must bring the necessary O molecules from the air supply into 
contact with the oombustiUe elemento. Table 10 gives analy^ of power-plant fuels, 
their heats of combustion and chemically required air. The ,air is estimated for coals. 


and fud oils by die relation; 

Lb air chanically required per lb of fuel 


High heating value, btu per lb 
1300 


No fui'iiu^ can give perfect combustion; excMs dr for fuefat eontaininp neglidhls ainounts d 
dlrogeU is cdoulat^ from analyais of the eombusttoa produetc by the equation: Excess sir. 
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8.78 (oi - 
N, - 8.78 (o, - 


X 100. 


vhsr* Oi, CO, and Na are v(d pereent- 
a(M in the dry flue gaa. Fig 11 ahowa 
rdationahip tetween COa and exceaa 
air for aavaral fuela. The wt of prod* 
ttota ia determined by adding to the 
wt of fuel actually converted into the 
gaaeouB atate, the wt of chemieally- 
o<Mrreet air and exceaa air. Table 11 
givea exceaa air performance figurea, 
together with firing ratea, for different 
fumacea. For ehemiatry of combua- 
tion, aee Bee 39. 


Gggoolu fvela and furnacas. 
Gaa ia the ideal fuel, flame length 
ia controlled by the proportiona of 
primary and aeoondary air. Ash 



Percent COa 


Fig 11. COi and Exceaa Air in Produeta of Combuatioa 
of Typical Fuela 


Table 10. A^yaea of Some Typical Fuela 


Coala 


Fuel 

VM 

FC 

Moiat 

Aah 

H 

C 

O+N+8 

High 

heating 

value, 

btuper 

lb 

Lbrir 
per lb 
fuel 

Lignite. 

17 

35 

39 

9 

2 

36 

14 

6 500 

4.8 

Sub-bituminotw. 

31 

38 

22 

9 

3 

54 

12 

8 800 

7.2 

Low rank bituminoua.... 

37 

42 

II 

10 

4 

65 

10 

II 600 

8.8 

Middle rank bituminoua.. 

37 

50 

5 

8 

4 

75 



10.0 

High rank bit^pinoua.... 

29 

60 

3 

7 

5 

77 


HCl'I’. }M 

10,6 

Low rank aemi-bit. 

22 

69 

3 

6 

5 

79 


14 600 

10.8 

High rank aemi-bit. 

13 

76 

5 

6 

4 

79 

5 

14 500 

10.5 

Semi-anthracite. 

9 

77 

6 

8 

.3 

79 

3 

13 700 

10.2 

Anthracite.. 

2 

85 

3 

to 

2 

82 

3 

13 000 

10.2 

Coke. 




13 

. . 

86 

1 

12 500 

10.0 


Liquida 








High 










heating 

8p gr, 

Lb air 


H 

C 

S 

N 

0 

HfO 

value, 

deg 

per lb 








bcu per 

API 

fuel 








lb 



Bunker C. 

II.S 

85 

ID 



■Q 

18 500 

14-18 

13.7 


13-13.5 

85 


mmm 


■■■ 

19 000- 

22-28 

14.3 


m 


Hm 

19 500 



Furnace oil. 

13.5 

85 

m 

1 

.5 


19 500 

30-35 

14.4 

Keroaene. 

14 

85 


on 


0.5 

19 800 

45 

14.6 

Oaaolene. 

15 

85 


0-1,0 


20 000 

55 

14.9. 


Oaaea 


l' 

H 

CO 

CHi 

HH 

0,, N,, 
COj 

High heat¬ 
ing value, 
btu per 
cuftNTP 

Spgr 

(air-1) 

Cu ft air 
per cu ft 

saa 

Natural eae. 



96 

2 

3 

1 100 

0.6 

10 

gaa ......... 

50 

6 

32 

5 

7 

600 

0.4 

5.2 

gga . 

15 

26 

2 

1 

56 

ISO 

0.85 

1.2 

0.67 

Kaat-furaaeai gaa. 

, 5 

23 


•• . 

72 

90 

1.0 
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proUenw are abMut, unlsM the gu is impure. Befractory fumace-wall ooxutruotion is 
rdativsly simple. 

Oil fuels s^ fnmsees. Fud oil is generally a refineiy rendue, as Bunker C or No 6, 
whioh has 100-300 seconds Saybolt fWol viacosifcy, 10”-16* API densi^; and oontaina 
impurities of sand. S, and water. External strainers, and heaters to raise ^e temp ahove 
150^ P, condition the fuel for sprasdng into the furnace. Steam, comp sir, or mei^anieal 
atomising nossles are used; fine sprays reduce fiame length, but some coarseness is detir* 
aUe for penetiation. Air enters in the secondary form, through louvres surrounding the 
burner tip. Cbeokerbrick and "bouncing walls" are sometimes used to increase furnace 
turbulence. The combustion chamber must effectively mix the fud and air. Stiai^t 

rrfractory walls prevail, due to 
TaUe 11. Typical Averaga Furnace Firing Katea absence of ash and slag. Firing 

rates are controllable by buma* 
multiplicity, together with regu¬ 
lation of individual burners. 

Coal and coal-bunting fur- 
nacea. While coal is the oom- 
monMt fuel, ash and volatiles 
cause difficult firing problems. 
Volatile is driven off rapidly, 
and must be intimately mix^ 
with enough air while at high 
temp. Chilliixg by contact with 
cool surfaces lowers combustion, 
and forms smoke and soot. Ash composition and improper ash fusion temp may destroy 
furnace linings by fluxing with the refractory. Water-cooled or steam-cooled walls, with 
varying amounts of firebrick facing, may be re¬ 
quired. With stationary grates for hand rmiNo 
tlM ash must be pulled out through the firing A 
door; it is difficult to keep air spaces clear of 
ash and clinker. Rocking grates are diunped, or 
worked by levers at the front of boiler. g 

Orates are divided into 2 or more seetiona, so 
that coal may be piled on one part while cleaning 
anothw. Fig 12 shows ordinary grate bara: A, her- ^ 
ringbone; B, Tupper; C, D, common straight bar; E, 
pinhola. The bara are about 8 ft long, and arranged j. 
in sections to form a rooking grate. Air openings ^ 
must be suited to rise and kind of coal. Table 12 
shows airing standards; uniformity of siring aids 
materially in firing. Hand-fired gi-atea are limited 
in lengtii to the 10-12 ft that a fireman can toaa _ 
coal, as with anthraoita; and B-7 ft in slicing, as with ^ 

Utuminous. Hand-firing is limited to furnaoee burn- 
ing laae than 0.6 ton per hr, and where high effic is Grate Bara 

not Boni^t. Savings by experienced firemen repay 

the extra labor coat. Bituminous coal should be spread evenly, in beds S-10 in thick, and the 
fire kept without holes, and not be allowed to become dirty, ae evidenced by a dark ash pit. If a 

heavy layer is added, the vriatile ia 
driven off without burning; emoke 
and ineflicieney result. Instead of 
uniform spreading, fresh eoal may 
be piled on a dead plate ia the 
front, where tiie volatile is distUled, 
and the reaulting coke then pushed 
ovw the fire. The coking method 
is preferable for low fira. The 
emokelsH burning of anthraeite is 
rimider, because (d low vriatile. 
Steam riaee (Table 12) form a denes 
bed, not over 8-4 in thiek, to reduoe 
draft loeeee. Care ia needed to malB- 
tain uniformity on thin beds, pri- 
vent foriaattos ci holaa, and attaia 
effic firihg. 

Mtcbudcal itoktn givo high oapadtiM at soatained affie. Food is coatimioiM, at 
cogjtiihllgltie rataa, with minimum labor, gad air ii gupitiiad ia otmtntilad SHrdtmrtioni to 


TaMa 11. Round-holt Openings in Tmting Screena 
for Anthracite (A S T M) 


Siae 

Passing tivough 

Retained on 

Broken. 

4 Vs" 

3V4 

Efig. 

3V4 

27/ie 

Stove. 

2 Vis 

iVe 

Cheetnut. 

IVS 

m/m 

Fea. 

»/js 

•/m 

No 1 Budciriieot. 

Vie 

Vm 

No 2 Buckwheat (Rise)... 

Vu 

Vm 

No 3 Buckwheat (Barley) . 

Vie 

Ves 


To h renooa of dsi% on ovor openiaga and 10% in max 
raoaiaga are panniariblo. 





Heat liberation 
Fuel rate, btu per hr 

per cu ft 

Natural gae. 20 000-40 000 

Fuel ril. 20 000-40 000 

Pulverised coal. 20 000-40 000 

Btoken, large. 20 000-40 000 

Stokers, email. 15 00»-25 000 

Hand fired, induatrial... 5 (HH)-I0 000 


Exoeaa air, % 


10- 30 
15- 30 
15- 30 
20- 40 
30- 60 
50-150 


Band fired, domestic.... | leaa than 5 000 | more than 100 
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Mdi bed leotion, eo m beet to dietiU, gaeify, reduce, or ozidiee the fuel. Hie fire ie kept 
evea edth r ee eone M e ezoen air, the furnace being maintained at a high even temp. Aah 
ie au to matically rmnoved on completion of combustion. The best stokers aooomidisli 
all these purposes; cheaper ones are available, which only partly fulfill the requirements. 

While stokera may be deaigned to give good perfi»manoe, constant, intelligent supervision in the 
fireroom is essential. From a hopper in front of the furnace, ovaarsan arozaas feed raw coal 
above, nKnaaraas exozaas, below the incandescent bed. In some small overfeed types the eoal 
is meehanioally or pneumatically distributed over horis or inclined grates; in others, it is deporited 
in a ooUng sons or on a dead plate at the hopper end. The coked fuel is then controUably moved 
down the stepped and inclined grate by oeciUation of the grate bars, or is conveyed by a ehain or 
traveling grate toward rear erf furnace. In underfeed, coal is fed from Uie hopper by rams or serews, 
operating in troughs or rrtorts, benmth the sir admission sons. The rams gradually feed from 
the eold, through the volatile distillation sone, to the incandescent sons on top. Air enters through 
tuyeres on the top edges of the retorts, which are horis or inclined; in the former, there is a single 
retort with ash removal laterally; in the latter, a multiplieity of retorts, and ash is discharged to 
the rear. The agitating action of the rams makes the underfeed stoker suitable for caking coals 
of high ash fusion temp: traveling grates are beat for non>caking, non-ciinkering bituminous and 
anthraeito. Underfeed stokers carry thick (2>ft) beds with combustion rates controlled by ram 
speed and draft. Chain grates carry thinner fires (6 in), with control effected by depth of bed, 
grate speed, and draft. Beet resiilts are by forced draft, with combustion rates of 30-40 lb per hr 
per sq ft of grate area. 


Pulverized coal firing requirra a grinding plant to reduce the coal to proper size. 
Standard aieve nses are given in Table 13; it is usual to specify 60-75% through 200 metii; 
uniformity of particle nae is as important aa fineness. 


Pulverisers may be of the hammer, impact, ball, tube, or attrition type. Mill sise, power 
requirements, and maintenance are dependent on coal grindability, moisture content, and desired 
fineness. Energy requirements for mill _ _ _ _ _ 

Table 13. Testa for Fineneaa of Powderod Coal, 

ASTM Standards, 1936 (Abbreviated) 


U 8 Sf d 
sieve 

Sieve opening 

Wire diam 

1 

t 

X 

o 

Microns 

Milli- 

metem 

Inches 

Milli- 

meters 

Inches 

16 

1 190 

1.19 

0.0469 

0.54 

0.0213 

30 

590 

0.59 

0.0232 

.33 

.0130 

50 

297 

.297 

0.0117 

.188 

.0074 

100 

149 

.149 

0.0039 

.102 

.0040 

200 

74 

.074 

0.0029 

.053 

.0021 


operation are usually 10-20 kw*hr per 
ton. Mills fmmerly were arranged in 
a fain-and'rfeeder system, but have been 
largely displaced by the unit or direct 
system, in which the fuel is burned ae 
soon as it is ground, dryers controlling 
the moisture content. The classified 
eoal duat ia handled by fans and fed 
through burners in which say 15% of 
tho air is primary and 85% secondary. 

Burner and furnace arrangements mix 
the fuel and air, contribute turbu- 
lenee, shorten the flame, and increase 
vtdumetric heat-ndease rates. Ash 
problems are often severe, and fusion, 

■lugging end fluxing require proper 
furnaee-wall construction, first-row 
tube spacing, and ash removal system. 

Low-fusion ash (2 000” F) can be re¬ 
moved in a molten state from a tap 
or drip type furnace; high-fusion ash 
(2 500” F-b) is usually dealt with in 
a powder form from a hopper. Cor- 
reet aeh fusion temp must be speci¬ 
fied, and the furnace deaigned to 
handle aeh over the entire operating 
load range. Pulverised coal and stokera 

are in doee competition in the steam . 

making range of 50 000-150 000 lb per hr, with stokers prevailing below the lower limit and 
powdered o<^ above the upper. 


Square mesh screens for bituminous cool, crushed to la 
than 1.5 in. 

Sieve analysis of crushed bituminous coal reported ia 
percentage to nearest 0.1% 

Betsined on 1.050 percent 
Through 1.050 and retained on 0.742 


0.742 

0.525 

0.371 

0.263 

0.185 

0.131 


0.525 

0.371 

0.263 

0.185 

0.131 


VoRmcf widlg. Refractory walla are auitaUe for gaa and oil firing, bat with coal, 
aapeoially under high firing rates, the furnace may grow too hot and lead to ash and elac 
problsmB. Wanen-coouBD aereena and arches prevent washing away of furnace refrac¬ 
tories. Heat transfer rates of 100 000 btu per hr per sq ft are attained on these surfacee, 
and strong water circulation is essential to prevent overheating. The walls may be bare 
tubes, or faced with Hocks, fins, studs and varying thickness of refractory to control 
furnace temp. Am-ooouDn walls are no longer used. Radiant superheaters may be 
employed for part of the walls. , - . , , 

Bronoiglgeni are i>laoed in the boiler exit gae stream to prsheat feed water and lower 
the etaek temp. C-I tabes were formerly need, but stetil tubes, plain or protected, pre- 
tail wilh w of oxysei^4ree feed water. Aib-bbatbb8 prebest the air for combustion to 
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improve boiler eiBo by lowering the stack temp and shortening the flame length. Degree 
of preheat is fixed by furnace conditions and firing methods; 500** F is the usual max. 
Ih^eaters are either recuperative (plate or tubular} or regenerative. Heat transfer 
rates of air heaters and economisers are low (2-6 btu per hr per sq ft per deg); hence 
they require large surfaces. Boilers may use economizers or preheaters, or combinations 
of both; or they may be omitted entirely. Stack temp should never be below the dew 
point, I'tecaUse of flue gas corrosion; 250° F is the usual minimum. 

Draft systems provide the necessary air, and remove products of combustion. The 
combustion cluuuber should be maintained at a press just below the atmos (—0.1 in water) 

to minimize air leakage into 
the furnace; the press should 
not be positive or flame will 
pass through cracks in the 
setting. Fobcxd draft pro¬ 
vides air at positive press to 
the grates or burners; in¬ 
duced DBAFT removes the 
stack gases by maintaining 
negative press at the flue. 
Balanced draft results when 
forced and induced draft 
maintain a press of —0.1 in 
water. Chimneys, fans, blow¬ 
ers, or steam jets are used. 
Chimneys provide only in¬ 
duced draft; the other de¬ 
vices su-e for both forced and 
induced draft. Draft varies 
with type, design and condi- 
Fig 18. Fan Performance Characteristios, Percentage Basu of equipment and the 

load carried. Chihnsts pro¬ 
vide natural draft by difference in density between the vert column of hot gas inside 
and the similar column of cold air outside the stack. Theoretic draft (Sec 39) is a func¬ 
tion of the ^s temp, chimney height, and physical properties of the gases. Effective 
draft is obtained by deducting friction and veloc head losses from the theoretic draft. 
Gas velorities of 30-40 ft per sec at full load are common. Stack temp is 400-700° F with 
natur^ draft. 

Chimneys are of l»ick, concrete, or steel, lined or unlined. Their effio is only 0.1-0.2% ther- 
modynamioaUy. For high rates of firing they are not practical, and must be supidemented by 
mechanical drtdt (fans and jet blow¬ 
ers). Fans are generally centrifugal; 
direct, geared, or belt-connected to 
dee motors, steam turbines, or engines. 

High-speed drives reduce space and 
wt of the units. Design details fix fan 
jterformanoe (Fig 13). The curves are 
definitive, bewuse a fan must operate 
on its characteristic. If the resistance 
demands do not coinoide with the 
fan oharaoteristio, the supply must be 
throttled, or the speed varied. Flat 
or steep head characteristics, self- 
limiting hp, inherent high speed, or 
inherent high capao can be built into 
a fan. Forced-draft fans handle only 
air and hence are smaller and run 
faster than induced-draft fans, which 
must handle hot, dust-laden flue gas. 

Propriler or disk fans, set in the ash 
pit wall and direct-connected to tur- 
fabMs or motene, are favored for smaller 
iriants. SniAU iET-anownns, entraining gas by a steam jet in the throat of a Venturi tube, may. 
be iMtafled in the ash pit wall or at base of the stack; they are uneconomical and may otmsume 
8-20% the eteam generated, but are low in first cost, foolproof, suitable for auudl iflants, or 
whera'.l^ura] draft must be supplemented to cury peak loads. 

’90^1^ writtofi ind eaainfa. Boilera wlddi are not self-contained require supporting steel, 
riWIpvaaUng ef bridk or brick and sheet steal, with doces im Inspeetimi and repairs. Settings 
> 3 ipfi|k lin gaa tight, resist strain dua to heating and oooUng, and mtaiadae radiatton kaaae. 


176 r 

|160l 

|l45l 


J SflenDga,^ 
•ry TS.W 

IPulnrlMd eoBl-Bnd, nel' 

I bnt nemracr ) . 

'.^varlaad coal, or stokot-Biod,l 84-8T 
with heat raeoTary J ^ 




Ilg 14. 


Carve bated on t 

Oper preee-MO lb 
ToUd eteam temp.720°F 


^^polatlop-Ttjonefndt.lb vpr bjr 
M W 100 lag 

Variation of Steam Generating Unit Itmt Cost, 
with Sise and Type 
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AcMMoriM. Bonoic blow-off valvu remove eooumulated BoUds i& the boOer; avBFAm 
BliOw<«FF VALTxa remove floatiug matter or aeum. Qaob uLAaaBa indicate water level in the drum 
and are aupplemented by tbf cockb ior d^ieration when the gage giaaa is out of service. Pusaonn 
aA,au we also needed. Safbtt valvbb, required by law, are of the apruig-loaded pop type, with 
adiustments for relieving press and the degree of blowdown. ^\ ith superiieated steam, the first 
aafety valve to relieve ahould be on the superheated outlet, to prevent burning of the eiementa, 
FnBO-WATBB BXOClatobb may be manual or automatic. Draft and damper reKulatora, draft gages, 
and CO* recorders, aid good operation. The entire steam producing function can be made auto¬ 
matic by coMBPsnoM-coMTBOL iqciPiaNT. It is espeneive, but assures high sustained effic. 
Soot bmwxbs, served by steam or comp air, keep gas side surfaces clean. 

Boiler performe&ce. Capac was formerly measured in boiler hp. A developed 
boiler hp was defined as the heat added, in steam, to evaporate 34.5 lb of water per hr, 
from and at 212° F; or 33 479 btu per hr. Makers rated hp was defined as the heating 
surface + 10; the % rating is the ratio of developed to rated hp. In current practice, 
as a boiler is seldom on the line below 100% rating, the concept of hp has been abandoned 
in favor of lb of steam per hr, or heat added per hr. Boilsk sync is the ratio of heat 
abeorbed by the steam to heat 
aupidied in fuel. Heat-balance 
calculations are made according 
to methods specified in the 
Boiler Test Cc^es, to allocate ^ 
ineflScient items. The largest 
loss in boiler operation is gen¬ 
erally represented in the sensi- 1.4 
ble heat of stack gases. Standby, 
banking losses, and variable 
loads always make the actual 
effic ‘lower than test figures; 

80% is readily obtained by well 0.8 
designed and operated modem 
plants; poor design, mainte- ’ 
nance, or operation may give 0.4 
effic below 50%. Actual evapo¬ 
ration, in lb steam per lb of 0.3 
fuel, is a convenient means of 
measuring effic. The evapo¬ 
ration factor is the ratio of ac- Fig 15. Variation of Steam Generating Unit First Cost, with 
tual heat added per lb of steam Si»e Pressure (Kolflat, Powerfa*. Winter, 1638) 

to Uie latent heat at 212° F 

(070.4 btu per lb). Equivalent evaporation is actual evaporation X evaporation factor, 
or lb of steam made from and at 212° F, per lb of fuel. 

Cotte of steam generating units, as influenced by size, type and press, are shown in 
Fig 14.16. 

6. STEAM TUHSmES 

Steam power prime movers are turbines or reciprocating engines. Turbines operate 
by steady flow, wito free expansion of steam to utilise the energy in its kinetic form; 
in engines, with intermittent flow and balanced expansion, the press acts on a piston. 

Turbines comprise a group of nozzles, in which steam expands and is accelerated in 

accordance with the relation, ■ (Hi - H») 778, where u - veloc, ft per see; 

H • enthalpy, btu per lb; subscripts 1 and 2 denote initial and final conditions. If 
Initiat"veloc u js zeTO, the veloo of the issuing steam jet is -• V2|;(Hi — Hj) 778 " 
523.5 Vent balp y drop. En thal py drop is most conveniently detemiined by a MoUier 
chart (Sec 39). The nozzles of impolsb tubbinbs are fixed in the casingj the issuing jet 
impinging on a row of curved vanes on the wheel periphery. By Newton s second lew of 
motion, the momentum of the fluid is altered by change in direction and magnitude by 
friction and impact, to give the turning effort. In hbaction ti'hbines the nozzles are 
on the moving wheel. Accel of the steam turns the wheel by the reactive force opposite 
to direction of the issuing jet, and in accordance with Newton s tlurd law. Commercial 
turbines employ both principles. Reaction turbines are distinguished by a P'‘®w drop 
•etoss the moving buckets. Vectorally, it can be demonstrated that for best effic the 
tip speed ahould be 40-45% of jet speed on impulse turbines, and 85-90% on 
turlnnis. Expansion from supply to exhaust press must be in stages, to keep the buctot 
speed witWn pracaeal Units (600 ft per sec). Impulse turbines may be of the hb-entby 
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Ttn, with staging on a single wheeL Steam passes several times tbrough the single zow 
of moving blades by means of fixed reversing buelce||^ Ibese turbines are suited to small 

sisee (100 kw); are inexpensive, and 
seldom exceed K% Ranldne effio ratio 
(50% of isentropie enthalpy drop). With 
multiplO'Whed construction, the staging 
may be veloc (Curtis) or press (Bateau). 
With vsnoorxT staoino, all expansion 
occurs in the row of fixed nossles, and 
steam flows axially through altomate 
rows of moving and reversing buckets. 
Curtis staging is practically limited to 2 
or 3 stages, due to friction losses. In 
FRasetma btaoing, tilie construction is 
oelliilar, with a single row of moving 
buckets in each cell and nossles in the 
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Fig 16. 


lOO 200 
SanUne Effio RsHm of Small Steam 
Turbines 


1 ?^-* - _*** separating diaphra^s. With the reac¬ 

tion principle, multiple rows of fixed and 
moving nossles give the Parsons design. 
Commercial turbines are combinations of these types, with drive either direct or geai^. 

Turbine sises as small as 5 kw, and as large as 60 000 kw at 3 600 rpm avtulable; 
when less than 250 kw they have advantages of high speed, low first cost, and small floor 
epace, but are less effic than reciprocating 
engines. Blade heights are limited to 0.5 in 
minimum, due to friction losses, and 40 in 
max, because of structural problems. Blade 
V)eeds of 500 ft per sec are common, but 
special designs may run at 1 200 ft. Tur¬ 
bines con utilise the hipest vacua. Steam 
temp is fixed by the allowable moisture in 
the exhaust (not more than 10-12%); more 
moisture causes excessive vane erosion and 
increased water rate; reduction of 1% mois- 
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tureinBny8tageoau8eBapproxl%improve- Hankine Effio Ratios’of Steam Turbine 

ment in in that stage. Proper selection Generator Sets 

of material, as stainless steels and irons, 

reduces erosion. Labsnrinth packings and glands decrease interstage leakage. Fig 16, 17 
show typical Rankine effic ratios; effic is not limited to these data, but it is difficult to 
justify hifl^r values. 


Table 14. First Cost of Turbine-generator Sets, 750^ Steam Temp 


A. Condensing unite 

B Nun-condenaing unite 

Steam 
press, 
lb per 
sq in 

Sise, kw 

Cost 

Steam 
prees, 
lb per 
eqin 

Back 
preae, 
lb per 
sq in 

Sise, kw 

Cost 

200-450 

200-450 

451-650 

451-650 

631-050 

500-5 000 

5 000-7 500 
500-5 000 

5 000-7 500 

5 000-7 500 

$17 000+ l8 6Xkw 

5 000 + 21 X kw 

17 000 + 20 X kw 

5 000 + 22 5 X kw 
15 000 + 22.2 X kw 

450 

450 

451- 650 
451- 650 
651- 850 
651- 850 
851-i 450 

0-215 

0-215 

0-265 

0-265 

0-265 

0-265 

200+ 

500-5 000 
5 000-7 500 
500-5 000 
5 000-7 300 
2 000-5 000 
5 000-7 500 
5 000-7 500 

$13 000+ l7Xkw 
3000+ 21 Xkw 
l6 000 + 20Xkw 
6 000 + 22 X kw 
24 000 + 20 Xkw 
n 000+22.3 Xkw 
21 000 + 23 X kw 


Table 16. Effect of Size of Turbo-generatora on Price 
(Clarke. Industrial Power, Trana ASME, 1939) 


Rating, kw 

Cast per 
kw, % 

Rating, kw 

Coat per 
kw, % 

1 000 

Base 

7 500 

0.625 

1500 

0.850 

10 000 

0.607 

SODO 

0.775 

15 000 

0.652 

2500 

0.730 

25 000 

0.623 

-.AS2!_ 

0.635 

50 000 

0.462 


Turbinn are governed by throt¬ 
tling the eteam eupply, or eutting cut 
noeelee on the first stage: the former 
is less expensive but leae effio at light 
loads. Water rates, at part loads, ean 
be estimated if a WiUane’ line (See39) 
is used with an intercept (no load) 
eteam flow of 10-25% of fulUoadSow. 
An internal governor may be built 
into the turbine to maintoitt oonsiant 
press at a selected extraction point. 
For costs of turtdne generator seta, 
see Table U, 16. 
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STEAir ENGINES 


tion d{, highest vacua. Max sise for en- 
gizi^ 6 000 kw; for turbiixes, 200 000 kw. 
fiiilaes leas than 250 kw, engines have better 
watw rates than ttirbines. In large sixes 
turbines give max steam economy. En¬ 
gines are suited to direct drive of air 
and refrigeration compressors, and piston 
pomps; turbines, to direct ^ve of elec 
generators, centrifugal pumps and fans, and 
turbo blowers. 


Table 16. Steam Engine Diagram Factors « 
at Sated Load 

Overall range, extrenM oonditions.. 0,50-0.95 
Usual range, normal condltiona.... 0.75-0.95 

Simple, elide valve, email aim. O.SO-O.M 

Simide, single valve, automatic, 

well maintained.... 0,80-0.90 

Uniflow. 0.85-0.95 

Simple, foiff valve, or Corliea. 0.85-0.95 

Compound, four valve. 0.75-0,85 



■LHHX 

HBKiasinHi 


10 20 80 M 60 W 10 80 90 100 110 120 
Fig 18. Typical Steam Enpne Water-rate Curves 


Enginee m vert, horia, angle, or inclined; * Diagram factor i-Actual mep4>hypothetical mep 
Biiigle or multi-cylinder; simple or compound; 

condensing or non-condensing; uniflow or oounterflow. Single-valve an ginwi (D-elide, or 

piston valve) iwevail on eiaee below 100 kw, one valve controlling admi«»inn gad release at both ends 

of the cylinder. Multiple-valvee divide 
these functions among mechanisms such 
as oscUlating plugs, pluga with tK#gear 
(Corliss), or poppet valves. In uniflow 
designs, exhaust is through a oentral 
ring of ports, as in 2-cyole intenial-com- 
bustion engines. 

Mean effective prcimrc. Hy¬ 
pothetical values are calculated by 
thermodimamio methods (See 30). 
Actual values are obtained by us¬ 
ing diagram factors (Table 16) as 
multipliers. Indicated hp (ihp) is 
then obtained by the equation ihp 

---• where mep - 

90 100 110 120 33 000 

Fig 18. Typical Steam Enpne Water-rate Curves mean effective press, lb per sq in; 

L stroke, ft; a » piston area, sqm; 
n •" <^cles completed per min. Mep is 50-100 Ib per sq in for the usual steam press of 
100-200 lb, and cutoff at 10-30% of stroke. The bore-stroke ratio ranges from stroke ~ 
1 X bore, to stroke ■■ 2 X bore, with 

1.25 rather common. Commerd^ sixes TT”” 

are 4 to 36 in stroke. Speed is primarily no----^ 

a matter of machine design. Slide or 

poppet valves prevail in the 300-rpm ---- — ^ 

group; plug arid Corliss valves in the ___ 

100-rpm group. Piston speeds are 500- | . ^ 

760 ft per min with the lower values on | so-^ ^ _ 

smaller engines. g ^ 

“ TO- --^-^4. - 

Cylinder condensatioa and internal leak- s ^ ^ 

■ge eauao higher actual water rate than OO--^ - 

computed from indicator cards; the increase ^ 4 

may reach 80 or 78%; good maintenance 5 M-- 

reduces leakage. Use of superheated ateam, « v* ^ 

and compound ot uniflow deeigns reduce g f® —y - 

cylinder oondenaation; 10“ superheat im- g ^ y' 4 

provea the Water rate about 1%. The p*®— -- 

economy of a dmple uniflow engine is nearly ' A—ftston valrc, throttle gbrerhed 

the same ea that of a compound engine. 7^ -B-Oompound. cutoff governed- 

The Rankiaa effle ratio of 500 hp enndenaing ,. _ C-Uulfl^w, ytof[ go^^emyl 

(8 in aba Hek preas) enginee is 00-70%; for t 1 \ 

non-condensing engines, the ratio is 8-10% I I iRst^ lond,^ ) 

higher. Smalter enginee, eepeciaUy elide- 102080 40 SO 60 10 90 90 too 110 

^ Typical Willans’ Linm for StoMn 

K a wkine ofne ratioa of W)-50%, when oper- Endnea 

noB-eondenaini. The friction mean 

ptase is 4^-10 ib per sq in, e^d reauUe ir meehadcel elEo of 85-08% at normal loads. 


^ y y A-Ptston vaire, throttle gorerhed 

-B~0ompottnd, cutoff governed— 

y OUnlflow, cutoff governed 

10-pp:] - rp - 

iRat^load,^ I 

102080 40 so 60 10 90 90 too 110 

Hg 10. Some Typical WiUans’ lines for Steam 
Enidnea 
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Oorerniiic and regiilatloi4.«itlier for oomtantior vatilible ipeed, it obtatited by throt- 
tling the Bteam, m varyinorthe cutoff; Fig 18 , 19 abow ootuparative aratbr t«tet« tud 

Table IT. Krtt Cotta of RedprocaiUtgStoaiBBnginet 2!S?*diffweat^5^* HyCSl 

' ' and flywhdW |||^mor« jg# not 

« ranaa, bp equally auitable to, all vatvip laad 


EHm^e ecgiitM 

Singla valve,’automatic. 40- 320 930+ 11.7 X bp 

Foiir^alve. ISO- 800 2 560 + 11.3 X bp 

CorMi,*alow Ipe^... .T 107- 575 3 410 + 6 8 X bp 

Ualfiow.f.... 350-1 000 3 900 + 14.6 X bp 

Four-valve, oroee-oom- 

pound. 480-1 250 5 420 + 12.7 X bp 

CorliM elowtpeed, 

crow-compound.. . 400- 650 7 HO + 7.6 X bp 


equally auitable to, all valt^ tend 
v^ve gear. “Automatib ” &|^nee 
have slide velvet, and use ffjrarjwd 
governors to ohangS' |he cutoff. 
Engines are made revermble by 
linkage mechanisms, which alter 
the valve eccentnc position or its 
equivalent. Some first cost data 
on reciprocating engines are given 
in Table 17. 


7. CONDENSING PLANT 

The expansion of a lb of steam from boiler press to high vacuum produces approx 
twice the *work that would be done by expansion to atmos press only. The condenser 



CondonMte 


fWater*- 


Fig 20. Surface CondenMr 


maintains the requisite vacuum. Engines can effectively utilise 25-26 in vacuum, while 
turbinM realise the full benefit of 28 or 29 in (referred to 29.92 in, standard sea-level 
barometer). Condensing plants aio not expensive, and are cue- 
tomary unless exhaust steam can be used for process heating 
purposes, or unless weight or bulk of equipment is prohibitive. f \ 

Condensers are of the mixture, contacting type, or surface, r—— | 

non-contacting (Pig 20, 21). Jets and sprays mix water and , r watew-T* 

steam in the former; m the latter, a bank of tubes, less than * I . . 

1 in diam, separate steam from water. In both, circulating ^ UtU t 

pumps bring the cooling water to the condenser; hot-well pumps M Spray ' 

remove the condensate (or mixed condensate and circulating Noids 

water), and air removal pumps abstract non-condensible gases 
which otherwise would accumulate and destroy the vacuum. A 
barometric leg may be substituted for the hot-well pump on a X————^ 
jet condenser to remove water by gravity. Jet condbnbebb \ / 

will not Tcidntaiii the highest vacua, nor preserve distilled con- \ / 

densate; hence, used only in small plants, with low steam press, \ § / 

and reciprocating engines. In subfacb conobnsxbs, water gen- ill 

erally flows through copper alloy tubes, steam surrounding the ill 

tubes, which are within a steel or 0-1 shell. I ^ I 

Vgihium is obtained in accord with the vapor tension curve for jfjg 21 Jet Condenser 
gtegaii; lowest available temp is the atmos; latent heat of exhaust 
atMtB must be absorbed at tois level. Water is preferable to air for cooUng, due to its 


WM± 

Bpr*r 

Noide 


Fig 21 Jet Condeneer 


atMMPi must be absorbed at this level. Water is preferable to air lor <wung, aus w w 
heat oapae. Allowable temp rise of oireulating water is limited, to m a in t a i n 
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Fig 22. 


Hypothetical Condeoaer Circulating Water 
Requirementa (29.92 in Barometer) 


lowegt|ffaqMwJg t i|g iH tttap. 1^8 22 tfhrea ks^potbetioal water requiraoMlitg for •bitTMtlgd 

letMrt heat of di^,vteain at varioua vaeda; actual oondMiaer apecifleatio&a oftaa lua 
WK) btu per Ib'latent heat with turbinesi and 1000 btu par lb wdth reoiptoeatinc 
AUeeraUe wategyerWjy riae is uaually 10-20° F. 

itUfl traorfw tataa vary with water rdoe, surface cleanlineas, water and steam distribution, 
tube Am and spacing, surface drainage, and air eonoentration. Heat transfer fdation is C Vwj 

' jAere V ■* heat tranafer rate, btu per hr 
yaraq ft abr^deg F; F > water ydoc, ft 
per see; Q (constant) » 251 for 1-in, and 
270 for 0,75-in tubes. Heat transfer ratee 
an 400-800 btu per hr pet aq ft per deg F, 
wUh the veloe oi 3-8 ft per eec. The sur¬ 
face required is usually 0.5-2 aq ft per kw 
of oapao. The above formula (given by 
*' Standards of Heat Exchange Inst,” Con¬ 
denser Section, p 7, edn 1939) is used by 
leading oondeuaer makers. 

Condenser tubes are mounted in the 
tube sheets: (1) with ferrules and packings 
at both ends: (2) rolled at one end and 
packed at the other; (3) rolled at both 
ends with floating heada or bowed tubes. 

Tubes are kept dean by chlorination of 
droulating water, or by mechanical elean- 
ere, as wire bruehee or rubber dugs. An- 
vamAan or tm coHoaNaaBS are cheap- 
neae, lower maintenance, lesa space, and 
fewer eomplioations; surface condensers 
preserve pure feed, and gix e better vacuum. 

Oreulatiiig pumps are of high eapao 
(0.5-2.0 Mi per min pet k«) and low bead 
(15-30 ft with surface condensers). The 
eirculatary system is a ayphon loop, the 
pump having only to provide tot friction 
and veloe heada. Centrifugal and pro¬ 
peller types are best for this service, but direct-acting pumps can be used on email installations. 
Surface condenser, BOT-wai. 1 . puisra, have 0 01-0 04 the oapao of circulating pumps; beads usually 
100-200 ft. Centi^ugal pumps prevail in larger installationa Am pumss may be wet vacuum, re¬ 
moving botb air and oondenaate, or dry vacuum, handling only air. The former are iwed only for 
eapac, and may be reciprocating or rotary; dry vacuum pumps may be redproeating, rotary, 
hydraulic jet, or steam jet. The latter prevails because ot emsdi bulk and low coat, and is made in 

1, 2 or 3 stages, with beat recovery 
condensers after each stage. Air 
pump eapacities for 25 000 lb of 
steam condensed per hr are 0.25 lb 
dry air per min for turbines andO.5 lb 
for engines. Atmoephericrehefvatvea 
protect eondenaers from poaitive 
preesuree due to interruption of the 
circulating water supply. Vacuum 
breakers prevent flooding the prime 
mover if the water level runs too 
high on a jet oondenser. 

Clrculmting watw supply may 
be from natural or reclaimed 
Bource; it should be as cold as 
possible. The discharge should 
not mix with the cooler supply. 
Intake systems are protected by 
screens and racks to remove 
rubblidi. If the natural supply" 
is inadequate, reclaimed water 
can be used with an evaporation 
loss of 1-2%. Spray ponds and 
nrwiiing towets Increase power requirements, because of the 6-10 lb per sq in noasle 
riTfisn awd elsvatcd head, 

Coet of coiuieiMing systems. isr$3-$6 per sq ft of wndenaing 

Feed wutdt heaten are most important devices. 2 

exiraeted steam for heating givee an approx 1% fuel saving for each 25 deg F, neaiw^ 
pu«e> justify hen^ tQ 200° or 220“ F. The greatest economy resulU when max wwds 
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Fig 28. Feed-water Heat SaviM by Extractic*^ 
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iatdlitaiiMdfMsnibtiUMmbeloreuijlntf itforlMtias. Ma£Buidt>«iteMikn4lME*lM^^ 
•ivMiB«xtfMliVMiMi(«MFic23}. Opbm Uaixm lok Btaam UKl fMd bgr UM of apratya 
aad tmjra, with heat flzehaac* mtiM of 200 000 btu par Iv per ou ft of'oopteet epMP 
Cpoeso KfATue have a tube bank with wat^ inside and steam outside the tubes. * Tubes 
are leas than I ha diam and may be straight, plain, corrugated, U-ahaped, spiral, cwhelioal, 
with provisions for expansion and cleaning. Heat transfer rates are 260-750 btu per hr 
per sq ft per deg F, wi^ terminal temp differences of 2‘-10* F. Some advantaeps Of open. 
heaters are: (1) higher feed temp with same steam press; C2} convenient predi^tatlett 
and removal of salta and scale; (3) degasification of feed, if inroperly vented. Closed 
heater advantages: are adaptability to any opentting press; feed pumps can be placed 
before or after the beater; and contamination of otherwise pure feed by oily or dirty 
exhaust steam is prevented. Closed heaters vary widely in price, according to prfsnire; 
$6-$10 per sq ft being typical. 


8. FEED-WATER HEATING AND PURIFICATION 

Injurious substances occur in practically all water. They are detrimental either to 
the boilers or to their proper operation. Troubles from impure feed water are: forma* 
tion of scale, corrosion, and priming or foaming. Solid matter may be precipitated as 
sediment, or may form scale on the beating suTfaoe. SsniHsicr causes little trouble; 
it is rdkt^ly drawn off at the blow-off. ScAna seriously retards heat transfer, and if 
allowed to accumulate the heat may weaken the metal sufficiently to cause rupture. 
ConaosiON causes general weakening of the boiler, finally resulting in a Inwakdown at 
some point. Pbhiimq catises steam to carry with it more or less water, which, if it enters 
an engine eyl in sufficient quantity, may blow-out the cyl head. Subbtances causing 
these troubles may be natural constituents of the water, or be due to waste from a plant 
or factory at a higher point on the stream from which the water is drawn. Where the 
condensed steam from surface condensers is pumped back to the boilers the oil should be 
effectively separated. Condensed steam from turbines does not give trouble, as oil is 
used only in the bearings. 

Water (reataeat. Scale-foriniiis sufastanoeB may be precipitated by beatiag or by adcUng 
ehemioals to the water supjdy, and eliminated by filtration; or ohemioale may be added to the feed 
water to eauee the solid mattor to form ae a sediment instead of intrusting the heating surfaoe. 
^ti.«eale ehemicals are known as boilxx ooKPonnna. Substanoee causing corrosion or priming 
are treated in a similar manner. Electrolytic action, sometimes causing pitting and corrosion, may 
be neutralised by hanging sine jdates inside the bmler, 


Table 18. Feed-water Purification 


Tronble 


Inerustatioa. 


Cause 

Sediment, mud. 

Readily soluUe salts 
Bicarb of magnesia. 

lime, iron. 

Organic matter.. 

Sulphate of lime 


Remedy 




Oorresiab. 


Frimlog. 


Organic matter.| 

Grease, oil.| 

Chloride or sulphate of magnesium.. j 

Rugars, acid. ) 

Dissolved COj and O. 

Eleotrolyrio action. 

r Sewage.| 

j AUmlics. 

I Sodium carbonate in large quantities.. 


Filtration 

Blowing off Heating feed water 
and precipitating caustic soda, 
lime, and magnesia 

Bee Sewage, below 

Sodium carbonate 

Barium chloride 

Precipitate with alum or ferrio dblcr- 
ide and filter 

Add slaked lime or sodium oaih and 
filter 

Sodium carbonate 

Slaked lime, caustic soda; heating 

Zinc plates 

Preeiintate with alum or fen^ chlor¬ 
ide, and filter 

Heat feed watm and (srecipitate 

Barium chloride 


ImpuM feed water should be analysed, to determine what it contains and the remedy, and aJic 
the ^ of s^ds in a given wt of water and hence the proper wt of diemieals to be adiM for »eu- 
traUiing. tioilar compounds, if used in a»Mesive quantity, may themselveB cause boiler trouWea. 
AvoM ettifWVet preparatimia. They are rither wmthlew or contain ordinary dieinicals for wliicb 
I hi ^targad undar tbc name of a epecial preparation. In tba Utter edee it U only a 
that tba ehamicais ara auited to the watir. A number of ooucene apariaUac in 
ileid water. . # 
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TIm imuortaaM of proper treatmont is ahowii by tho extonoivo puiifioatioii o«toau 
4ostaU«d at inaAy laifa plants. Er^UPOHAincnu. Tbe most effeotiv* treatmaot of feed 
water is by a dos^ iso 
egretem and addBng only pure 
distilled water as make-^p. ”” 

On straight power oydes iw 
. the makeup is only 1-3%. go 
When'make-up is too high, 
evaporators may be pro* 
duded. When used they " 
are single or multiple in to 
effect, and of submerged so 
tube or circulating tirpes. ^ 

Cleanability of their sur- 
faces is of prime impor- ^ 
tance. Dissolved oxygen in 20 
feed water corrodes sted jg 
parts of boilers emd econo- ^ 
misers; it is removed by 



ItS’lBBSSBSESXI 


200 400 800 800 1000 1200 1400 18110 1808 

nn-ABBSTOBS, of either the Fig 24. Visooeity of Gases, Calculated by Sntberland'a Fouatioa 
chemical, or more generally 

the mechanical type. They resemble an open heater, but must have a scrubbing action, 
mod not less than 30° temp rise to sweep the entrained O from the water. They operate 

at either positive or negative press. 



Good designs of condenser hot- 
wells will give O concentrations 
as low as 0.03 co per liter, but for 
greater purification a separate de¬ 
aerator is necessary. 


, 9. PIPING AND DUCT 

I SYSTEMS 

e 

e Selection of piping and duct 
b dses is a matter of balancing the 
& operating cost, due to loss of energy 
iooo£ by friction, against investment 
. charges, to give the lowest total 
cost. Friction drops in straight 
pipe are determined by the rela- 

400 tion: AH -• Cd - Cp ~ , 

where AH » head loss due to fric¬ 
tion, ft of fluid; L ■> length, ft; 
e ■■ aver veloc, ft per sec; g ■■ 
gravitational accel, 32.2 ft i>er eee*; 
D •- pipe diam, ft; m ■■ mean 
hydraulic depth, ft « D -h 4 for 
round pipe; Cp is the friction 
factor defining the flow pattern, 
and is a function of the “Remolds* 
Kumber” (see Sec 39). The Rey¬ 
nolds’ Number can be c^culat^ 
from Fiff 24, 25, 26. Data on Cp 
are in Fig 27. When an approx 
solution is sought, Cp can be tr ken 
ioo 400 MO 800 TOO 800 800 «m " O OOfi .for m<Mt iurt 

Tcmpenture, dag F Bad pipe installations. For the 

^ allowable piling vdoc, see 

FIg«5. Vlscotity of Steam Table 19. The friction drop caused 

A < by fittings is generally expresaed 

ig Aff * F “, where F « fesistanee <»eff, tor which typical values are given in Table 20, 

forapppctt eetimatM. 
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POWZJB AND POWtR KACHXNEBT 


EowA to a Jdbilt Meanary in pip* Haw aubjaet io tonp dMUicea. PIpiac attipt itmtnp* 
portad thataadaBiapiag thrmto wiU occur oa oonnaotad equipmant. lltay mustlM&n^ aanhorM 
at iaMrrab; mq^portod bjr baagen, Ooor ataadt, or wall bcaelcata; aad bava looc-radiiia b^opa. 
U banda, alaeva, ^p, or bAom jdata for eapanaion aad ooatraoiioa. Baafota pantit aMimiMBt 
by awinidog: braakata aad ataada baya roUota. 


80 MM M » 80 « 100 UO 1» 180 MO SM 



loo 200 800 400 MO WO 


Fig 26. Viaooaity of Water 

Plpa laaal at l a g corariaga. Cork, bair and felt are uaed for refrigeration and water pipw; 
waterproofed againat external moiature eondenaation. Air-cell oovering ia aatiafaotwy for ataam 
temp below 260* F, while mizturea of magnesia and aabwtoa, in powdered or molded form with a 
elo^ cover, an uaed for higher ateam temp. Piping identification can be provided by color sohemea, 
but inatruotional atencils on tbdr surface an mon affectiva. 


TfiUa U. Allowable Velodtiea in Kpaa 
and Dttctg 


Table 10. Friction Faetora for Pipe nMnca' 



Fitting 


Elbow, standard, 90. 

Elbow, long sweep, 90*. 

Elbow, blade. 

Elbow, 45*. 

Gate ^vD. 

Globe valve. 

Orifice, sharp edge.. 

Orifice, bdl mouth. 

Re-entrantnosala, L > Sdiam 

Tee, Btrai|d>t run. 

Tee, turn. 


Faotcr 



3Pf>inage o( ateam linaa preventa dangeroua aocumulation of oondenaafee. Simplb 
ebuahm or drop lege may be need, with ot without aupplamentary aepaiatpta* 
iinpMu.TOB typea: (1) revwae eurrent; (2) centrifugal; (3) baffle plate; (4) 
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DndAltti ahuabm •koold bEv* auffieimt tutkagc, wmtm tl4cm, aUmm Md Vj imsin 
vKAn sutOBiatiOElly tbiaove drips# without sUowiasstssin to ssespo; tboy ooioprfM: dost, buokot* 
gn/fltyt diffcrsatisl upumon# ihsraMntetio, sad disphiwaiia. A OMousUy op«r»tsd by-^jsias is 
tiba trap is out of otdor. Drips are ooOeoted in • tank, bob-w^, or open haaisr. 



d ■■ (Ham of dart, ft Cj} « fricdon factor (abovs (iimram) 

S — mean Tslodty# ft per oeo L * length of duet, ft 

- .j j .. lb per eu ft j , 1 . 2 Cjjp^L 

p ■■ fluid density » —^ 2 2 - Press drop, Ib per sq ft — 

H m viscosity, lb arc per sq ft 

Diam of duet, inches (for drawn tubing, actual inside diam) 



Rough¬ 

ness, 

percent 


Clean, 

galvanised 

steel 

Best cast 

\ Aver cast 

First dess 

Drawn 

Curve 

Clean steel, 
wrought iron 

iron, cement, 
light-nveted 
steel 

iron, roufth' 

formea 

concrete 

brick, heavy- 
and apiral- 
riveted steel 

tubing, tin# 
brass, lead, 
glass 

1 

0.2 

0.45 

72 





0.35 up 

2 

48-66 





3 

0.81 

14-42 

30 

48-96 

96 

220 


4 

1.35 

6-12 

10-24 

20-48 

42-96 

84-204 


5 

2.1 

4-5 

6^8 

12-16 

24-36 

48-72 


6 

3.0 

2-3 

3-5 

5-10 

10-20 

20-42 


7 

3.8 


21/2 

"fj. 

3-4 

6-8 

16-18 


8 

9 

4.8 

6.0 

n/V'"* 

4-5 

3 

10-14 

8 


10 

tl 

7.2 

10.5 


T 

*/4 

jv, 


5 

4 


12 

14.5 

19.0 

{(J 

V8 



3 


13 





14 

24.0 

28.0 

«/8 

1 



Vs 

. 15 





16 

31.5 


V4 





17. 

34.0 





0 06 

18 

37.5 

. 

V# 


. 



Fig 27. Flow of Fluids in Closed Conduits (Figott) 


10. WATER WHEELS 

WMM wlMols function as demonstrated by Bernoulli's principle, relating the potential# 
prees, dwd Iduetie enettEF# (tt entrance to and exit from the wheel. The obsolete over-shot 
erheeis directly utilise the wt of vrater as potential energy. Moderp water-wheels, like 
eteam iurbinee, function on the conversion of static into veloc energy. iBfyviiia whbbxa 
(01g 9^. The Tdoo is generated in fixed nossles, the emergent stream impinging >011 
bndcsts mounted on tiie wheel periphery. With bbaottoh wamtie (Fig 29) the bossIm 
Mgln tibe numer. There must be some aooei in the epeod ring# to bring the water to tlie 
wkeil with proper entraooe veloc; vaiying degrees of aeeti we therafoie lecfuired in the 
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POWER AND POWER MACHINEBT 


aidoci of tsnpM of whod. Hie vaotor diHCnme of ffg 30 oro Fig 

90(ft) ihowi the impolse wheel, where the entire neoti is in fixed noesIoB; «t •* C^VjSfH* 
ndMtte *1 » jet epei^ ft per leo; H m heed, ft; end ■■ 0.98-0.90, eoeff veloe. 
If the noeele engle fi were mco, end 180^ revenal were etteineble in the buokete (at €!)« 



Fig 28. ImpulM Water Whed 


then, for best energy utfiisetion, bucket speed u would be half the jet speed «i. As eomiilete 
revenel is impossible in practice, impulse wheels operate with bucket speed 0.42-0.45 X 
Jet speed. If the conversion of head into veloe is only partial, in the fixed nosslee, and ex¬ 
pansion oompleted in nossles on the wheel, then vector diagrams, 30(b), 30(c) obtain. 



Vlg 20. Francia Ssaotion Water Whad and fietting 


With less expansion in the casing 
nossles, the jet vdoc becomes pro¬ 
gressively sinaller and the entrance 
vane angle, a is increased for max 
efSo. The ratio of bucket to jet 
speed (ut vi) is therefore about 
0.9 in Fig 30(b), and may range to 
1.5 to 2.0, as in Fig 30(o). Fig 
80(a) is tyiHcal of Felton wheels. 
Fig 30(b) of mixed press Francis 
runners, and Fig 30(e) of propeller 
wheels. The exit veloe triangles 
diould always give mimmum length 
for the final water veloe, «t; at¬ 
tained when perpendicular to wj, 
and only for one condition of flow. 
Eific curves must therefore show 
a peak value. In commercial de- 
ngns the vector diagrams are more 
oompheated, due to three-dimen¬ 
sional flow considerations. 

Felton wheel (Fig X) ie the 
only impulse wheel importance. 
The water jet is erea^ in « 
stream-lined needle nossle; only I 
or 2 jets are used whed. Oov- 
eniing and regulation is by use of 
a deflecting hinged nossle, or a 
double nossle, the lower one being 
for waste and opens only during 
load changes to avtad water hasn^ 


mer. 


. ReaetiOB wheels operate full of water, as required by the eritetkni of a press drop 
Rgoi^ph thd runiier. Fig 29 shows how the water is l8oi;^t through a sonerete, C-I, or 
^iM^plate teroU to the gate ting aitd ninxiCT Hiewater is aeoetarated partiy in i^eee^ 
with vector revairsments, and is directed fay Uie speed zing to the ntzmer pswuges. 




WATBB WBESLS 
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TIm Inward nwlial, nod mibMqoeat nxinl. flow eompleto the «ziMiuioti. Wafer is die- 
charged to a draft tube; thonoo to tiM tail race. Control and regidation are ttnoug^ the 
gate aettinge. Gates may be wlokat. regieter, or oylindrieal. FaaK<na Bomnsa, with 
inward radial flow, predondnatee for heads of fiO-500 ft. At less ♦ Vn fiOO ft, the flow 
beoomes more axial (Kg 31), ultimately reaching the propdier lype. This results in high, 
sustained effio; see Fig 32, which indudes other curves for comparison. Propeller wheels 




«a 


Snbacrlpt 1, appOes to Inlet condlttonn tito exA 
■V « sbe water veloc; 

Knatw tmeket veloc; 

Was relattve veloc, water to bnoket: 
as: vane angle: 
nosale angle. 

Kg 30. Water-idieel Veetor IMagrams 


are generally for heads under 100 ft. Kapi.aK bitnhbb vanes are adjustable and under 

rpm X (bbp)*^ 

governor oontroL Braoino bpkbd, N ,, defined by iV» ■■ —' (hpajp-M — ’ • 


rer per «iif> of the runner; bhp brake hp; bead « head of water, ft. Spedfio speed, 
a eritericn that exactly claasifiee a runner (Kg 31), is the speed at which an homologous 
(unnar irf proper diam would run in order to develop 1 hp under 1 ft head. It is usually 
^ett for the point of man effio, or at rating. High speo speed means a higb<apaad runnsr. 
with low hea^ the praetieal problsm is to make the rotative speed high enough. Henoe, 
Irfidk gpep qieeds are lor low-hWl serviee, and vice versa. 


ikg 33 Mitsi— ourvsa from nttmerous iastellattoas and anthoritisa, to show tiia niatfcM 
twasB apes apssd mel hsed. The spec speed of Palton whssb is fixed by the retie cf sdieil and 



40-26 


ns 31. Compul 
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^60 

Si 60 

40 


80 
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WMrER WHEEI49 
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j«( dOMB, uid.ta iaCTMiad bjr tbe Bqiiare root of tho nnnbor of joti. Oomaorciil opoo opoodi oro: 
S-d oa Poltoa whoeb; Id-flO on Frando; 50-100 on mlMd-proH whaelai and 100-200 on propellot 
and Kaplan wbaata. All oomoMraial runnora asoapt tho Pdton oparata full of aratar and haaea 
raquira a oontinuoua watar ooluam froin haad to tail raea. Tha runner diwAaria ooaaaotion ia aot a 
ainpla pipe, but a naafr tosb. for the aupplamentary purpoaaa of ptaeiac tbe naohiaery aafal} 
above tail watar without loai of avaOabla head, and radudnc to a nodigibla amount tha loaa inddant 
tp the diaebaria veloo from tha runner. A plain cylindrical tuba aatiafiaa tha firat rapuiramant, but 
a eoaical tuba la needed for tha aaoond. While tha theoretic beluht ia tha baromcMc (33.8 ft at 
aaa lavd)t tha practical hdeht ia generally about 20 ft, baeauaa of veloo convatdoa, vapor praaa, 



air in adutioa, cavitation, and vibration. Draft tubaa are uaually of ooncreta, tha derign depending 
on aita coaditiona. Draft-tuba effic ia the ratio of regain of praaa energy in tha tube to veloc energy 
at ita antraaca: valuea run to 90% on the beat deaigna. 

Coat of hydraulio torbiiies variea widely, beeauae moot inataUationg an of gpaoial 
dgaign. Wheel and geoierator coat $20-$50 per kw; the lower prioee for large aiae and 
high 'hvbiiie and generator uaually repreaent only a mzwll part of total ooet of 

plattt, wh ioh miQr he $10^4400 per kw of oapao. Bdoat of the cost ia for gtruotorei^ 
epUlwayV) head and tail works, land, and water ti^ti. 








FOKTEB AND DOWNS MACHIKBNY 




HMd. Thtt vqumu jwiauxo vbad of fluid iTDH) in ft deliTetod hy » jmmp is ri us a 

yj 

hjr; TDB A» +■ + d, wflere A« » suotion' head, ft, jneasursd i by • 

cage on 'the suetion side; Arf discharge head, ft, measured by a gage at foot of oolundi. 
jdpe; Yt ■> veloo, ft per sec, in suotion pipe at gf^e point; Vg « veloc in discha^ pipe 

at gage point; d m vert distance, 



ft, between gage centers. Suo* 
TiON HKAD A« w pipe entrance 

y t 

head loss + ——|- suction-pipe 

friction loss + auction lift. Dis- 
OHABOE BBAD hd Static head 
at piunp + discharge pipe fric¬ 
tion loss to gage point. 

Water may be brought to the 
pump under negative press (suc¬ 
tion lift) or positive press (suction 
head). With suction urr, ^e 
fluid enters the pump by atmos 
press on the free liquid surface 
in the well or sump. I'heoretical 
lift equals barom press in ft of 
fluid (33.8 ft at sea level). Ac¬ 
tual allowable suction'lift, A., is 
equal to this barom head Aa, 
minus the following: (1) h^p 
vapor press of the liquid; (2) ■■ 

veloo head in the suction pipe; (3) hg m press of gas in solution; (4) h/ » friction loss 
in suction pipe. Conservative practice requires inclusion of a safety factor. In Fig 34 
are given practical data. With liquids at or near the flash point, the fluid must be fed 
to the pump under positive head, to prevent separation in the column and cavitation. 
Thick liquids must flow to pumps under positive press. 

Capacity is the net useful vol delivered per unit of time, expressed as gal per min (gpm). 
With positive pumps, piston displacement is sometimes listed as capac. . 


Tig 34. 


Theoretical and Practical Suotion Lifts for Water 
at Various Temps 



Bp gad ^c. I^liaoretioal water hp is given by tcAp ■■ 

loAp ' . / , 

'Mechanical ^^c, n,« ^ X 100, where bhp is loake Standard dituuty.ijSed.jl'M .• 

water is S2A18 lb pw eu ft, at.68® F. Durr of a pui»p4i the ft lb energy delivered to 
the water per miffion btu (the term ie^gradiially bung abai^cmed). Sup ie lose in dis^ 
placement dne to internal leakage and abort itiroking express^ as a percentageof di^pbtce^ . 
'paent; usually less than 6%. Sizs designation. An«6 by S 1^ i2*in'direot-adttng pump^ 
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Fig 37. Ovtaidb, Knd-paeked Plunger Pump 


iiM 'S4II dism steam eyl, 6>m ’Wjs.tst ojdi and 12H& atrdce. A 8>ia pumpr veeiitfooatlnc etc 
centrifugal, means 6-in nominal 
pipe sue for discharge. Cla.ssifi« 
catioN: (a) Positive displacement, 
including renprocating, direct-act¬ 
ing and power pumps, and rotary 
pumps; (6) Steady flow, jet and 
yane pumps, including centrifugal 
and axial-flow propeller pumps. 

Reciprocating pumps. Water- 
end classification comprises tiie 
nmplex pump, having one water 
cyl; duplex, with 2 water cylin¬ 
ders in parallel; and triplex, with 
3 water cylinders. A pump is 
single-acting'when it takes water 
on one side of the piston only, and double-acting when it takes water on both sides. 

The water eyi has a piston or plunger. A 
piston, making a loose fit in the cyl (Fig 35), 
is packed with, hemp or metallic packing ring. 
Piston-and-ring pump (Fig 36) ia a cheaper 
construction, but ia apt to score with gritty 
water. Both types permit undetected leak¬ 
age past the piston. They may be used for 
heads up to 1.50 lb per sq in. For pressures 
of 150-300 lb, outside-packed plunger pumps 
(Fig 37, 38) are recommended; for pressures 
exceeding 300 lb they are neeeesary. With 
i outside packing leakage is readily detected, 
and stopped while the pump is running. Seor- 
ing (cutting) of the plunger ia also plainly 
visible. Plunger pumps cost more than piston. 

When both suction and discharge vidves 
are above the barrel (Fig 35, 37), the pump 
is of the submerged type; when the suction 
valves are below (Fig 36) it is of the straight¬ 
way type. Submerged type is used for hot 
liquids and condenser serviM, the pistons 
being surrounded by cool and de-aerated 
water, which protecte the packing and im¬ 
proves suction action. But, as 6ow of water 
in the cyl is reversed at every stroke, it is not 
recommended for strokes over 14 in. Straight¬ 
way type costa more, but the water has a more 
direct flow through the pump, and ie therefore 
used for high water veloo. 

Direct-acting pump has the water pis¬ 
ton or plunger directly connected to steam 
end, through the piston rod. Steam-end 
classification: pumps are simple, com¬ 
pound, and triple expansion, according 
as each water cyl is served by a siagle 
steam cyl, a high and low-press cyl, or a 
high, intermediate, and low-press cyl. A 
crank shaft, connecting rod and flywheel 
are used in some steam designs. If motor- 
driven, the pump is called a power pump; 
Fig 39 shows a triplex ptunp of this type. 
Cylinders of all designs may be single, 
duplex or triplex. Water flow through a 
reciprocating pump is intermittent. Use 
of several cylinders and aib OHAmBBa 
adds uniformity of flow and reduces shocks. 
Air chamtsers are generally mounted OB 
the delivery side, and vacuuio. bhaxabem 
are sometimes uiwkl on the suctioa ride, 
piston displacement on simplex pumps; 



FSic3A 


Tert Ffunger.liking Fump 


__Junga_ 

(lageni^Raad) 

iir Sihiunbar volnme should be‘'6-fl times 
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POW£B AND POWSB BCACHINEBT 


8-4 timM, on doplos pomps; tbs ehunbon diould liavo n fsco i^ass and moant for air 
charging. * 

Bodprooating pumpa (Table 21—25) have 2 to 86 in strcAot the water oyl bore being 

0.3-0.7 times the stroke. Actual stroke of steam 
pumps is 0.7~0.9 of rated stroke; power and eranko 
and^ywheel pumps do not ahort^rtroke. Piston 
apeeds and rpm are low, to reduce shock and 
tation. Ilg 40 contains recommendations of fly- 
draulio Inst for standard pumps handling wateoi 
or liquids with viscosity leas than 200, Saybolt 
ITnivwrsal. Higher speeds are obtainable with posi¬ 
tive suction fe^. 

Commercial dassffleation: RBOoiJLBi.T-rrmD 
piunp has a C-I plunger or ^ston working in a 
bronse ting, liner, or sleeve; piston rod is of sted, 
and valve seats, springs, and all inside bolts and 
nuts, are of bronse; valve disks, of rubber or bronse. 
BaASS-PiTTBD. B^des the bronse of legulariy- 
fitted pumps, the rods are of "tobin bronse,*' piston 
is solid bronse or bronse-lined, and stuffing-box 
throats and glands are broiue4ined. In auu-xboh 
nmiD pumps, for ammonia or tar, no bronse comes 
into contact with the fluid pumped. Valve seats 
are of malleable iron, springs of st^, the C-1 piston 
works in the solid-bore of the cyl, smd plunger 
nuts are iron. Aut-bbonsb pumps, for acids that 
attack iron, are entirely of bronse, which in some 
oases must contain no sine. Iaad and wooD-uiraip 
pumps. Large pumps, too costly if of bronse, may 
be made of iron, with the interior lined with an 
acid-resisting material, as lead, wood, or cement. 
By iiABOB opxKTKOB is meant that the valve seats are not obstructed by nbs. Ball or 
elMk valves are of tiiis type (see below). 

Spedal-fltted ” pumps for different liquids: 


How fitted " Liquid pumped *' How fitted liquid pumped 

All-Iron. Ammonia Regularly-fitted Calcium brine 

. Bichloride of mercury “ “ Calaum chlorate 

“ . Calcium chloride " “ Citric acid , 

" . Cauatiosoda " " Cyanide of potassium 

Braai-fittod. Brine Lead-lined, no sine. Hydrochloric acid 

•• •• . Copper Uquore . .. Hydroeulphltc acid 

*' “ . Olyeerinc; oils All-bronae, or lead or 1 


" (large oponinga) Sewaga wood-lined C-I, no > Sulphuric acid 

alao j 


TaUe 21. Simplex Piston Pumps for General Service 


Diam 
atesm 
cyl, in 

IMam 
water 
oyl, in 

Stroke, 

IB 

Oalper 

atroke 

Capacity 
at ordi- 
sary 

apeed, gal 
per min 

Steam 
pipe, m 

Dis¬ 
charge 
pipe, in 

Floor 
apace, in 

Wt,lb 

Priee, 

iron 

water cyl, 
steel pis¬ 
ton rod 

4 


6 

0 041 

12 

»/8 

1 

40X10 

210 

1244 

5 


« 

0.12 

14 

Vs 

1 25 

40X11 

260 

240 

6 


7 

0.21 

24 

V4 

1.5 

47X13 

418 

330 

7 


7 


50 

V4 

2 

51X16 

457 

470 

$ 


12 


65 

I 

2.5 

54X14 

864 

450 

7 


1} 

RT9 

130 

1 

5 

45X20 

1 164 

700 

14 


IS 

I.IO 

100 

1V4 

3 

44X21 

1545 

754 

14 

7 

1) 

2.14 

206 

1 V4 

3.5 

64X21 

1411 

000 

12 

7 

IS 

2.14 

206 

iVs 

4 

66X24 

1924 

444 » 

14 

4 

14 

4.94 

530 

2 

5 

41X30 

5126 


1 « 

10 


4. IS 

401 

2 Vs 

4 

40X37 

4 424 


14 

42 

24 

4.5 

514 

5 

8 

,103X41 

6044 

-A! «ir.. . 


F0fk0kf feed aarviea reduee theae es p aaitl es by M%. 
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. fUv** «m «lnM( alwi^ aulonulie, «per»tiai bjr nnbaluioed jmM <m the two «td«» el • aor*. 
BW flUnent. Shtv imdtid*: {«} diak, Ua ■anerat aarfiee; (b) wtoc-Kui^ndt for hlfh pMa; (e) batl. 



Flc 40. Baaic Speada, ffin^ex aad Duplex Direot-aoting Steam Pumpa, aad Simplex, Dnidex and 
Triplex Power Pumpa (Hydraulic laatitutel 


for riaeoua liquida; (d) clack, for lighteat aervloea. 
grid, and are apring-loaded on the downatream aide, 
prtu Mow ISO lb per aq in; hard rubber 
or eompoaition, for hot water or preaa of 
300 lb; metal for high preaa; atandard 
diam,8to4in. Total valve area, 80-100% 
of pistott area; higfaeat for viaeoua liquida. 
lift, iO-90% of valve diam; apring load* 

*lng, 0.26-1.0 lb POT aq in of valve area 
on auction valvea, to 8 lb on diacharga 
valvea. 

,fiffle{eiidaa of direct-acting pumpa 
' are given in Fig 41. Performance ia 
meaaured on basis of mean press, 
rathir than mechanical effic. Friction 
losses, solid and fluid, are best ex- 
presaad as equivalent mean press; 
which is practically constsmt, irrespec¬ 
tive of operating head, and has de- 
ersssiDg effect as the bead inoreasss. 

Sssaat coxBvuenoK is estimated 
’ by; U» per hr ■■ te^p X 90; air con- 
smBsitipn, by cu ft of free air per 


Disk valves, the commonest, seat on a bronse 
Tha disks are of medium or eoft rubber, for 
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SO 


", Appleton 'ls6-2Su'lb I'ter sq In a!pi^ 

[BsrPacked plunger, 800 
;0myreeanr« pump. 1000 • 

D>^reaBure pump, 8000 • 


iPmoyff, 

-vrpni n 
^Xl 

i. t/l 

[HP 


am 

cyl 

1 _ 



□ 



M 







J 



□ 


I 

nnrJp s(rol^ 

BjJ 

1 





□ 


8 4 0 
Ilg4L 


8 10 12 It JO 18 30 22 24 38 » 80 88 81 
EfBcienoy of Direot-aoting Steam Pumpa 


. mia w 14‘—, wh«« a - area of water piston, sq In; s - piston speed, ft per min; 

p m'Dir pnM at pump required for water press, lb per sq in abs; Pa * atoios prsss, lb 
"Iper eOkia sdis. See'T^es 21-2S. 

' Itotasy pumps. Eotaxy motion may be used for an element within s fixed eanng, to 
giTe. pooitive dhfplaoeBamt (Fig 42). The rotary element may consist of geszs, kfljss, 
T*r‘**, WisMS, or oomtanations hi these. Rotary pumps are suited to dureet eon* 
! amMiiisi/trilb ^elso motors, and for oily liquids- Sisss we from the smallest to several 
’thodsj^ ffid per min; brads, to 1000 lb per sq in. 











40^2 POWiSR AND POWER MACHINERT 


TcUii St. Conpoititd Du]il«x Puinpi (Outside end‘*jMked« double-(Mbmter, ipoVtalut 

pattern) "■ * ' 


Blam 

h>pcyl, 

in 

Diam 

l-pcyl, 

in 

Diam 

water 

eykiu 

Stroke, 

in 

Oal per 
■trolm, 1 
tdunger 

Strokee' 
per min, 

1 ptunger 

Qalper adn 
displace* 
ment of 4 
ptungere 

Bt«ain 

pipe, 

in 

Die- 
charge 
pipe. In 

""" ’ ■ ‘ r. 

Lengthy 
ft and 

>• 

_1 

Width, 
ft and 

l« 

16 

8 Vs 

18 

4.42 

40 to 80 

354 to 

708 

2 

6 

18 

-1 

11 

4 8 

12 

18 Vs 

81/2 

18 

4.42 

40 to 80 

354 to 

708 

21/2 

6 

18 

n 

4 0 

M 

20 

8 Vs 

18 

4.42 

40 to 80 

354 to 

708 

3 

6 

18 

II 

4 6 

16 

24 

81/2 

18 

4.42 

40 to 80 

354 to 

708 

31/2 

6 

19 

'5 

6 0 

10 

16 

9 

18 

4.96 

40 to 80 

397 to 

794 

2 

6 

18 

II 

4" 5 

12 

• 81/2 

. 9 

18 

4.96 

40 to 80 

397 to 

794 

21/2 

6 

18 

11 

4 5 

14 

20 

9 

18 

4.96 

40 to 80 

397 to 

794 

3 

6 

IB 

II 

4 -6 

16 

24 

9 

18 

4.96 

40 to 80 

397 to 

794 

31/2 

6 

19 

5 

6 10 

20 

30 

9 

19 

4.96 

40 to 80 

397 to 

794 

5 

6 

19 

5 

6 10 

12 

18 Vs 

10 

18 

6.12 

40 to 60 

489 to 

978 

21/2 

8 

20 

0 

6 10 

14 

20 

10 

18 

6.12 

40 to 80 

489 to 

978 

3 

8 


O 

6 10 

16 

24 

10 

IS 

6.12 

40 to 60 

489 to 

976 

31/2 

8 

20 

6 

6 10 

20 

30 

10 

18 

6.12 

40 to 80 

489 to 

978 

5 

8 

20 

6 

6 10 

16 

24 

12 

18 

8.81 

40 to 88 

705 to 

1410 

31/2 

10 

21 

6 

6 10 

20 

tUHli 

12 

IS 

8.81 

40 to 80 

705 to 1410 

5 

10 

21 

6 

6 10 


* DimeaaioM ere with iduniten in extreme outward poeition. Pumpe will etaud 350 lb preu. 


4sUe S8. Simplex Horix Boiler-Feed or Pressure Piston Pumps (For 250 lb max 

working steam and water press) 


Bite 

Gal 

per 

stroke 

Max per min 

Braler 
hp pump 
will feed 
at slow 
■peed 

Steam 

pipe. 

in 

Die- 

ebarge 

pipe, 

in 

Floor 

apace, 

in 

Ij 

eSi 

^ 8 
lA a 

'O § 

0 

as 

I-® 

Diam 
•team 
cyl. in 

Diam 
water 
cyl, in 

Stroke, 

in 

No 

■ingle 

etrokea 

Piston 

■peed, 

ft 

Oal 

3 Vs 

2 Vi 

4 

0.060 

150 

50 

10 

45 

8/8 

8/4 

29X 8 


4 Vs 

21/4 

6 

0.15 

130 

65 

20 

70 

V2 

J 

39X11 


5 Vs 

31/4 

7 

0.25 

124 

72 

31 

100 

1/2 

•1/4 

44xn 

h 

6 Vs 

41/8 

8 

0.46 

no 

78 

54 

160 

»/4 

2 

30X13 


71/2 

4 Vs 

10 

0.69 

too 

90 

75 

300 

1 

21/2 

59X15 


8 

5 

12 

1.02 

100 

100 

102 

500 

1 

3 

67X15 


10 

6 

12 

1.47 

100 

100 

147 

750 

•1/4 

3 Vs 

70X15 

I a. 

12 . 

7 

12 

2.00 

100 

100 

200 

1 000 

•1/2 

4 

70X15 

Is 

14 

8 . 

12 

2.61 

100 

100 

261 

1 300 

2 

4 

75X18 

ki 

16 

10 

18 

6.12 

67 

100 

410 

L3 500 

21/2 

6 

96X22 



Table 84. Vertical Plunger Sinking Pumpa 


JDiam 

steam 

eyle.lu 

Diam 

idunger, 

in 

Stroke, 

in 

Capao 

per 

etroke, 

gal 

Capoe at 
oribnary 
speed, gal 
per min 

Steam 
pipe, in 

Dis¬ 
charge, 
pipe, in 

Space 
occupied 
in shaft, in 

Weight, 

lb 

Pri6a. 
iron 
plungn, 
■Mel rod 


4 

12 

0.65 

65 

1 

2 Vs 

25X23 

1435 

1700 

10 

5 

, 13 

I.IO 

too 

•V4 

3 

31X30 

2 265 

800 

12 

5 

13 

I.IO 

100 

• Vs 

3 

32X33 

2 620 

t 100 

12 

7 

13 

2.16 

200 

• 1/2 

4 

34X33 

MS'I'M 

1 250 

14 

7 

13 

2.16 

200 

2 

4 

40X35 

3 850 

t 330 

48 

. 9 

16 

3.28 

247 

3 

4 

42X45 


1 700 

14 

7 

13 

2.24 

206 

2 

5 

40X38 

4150 

1436 ’ 

•6 

10 Vs 

16 

5.97 

447 

2 Vs. 

5 

42X4S' 

5 220 

1 900. 

18 

10 Vs 

16 

5 97 

447 

3 

5 

42X4S 

.5 575 

2 050 


Cei^^dlttfil pump is essentially em impeller, witk baokward-eursed' vattes; ftitating"tit 
• fixed t^ng. It may be volute or turbine (Fig 43); the former baa a^aioM;^ easinds ’ 
Uie latter, a diffiMw ring, with or wititiout guide vabds, and also a ooneantrid dc tqifols. 
Impetims msy be eingie or dotdde tSictiote 45,'40). '' 
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Tabl»<U. Xhitftt, Pot<i<valv«^ BoUd-and Poaipa (Outside end-psoked j^uugeni) 


Dlsm 

■t«un 

sylfin 


Dism 
pluQC- 
««• ^ 


Stroke, Qol per 
in rev 


Mex 
rev per 
min 


ToUd 
eepee, 
gel per 
min 



Die- Approx Approx 
obarge lemph. width, 
pipe, in ftendin ftendin 
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ng 43. Centrifugal Piun^S 
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FOW3BB AND POW3CE IdtACBlNEBY 



Us 44. Billie ttBft Doablfl-«aotloii, Vcdnte Pump (Worthingtoa Pump dc Muoh CSo) 



Us 45. Sinsl«HiUg«, Oeoenl Bervioe, Centrifusal Pump (IncotMU-IUiid) 



fit 45. FiTntac* Cwtdfasal Pmnp (tptwi^Rvid} 




























Vlg 47. CharMterutio Corvea. &ncle-atase Centrifugal Pump running nt 1750 rpm 
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fit 00. fliatfe <t«g e Centnfugsl Pump. CbMrsoterisUv Currm, DunaaaioaleM Coelf Basil 
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SpcGlAc speed § 

Fig 61. Upper Limite of Speeifio 8peeda for DoubleHiuction» SiMle-etate^ Centrifiisel Piimpe 
(Hydreulio Institute). Normal water temp» 60” f» at sM^vel 
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eumtwe «t hed and Up, ^al Made lflii«ih. radial d^Ui. ntlmbar of Uadea, ddewaO 
detaila, eaaiPg proportiona, inlat form and proportiona, fluid pipparUea and friotiott. Vari- 
atiotas in dtaii^ m reflMted in the OHAitAcrxiuaTic ctniVBS (Fig 47), which ate di^nitive. 
A pump can operate only on ita characteriatie. If exceaa head ia developed (capae leaa 
than A in Fig 47)■ the difference must be throttled, or apeed altered; the latter procedure 
eoonomixea poerer wnaujnption, but the carrying chargea for apeed*oontrol equipment are 
not alwaVa juatified. Arraox pbrfokuanczi can be estimated at different apeeda by the 
rdationa: (1) capac ia directly proportional to apeed; (2) head, directly proportional to 
speed squar^; (8) hp directly proportional to cube of apeed. These relations apply to 
the same point on the efilc curve and give characteristics for different speeds. The lela- 
tiona a^ not exact, because they do not reflect scale effect or Reynolds’ Number influ¬ 
ence. The relations are sufficiently accurate for practical purposes. Fig 48 shows a set 
of curves from test. The characteristics may be plotted on the per¬ 
centage basis (Fig 40), or on the dimensionless coeff basis (Fig 50). 

Speciflc speed (Fig 51), N, — rpm X (gjwn)® * -t* head®-’*, where 
head is in ft per stage. It is rigorously fixed by the pump design, 
and is the speed (rpm) at which a geometrically similar impeller 
would revolve to d^ver one 1 gal per min under 1 ft head. High¬ 
speed impeUers have high values of N,. Spec speed is useful in 
pump selection, because it relates head capac and pump speed for 



best effic and absence of possible suction cavitation. Fig 51 con¬ 
tains recommendations for double-suction, single-stage pumps. 
Usual spec speeds are: (1) less than 4 000 for single-inlet impellers; 
(2) less than 6 000 for double-inlet; (3) 4 000-9 000 for mixed- 
flow impellers; (4) greater than 9 000 for axial-flow pumps. Impel¬ 
lers for high heads have low spec speeds; those for low heads, 
high spec speeds. 

Fig 51 shows that centrifugal pumps are sensitive to suction 
conditions. With' liquids at or near the flash point, positive auc¬ 
tion head is necessary to prevent cavitation in the impeller eye; 
as demonstrated by the hot-well pump characteristics of Fig 52. 
For very viscous liquids, pump makers should be consulted. 
Centrifugal pumps are generally limited to 200-400 ft head per 
stage, and a tip speed less than 150 ft per sec. Muitistaging 
(Fig 46) is ne^ed for higher heads. Actual head per stage is 

'from 0.9 to 1.3 X 60-90%, the higher values for 

large pumps of few stages. Head characteristic curves may be 
flat, steep, or rising. Hp characteristics may be straight inclined 
lines; or curved, with concavity upwards or downwards; the last 
him advantage of a self-limiting feature and avoids over-motoring. 
Steep head characteristics are best for parallel operation, as they 
give equitable load division. 

AxUl-flow propeller pump (Fig 63) has high speed, low head 
and large capac. Spec speeds exceed 9 000. Its characteristic 
curves (Fig 54) differ from those for centrifugal pumps: showing 
decreasing head and hp for increasiRg capac; max power is required 
at iihut off. They are especially suited to such low-head service 



aa condenaer inrculating water and irrigation plant. For higher Yit 53. Axial-flow 
heads they are multistage, witii guide vanes between stages. Axial- Pump 


flow .md centrifugal types often merge in a single mixed-flow 
dpaigh, where the impeller eye approx equals the diam of the outer periphery; this per¬ 
mits combining in a single unit the beet features of toth. 

' Cast of oentrifugal pumps is affected not only by rise or capac, but also by head pumped 
againit, qpeed, number of sta^s, quality of construction, and commercial oonditiona 
(Table 26). 

Coat of 4-in, rin^e-atage pump. Single-suction: iron. $200; brass impeller and braaa- 
ah^tiifld 4afV $320; bronae ditto, $425. DoubleHsuction: iron. $320; brass mipriler 
Afld btaas-wra^ad shaft, $575; bronse ditto, $700. 

Coi^ of 2rBtage pumps ia about 3 times that pf single-stage, for saflne diseham and 
amritd, hut douUe the brad. As number of stages increases, the cost approaenea tha 
vmAm of atagea X «08t of a rinid«-«tft«e I>o»P- For similar ha^, sp^, and 

't'asr^ dirratly aa- capac. Water-supply ptimpa cost about $2 000 per mflUoa 
Steam Tqlrbioa Co). 
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Tabid M. Avengd'Coat of Irea Sloilo^teto Contrifttcol Pwapi 

* i 


O^ddtjr. 

colpw 

mil 



Cftpaoitsr*, 
gill per 
min 


1110 

$160 

$300 

$400 

1500 

$ 5$0 

180 

270 

400 

500 

2000 

675 

300 

430 

660 


3 000 

1 325 

440 

650 

1 025 

1 1 150 1 

10 000 

2 600 




ITotOw—A •> low'heed pumps, with iron impeliera, sin^e suction, belt-drive, end no peifornunee 
gunrsatss. B m doubls-suetion pumps, belt or direct-drive, but otherwise six^sr to A. 
C M pumps of better construction end hmds up to ISO It. D •* pumps of faidy good construcUoa, * 
BUiteUe for direct motor-drive. 


For pumps suitable for high heads (as for mine drainage), the design is special and cost 
vatieg widely. Examples: 2 600 gal per min, 600-ft head, $10 000; 6 560 gal per min, 

2S0-ft head, $60 000; 5 600 gal per 
min, 300-ft head, $66 000. 

Cost per lb wt is nearly constant, 
decreasing sUghtly as sise of pump 
increases; for email iron pumiis, 
about 36f! per lb; higher for brass 
and bronse-fitted. 

12. INSTALLATION AND 
OPERATION OF PUMPS 

Location. Pumps should be ao- 
cessiblo, set on rigid foundations, 
with base slightly above the floor. 
Care must be taken in setting, not 
to exceed proper suction height 
(including losses in suction pipe), see 
Art 8. If bolted to foundations in¬ 
stead of being grouted, the base 
must be in perfect alinement when 
tightening ^e bolts. The pump 
shaft is tdined with that of the driver 
by putting a steel sc^e on the coup- 
Fig 64. C^iaracteristlo Curves, Axial Flow. Propeller- ling flanges. If alinement is accurate, 
type Pump, Peroeiiti«e Rating Basis the scale will rest on both flanges 

all around the surface. Se^ that the 
oleaianee between the 2 half couplings is equal at all points of circumference. If bolts 
instead of grouting are used, make sure after the bolts are tight, that the pump and driver 
are still in line. 



Plpiiig. Piping should have ss fsw bends as possibls, and tbsae should be of long radius. Intro- 
dues no unnecsBsary bends or other sources of friction in the auction line. Suction line must be 
free from air leaks, especially where it is long, or the pump is at some height above water Isvri. 
Avoid air poeketa in auction line; if any exiat, provide means to get rid of the air. 

▼ahres. In multiple-atage and single-atage high-presa pumps, a cases talvb u placed in the 
discharga line between gate valve and pump. Where there ia a foot valve and pooaibility of water 
hammer, the discharge valve should 'be cloaed before shutting off power for stop^ng the pump. 
FOOT TALTB. WhsTO the suction lift is not high, a foot vrive ia often advlaabls; it simplito psiss- 
ing the pump* There must be a strainer to keep the foot valve from becoming chok^ A foot 
valve Is not advisable for a pump working ngainat a high static head; on shutting off tbs power* 
the pump would stop suddeidy, and the water rushing back might eloae tits foot valve before the 
check valve could act, thus producing heavy water hammer. The foot valve ahould be of flap 
type, and of ample siae to minimise friction. 

■ Beeringa murt be cleaned before starting the pump for the first time, as foreign tubstances msy 
get in during shipment or erection. They should then be filled with pure, rieaa minmd oil, trhlijl 
must be changed when it becomes dirty and the bearings tbcswqgldy elsaasd at same time. 

StuffUg boxes sad p sc l rin g. Before sfarting the pump, the stuSag bans should bo caiutuffy 
deansd, and packed with enough pscldag back ot ths watsitsesl ring so thid tbs iaist vmier inr 
sealihg Is thought hi st*th4 ring and not at ths paridng. Flying supplyinfi the wsttp seal shm^ 
fit tiffhtly, so that no rir can leak in; a Uttle sh entering b«re miiht esun the pump tp Use itp 
suction. If the water is acid « gritty, ths sealing Water must bs obtained from somgeiWBmtnm. 
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«f ' VtlvM for tho water seal oitat be open belore atertiac vp. If paeldac ^ too Ught, it 

toay oMii* btfrafng of tbe paeidiit Md euttiog the shaft. PaokingHriog fointt shoi^ be at aitgle of 
4&*, aad the jointe of the several ringa staggenxL On atartitig the pump, it ia bettor to have 'Om 
paekiBg sUiditly loose (wiUiout eausing an air leak); instead of patt^ too mneh press on it. tdaee 
heavy oil ia ^ gland until the pomp works properly and then gradually tighten the g^nd. Sinee 
peeking b«MS are water sealed, see that the valves are open before starting; a slii^t Isidcsge «f 
BOgiiat tniter through the gland is desiraUe. 

Air in water may be liberated and collect in the pump passages. Hence, the air cocks op top 
<d the oamag should be opened occasionally; or, if much air, they may be kept partly open during 
operation, connecting them to drain pipes, if the delivery falls off without apparent reason, cmen 
■the pump and esamiiw its interior and the impeller paesoKes, as foreign bodies may have been drawn 
into ^e pump. 

Prlm^. Unless the water supply flows to the pump with sufficient bead to All the casing, the 
pump must be primed. PBiMiHa bt bzhaustzh or ejector is convenient where steam or comp air 
Is available. The discharge pipe must have a tight valve eloee to the pump, to allow air to be 
eahausted from casing and pnetion line. A foot valve is desirable on a ateam eahauster, for prian* 
ing the first time, or when the suction line has been emptied. PniiaHo by foot valve oan done 
sfhero there is a supply water available und«r pressure, by merely allowing the suction inpe and 
pump eailn'fe to W. All pet cocks should be opened during the filling to allow eeeape of air. Puu* 
mo BT VACVUH pxmp. Where steam is not available and it is impractioaUe to fill the suction line 
vrith water, a hand or power air pump may be used. A valve must then be placed on the discharge 
line. In priming multiple-etage pumps, the air must be exhausted thoroughly from each stage;, 
if primed by exhauster, it should be connected to each stage. 

Starting. The pump easing must be entirely filled before starting; if run empty, the clearance 
ringa and shaft sleeves, which have very small clearances, will bind, heat, and out. When first 
starting the motor, be sure that its direction of rotation agrees with that of the pump; pumps 
must run in the direction for which they are designed; this is usually stamped on the easing. After 
priming a eantrifugal pump, the shaft should be turned over 1 or 2 rev, to allow all air to free 
frMD tits impeller vaaee. 


13. mTERNAL-COMBUSTION ENGINES (see Sec 39) 



Fig 55. 


B -^ 

Otto and Dieed 4.oyole Indicator Cards 


Advtataggg for stationary power service: (1) when water supply is small or poor; 
(2) when coal is not available, or is high in price; (3) for small power requirements at high 
thermal effic, and with good reliability and reasonable first cost; (4) for poor load factors, 
because of low stand-by losses and quick , 
starting. - 

Clggiiflegtion: (1) Otto, Diesel, or 
mixed- cycle; (2) mixture or injection 
engines; (3) gaseous or liquid fuel; (4) 
volatile or non-volatile liquid fuel; (5) 
spark or compression ignition; (6) 2 cycle 
or 4 cycle; (7) air or solid (urless) injec¬ 
tion Diesel enipnee; (8) high or low speed. 

Pour-^cle eugioe indicator cards for Otto and Diesel cycle (Fig 55). In the Otto, a new charge 
ia drawn into the cyl on auction stroke ab, and compressed into the clearance space on compression 
stroke bc, at or about the end of which it is ignited by an elec spark, and in burning causes the press 
rioe co'. at approx dead center. The higb-prees gases formed by combustion expand during the 

third or expansion stroke c'n, driving the pis¬ 
ton forward. On this stroke only is power 
delivered to the engine, enough being stared 
in the flywheel to run the engine until next 
power stroke. On exhaust .stroke Pa, the 
burned gases are forced out. In the Dibbel, 
a charge of pure air only is drawn in, ab, and 
compressed as in the Otto, but to a higher 
prees, sufficient to raim the temp above Igni¬ 
tion temp oi the fuel, which it injected during 
the first part, cc'. of next etroke, burning as 
it enters. Bate of injection determines slope 
of line cc', which should be nearly horia. 
During remainder of stroke expanaion oeeura, 
fdlowed by exhaust as in the Otto. The4*^|i'<lu 
engine haa 2 valves, inlet and exhaust, btrih 

optm ewe ia eadh wn tiM burned geeee being removed, l<fllow^ by a new charge du^g la«^ 
XMtt^'MPsasiob and early part of eomprcMimi strokes. Combustion occurs, co'. foSowad tv 
iu 4~i^e. At P an aadiawl port is uncovered by the piston, allowtog Jnudi ^ 
UmBSmb ta aaeapa.. A fraction al tbastrokelatsr, at a, a traotfar port is uaeovorod. oBowiiiga 
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atumiWt vravioualjr oomprflMwd to 6-10 lb obovo otme*. to flow into tho ojfl, mkI iharoby foroo 
out tbo proauote of provioui eyde. Oa ita return atroka, the piatoa oloaea traiiafor port at a oad 
aabouat port at a, parmittitui oompreaaion to oooor.during ramaindor of atroka bc. During ooin« 
praaaion in tba power oyl, auction no oooura in tba eompreating oyl> f<fllowad fay oonpraaaiaB cw, 

while expanaion oeoura in the angina. 

i'Sj..]i ' . - , I I..' Prior to admiaaion to power wli tiha 

\ j/ charge aiay be oompreaaed in >^ona 

-T- - Ji;^; waya: in amall enginea. by front end or 

\ r Btep'piston eompreeaioni in large en¬ 

ginea, by a aeparate eompreaaor. Due to 
leakage at exhauat port during eharging> 
2-cyole type ia generally limited to ii»- 
iection enginea, in which fuel ia not 
added until after eompreaaion ia over, 
thereby eliminating fuel waatage through 
exhauat port. A 2-oyole engine, having 
twice the oyrlea for the aame rpm, givea 
greater bp for aame eyl aiae; but not 
twice aa great, because the mep and 
effic are lees ^an for 4-oyele. Chief 
advantages are: less piston area per hp, 
lighter flywheel due to greater frequency 
of inipuises, and reduction of valves 
apd valve gear; all resulting in amaller 
weight and coat. 
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Externally-made-mixture onglnea 

operate on: (a) gaseous fuels, as 
natural, producer, or blast-furnace 
^bhi>I.oa«r ^ volatile liquid fuels, as 

Fig 57.” nighHqieed Oseolene and Diesel Fnginee. Com- 

parative Performances (based on gasolene of 12a (XK) btu The nigh speed, multicylinder, auto- 
per gal; Diesel fuel of 142 000 btu per gal) motive engine, using gasolene, is the 

most important. Low and medium 
speed gas or gasolene enginea are used in some stationary services. 

tgjeetioa engines utilise non-volatile liquid fuel, wherein air only is compressed in the 
eyl and fuel injected near end of compression stroke; ignition is by the heat of compression. 
Low-compression, hot-wall engines were formerly used. Diesels now prevail; they may 
be solid injection (fuel directly in- 

. . > . » iPUr- "" ' I ' - ,11 ^ 1' ^ —- j ■ 'I 

C lb 


jeoted by a pump), or, rarely, air 
injection (fuel injected by comp 
air at 1 000 lb per sq in). Air in¬ 
jection has been practically aban¬ 
doned in favor of solid injection, 
due to trouble with high-press air, g ^ 
and improvements in solid injec- o 
tion fuel systems. The trend with h co 
all of these is away from low speeds ^ 
and large cylinders, except where J 60 
long life and minimum operating ^ 
charges aresought. Multi-cylinder, S 
high-speed design reduces wt and | 
first cost. High-speed engines make 
little or no effort to follow Diesel 
or Otto cycle, but generally operate 
as a mix^ cycle. jg 

Power and efficiency. Analy¬ 
ses and heating values of fuels are 
in Table 10, Art 4; abbreviated 
ASTM Diesel fud specifications. Fig 68. Diead Plant Beat Rate 

in Table 27. Performance data 

for different classes of engines are given in Table 28, and Fig 57, 58 show performanoe 
nurvna for stationary Diesel and gasolene engines. Lubricating oil consumption Pf Diftssl 
plants is reflected by the relation: Gross kw-br generated per gal lubricating oil 94 X 
(pignt Tunning at oapac factor, %). 

' f^tfl vary widdy, due to differences in design and to rompetitioa. Prices of gasolene 
4yh4 kerosene stationary engine are: 1-0 hp, 1^60-860 per hp; O-lOkp, $85-$50; 10-25 hp, 
‘ Jhjli jUfO per hp. Vert, multicylindor medium speed, natural gas engines, $35-$40 per 1^ 

I 
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Diesel Plant Beat Rate 
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Hlgfa-q3iBedaMa«l «iigine iteiierator (10-100 kw). tSO-$0O par kw. taw and nwUttiB 
4peBd Dicaela, 4 eycle,’ $50-$7jS per hp; 2 cycle. $40-^60 per hp. 


T«Ue 27. DieMi Fuel-oSl CUsefflcatioa (ASTM eblHreviated) 


Seybolt Universe Visoority: ' 

’ at I00‘ F minirnttin. 

at 100* F maximum. 

Saybolt Furol Viaooxity. ^ 122* F max. 

Pour point, *F max. 

Cetane No. 

Diced index...... 

FlBah point, ”F min. 

Cari}on reeidue, % by wt, max. 

Aah, % by wt, max. 

Bulpfaur, % by wt, max. 

Water and sediment, % by vol. 


Grade of Fuel 


l-D 

3D 

4-D 

5-D 

6 -D 

35 

35 




SO 

70 

250 






100 

300 piaa 

35 

55 

35 

45 

35 

30 

BHHim 


45 

30 

20 



115 

ISO 

150 

■Kmii 

ISO 

0.2 

0.5 

3.0 



0.02 

0.02 

0.04 

0.08 


I.S 

1.5 

2.0 

2.0 

no limit 

0 05 

0 1 

0 6 

1 0 

2.0 


Grade of fuel 


Type of engine 


1-D 

3- D 

4- D 

5- 0 

6 - D 


Solid injection engines, running at more than I 000 rpm 
Solid injection engines, running at 360-1 000 rpm 

Solid injection engines, cylinders more than 16 in diam, running at leaa than 240 rpm 
Air-injection engines, running at less than 400 rpm 
Air-injection engines, running at less than 240 rpm 
Used only in isolated cases _ 


Table 28. Performance of Typical Intemal-combuation Enginea 

(F. H. Dutcher. Columbia University) 


Type 

Fuel 

Bhp 

Com¬ 

pression 

ratio 

Brake, 

mep 

Piston 
speed, 
ft per 
min 

Wt. lb 
per cu in 
pieton, 
displace¬ 
ment 

Wt, 
lb per 
bhp 

Bhp hr 
per gal 
fud 

1 

Automotive 

Gasolene 

10-200 

4 5-6.5 

5Q-90 


3-6 

10-50 ; 

I2d: 

V 

engines 

Kerosene 

10-200 

3.5-4,5 

40-75 

600-1 600 

3-6 

15-55 

\2± 

1 

s 

stationary 
' gas engines 

Natural 

gaa 

150-800 

4-7 

50-70 

600-1 200 

4-8 

50-140 

10 000 
btu per 
bhp hr 

• 

Solid injection, 
spark ignition 

Diead 

fud 

25-100 

5-7 

50-80 

800-1 200 

3± 

12-15 

I4:t 

S 

'i 

Air injection 
Diesel 

Dieael 

fud 

300-5 OOC 

12-15 

50-75 

600-1 OOC 

4-8 

25-200 

I8d: 

1 

g 

If, 

High 

speed 

Diced 

fud 

1 

20-1 200 

12-17 

50-110 

900-1 500 

3.5-8 

15-100 

18d: 

1 

■ffi 

8p«1 

ill 

Medium 

speed 

Diesel 

fud 

50-750 

12-15 

40-75 

BOO-I 500 

5-6 

20-100 

I8d: 


|i- 

Low 

speed 

Dieed 

fud 

iOO-5 OOC 

13-14 

40-75 

600-1 OOC 

4-8 

25-100 

! 

1 


14 OI^SATION OF INTERNAL-COMBUSTION ENGINES 

' ' < 

■ Oevenlag. External-mixture eugiues are practiesUy all contrdled by throttling the raixtm 
' d4 ita way to the osd, man«aJty or by governor; injection engines, by veryiug amount of f uel ii^tM. 

baftfoa’ for external-bUxture engines is always by elec spsrlc. the eon^oneet syamm bei^ tto 
'idiuHliHirk, tb uMch tbeeeoondary circuit of .an inducUon coil is led into the thrtmga m 
iun!^ twmiaal of a spark plug. At the proper moment the primary eircitit is dosed ^ « 
aeitcTd sparks jumps a gap In the secondary cirepit at end d plug. Injsotoon engiMs r«iuire no 
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ignltioii tjntoia. n«a^t ia ^ hol'watt type, where aa uaeooled poitioa ef the epl hepte the tael te 
igaitloa poiat. > 

Utaiting derleae. Large aagiaea are etartod by ad8|ittiag eomp air to oae or man qrk at proper 
tbae, aatU a miature hae beea drawa into aad fired ia oae of tbeoi. vhereppoa i»he air it Aat off. 
Bwafi eagtoee are atarted by tumiag them over by hand antil an ex]^oeioa oecuta, or by dleo moton. 
AntonraUle enginae have alee atartera, wbteh bMoma generatora aad aupply aorreat for <geW«e, 
atorage battery, aad lighting. 

Cooliag ia by water Jaeketing the oyl, «toept in Tory amall aiaea where, by riba on the eyl, enoo^ 
radiatiag aarfaoe ia obtained for oooliag. In larger aiaee, the exhauat Talvea, and in double-aetiag 
eagiaan, the pistona and rods, are alao water-eooled. Cooling water muat not depoait moeh salt oa 
heatiag; dirty or hard water fiUa the jaoketa with mud or soale, eauaiag overhaatiag. Water may 
be allot^ to go to waate, or artificially cooled; 3-8 gal per hr per hp are generally auffioient. 

Carboretere prepare exploaiye mixturea frdm gaaolene or alcohol. Strictly apealdng, Uie term 
eerbitreter ia limited to apparatua where no external heat le applied, dioee requiring heating being 
callad yapOTiaera. But, with the uae of heavier gradea of fud, many BO>oalled oarbureteia aow have 
meena for applying heat, from engine-jacket water or exhauat. Carburetera proportion the tvA 
aad air, vaporiung the fuel to aome extent and mixing the two, by allowing fuel to flow from a 
re a e wroi r, ia which the level ia kept eonatant, into the air-inlet pipe. Aa the preaa ia thia pipe 
drppa with increaae of air fiow, more fuel will flow. If air and fuel followed the eame law of flow 
with preaa drop, a carbureter adjuated for any condition of load or apeed would be correct for all 
oonditiona. But, flow of fuel increaaee faater than that of air, tending to oauee too rich a mixture 
at heayy loada or high apeeda. Moat carburetera uae a manual or automatic device, or a combina¬ 
tion of theae, for introducing extra air when oonditiona normally cauae a rich mixture. The fuel 
reearvoir ia called the float chamber, when the liquid level in it ia regulated by a float. Thia device 
ia liftdted to enginea in which the aupply in under a gravity or preaa head. For atationary enginea 
inaurance regulationa uaually forbid ita uae, in which caae a pump forcea fuel to the reaervoir in 
exceaa of Ure engine demand, aurplua returning to the tank. The fuel flowa from the reaervoir 
through e apray noaale, controlled by a needle valve. 

For light fuela the heat in the atmoa eufficea for vaporieation; for heavier gradee, heat ia apxflied 
by drawing tbe air partially or wholly from a jacket on the exhauat pipe, or by allowing the engine- 
jaekat water to paaa through a jacket on the carbureter. Exoeaaive heating ia bad, aa engine power 
ia proportional to dienaity of the charge. Incomplete vaponxation, eapecially in multi-eyl enginea, 
ia apt to cauae a non-homogeneoua mixture. For mixing action, carburetera depend chiefly on the 
throttle and valve obatruotion, and on benda in the aupply pipe. 


16. GAS PRODUCERS 

CoBftraetioii. A gaa producer ia a metal ehdl, lined with fire brick and having pro- 
viaion for gupporting the fuel bed and blaating it with air or a mixture of air and ateam. 
Fuel bed ia 4 ft or more thick, compriaing a gone of aah at bottom, next a high temp 
aone of burning fuel and finaUy a layer of freah coal. The bed may be aupported on a 
grate, fixed or revolving; or on a concrete pier riiung from a pool of water, into which the 
nidea of tbe producer extend, thua forming a water aeal through which aah ia raked out. 
Fuel ia charged through a hopper, to prevent outruah of g^ or inruab of air. 

Operatton conaiata in roaating off volatile matter, aad tiien oxidising the carbon to 
CO or COa by the O in the air and ateam; H of the ateam ia aet free, and the ratio of CO 
to CO* deimnda on temp and thickneaa of the bed. Steam reducea the temp, the exo- 
thennio reaction of the oxidation of the C being partly neutralised by the endotheimie 
reaction of breaking down the steam. Without ateam the hemp is usually high enough tp 
fuse the a^, forming clinker and preventing fiow of air throui^ the bed. 

Fuela. Though any fuel rich in carbon may be used, (hoee containing much vtflatile are die- 
advantageoue, due to variation in gas quality and difficulty in removing tar and soot formed by 
leduotlon of the heavier hydrocarbons. Coking coal u unsatisfactory, as it tends to Uoek tiie flow 
of gas like clinker; some producers have mechanical pokers to break up the cake. Fads used Ul 
ptrodueers: anthracite or bit u m i nous coal (non-caking), coke, lignite, charcoal, oil, wood, pest, and 
waate p^ncts. . . , . 

neat may be forced through the bed by building up preee before the bed ia reached, so 
in PBUBSuan noPtieaaa, or by creating a defideney of preaa besrond the bed, as in aucnow nM>- 
nuossa. In preaa tuoducers (commoner in the larger alase), the blast ia caused by a steam jet or 
poaitlva blower (usudly the former, aa steam ia required in the blast and the Uower aervae aa a good 
wii«iw g device). In the ruction type, the engine piston drawn the Uast throntih the producer (a 
small auxiliary blower being used for starting). Though this type requiras no gas bdder, it ia dis- 
advaatateoas4e erngdoy the engine for produdag blast, and a rotary blower or laa is gsoenlly used 
to draw gpa from the fnoduoer aad deliver it to the engine, inie auction producer it limited to tho 
bettw gredee of fuel, aa anthradte and eoka, but is safer, because, ea leeka are inward only, dbi 
bffiniag of aoma gas in the iwoduoar k all tiiat can result; whareaa leak ia a pcen produoer aD«aa 
mtieps of CO|, or may form an expiotive mixture ia the room w buildingi Tbe draft may paaa up 
thcou^ tha had, ur^Murr ntontrcm: downward, noww-naaiv mmooom; or both wm oom* 
MnB-imAiyT nooucax, la tha twolattar eaasa, the volatile matter peaaea througkihoeombaBtieit 
MHie aad k reduced tp etaple Ieraa or k c o mplet ely burned. 
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PndM«r ti rtIH a ri— . The tern noeocnu ear coven producer, ouxOieriee, pad aoidae. Itkt 
meet important ie the dennlBg end purifying device, ueuelly comprid&c • ecrubber and filter or tor 
extroctor. The eeapasan ia o ehomber filled with coke or dmilar motetiol, through wldch the'itee 
rieee wldle water p e w m down; sometimee it i« o idpe, up which the go* trav<i^, parning hater apray* 
at abort intmvala, Tpuaat*, of aaw duet, czeclaiw, or mineral wool, extract tar and other Uquiij^ 
but are only partially auoocaaful. Tab axiSAirroBa, other than filter*, are centrifugal tana or 
beaten for churning the gae and water, cauaing ter partielea to colleot in drop*, which float away. 
A roeenk filter dependa on atatic dec acUon in cauaing minute partielea of tar to coaleaoe into drop* 
large enonidr to fall by gravity in an ordinary aeparator; tar eo recovered i* water>free, and luu 
value aa a by-iwOduot. Suction produoera miwt aleo have apparatus to aupply ateam for humidifying 
the bleat. Aa no preaa ia requir^ the ateam may be made ia the producer jacketa, or in aa avap»> 
rator heated by the gaa on ita way to the aorubber. Proportions of steam and air must be oontroliM; 
beet done by aaturated air, but iti different temp. For a ptesa producer, a aeparately fired bdler 
generataa ateam for the blower. 

Mond produeen recover ammonia from the coal. An exceea of ateam is supplied to the produeer, 
reducing the temp of the reaction and hence Increasing the COj content, but preventing brealdng 
down of the ammonia. After purification the gae passes to a scrubber supplied with dilute 
instead of ‘water, which absmba the ammonia aa sulphate, aud upon evaporation solid sulphate is 
obtained. 

Rntiiig id producerg ie more uncertain and difficult than that of boilers; the term 
horwpower of b producer is incorrect, as no mechanical work is done. However, a pro- 
duett is usuaUiy designated as being of a certain hp, meaning that it will supply gas for an 
engine of tiiat hp. On the basiB of 1-1.5 lb coal per hr per enipne hp, and a rate of com¬ 
bustion of 7-10 lb per sq ft of producer grate surface (figures realised in aver units of bom 
types), a producer will supply about 7 hp per sq ft of grate. 


Table S9. Producer Dimensions (Smith) 


Up 

rating 

Coal 
per hr, 
lb 

Space required, ft 

Hp 

rating 

Coal 
per hr. 
lb 

Space required, ft 

Length 

Width 

Height 
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Height 
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65 

12 

7 

20 
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220 

15.5 

■QBi 

22 
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20 
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16 


22 
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125 

13 

8 

20 

■sa 

315 

t 17 


22 

125 

160 

13.5 

8.5 

20 

300 

375 

18 

■yH 

22 

ISO 

190 

M 

9 

22 

. 
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Producer costa. Following figures are from actual installationB before 1917: 


Suction producers, up to 300 bp, 252 + 

Pressure " “ “ 300 " 860 + 

Suction “ and auxiliaries, 0-200 hp, 570 -j- 
Suotion produoeib and auxiliaries, 150 + 

Pressure. to 200 hp, 1000 -h 

“ “ *• " over 200 hp, 2 000-1- 


(14 X hp) 
(15 X hp) 
(46 X hp) 
(11 X hp) 
(16 X hp) 
(15 X hp) 


Hote.—For ap¬ 
prox 1638 costs, 
double the figures 
obtained from 
above formulas. 


16. APPAEATUS FOR TESTING POWER PLANTS 

Codes governing the testing of power-plant machinery are published by Amer Soc 
Meoh Engs. Following suggestions, as to methods and procedure, may assist in laying 
out and running tests. 

Preparation. Define the object of test, and decide upon the limit percentBge of error aHowsUc 
• In the rcsidts. Determine quantities to be measured, by analysing the expre^ons denoting the 
final result* (generally compound unit*) Into quantities of a single dimention, since there are vwy 
few method* or inatrument* for measuring quantities of more than one dimension. Thus, the 
determination of water rate ealls for the wt of dry steam per hr per ihp, and the measuremento 
neeeasary are; wt of steam used, dryness factor, length of run, mep in the cyl, length of stroke, 
area of piston, and strokes per min. 

Chelcs of instruments and methods of measurement depend upon the limit percentage of error 
aOewato. fit an aggregate error rf 20% is permissible, apparatus of extreme accuracy ia unnaesa- 
aaty, b«^ if nsolta will bo worthless unless accurate within a very lew per cent, it ia uselaaa te 
prOetod fixeept with aeeiihite methods. 

Alter deciding upon the method, a diaobakhatic bxbtcr ie made of the meohinh to be taeted, 
Wilh all iustrumsBta shown ia their relative poeitione. This ia a guide in aettiag op the aptisratus. 
A‘k« of qtt «f the readina is then drawn up, with a eolumn for eaoh variable and apace for each 
nenslblsl Tte tim should ebo oontain epaoas for deaeription of apparatus, data eS test, names of 
ObsttWH and rsmarlBi. eoneanilag unusual oeeurrenoss. Corntdetonsse of pie log and sketch 
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■hotdd b* proved by Mtiac th«< tbar* it« idawfor «v«ry iaatruniMt rtsduct m4 tbKfe Ch« (omidM 
tiM4 for flolouiottnc finitl mutai ow b« fully MttiaBod few Uio tog roodiagi. 

ProMuro SMagFMoata. Ordlbury ivoh uniU aro: lb par aq in, to of morotiry.ta bad li of mbor. 
I lb per eq in S.0890 In tneroury »t 32* V ■■ 27.fl in or 2J202 It water at 62*> Lb per sq in ia 
naad for ail rangaa of proaa, except veeuoaa and preei to 10-13 lb nbova ntsMMi wbteh are axpraaaad 
in loebec of meroury. Furnace drafti preea in venblating duotot and other amall pnwutoa. are 
expraaaad in inebca of water. For hydraulic work, ft of water are uead aliaoat exoluatrely. 

Preaaure |agea of the Bourdon tube type, with acalea ranging from 80 m vacuum (15 Jib piea) 
to aeveral thouaand lb, are of indicating or recording form. Gagea ahould be OAUaaana b^ore 
and after uee. The moat reliable gage teeter ia the *' dead^weigfat *' teeter. Meaeurementa by 
mercury manometer, of either 17-tube or datera form, are atandard if the meroury be pure Deoaity 
of meroury ia altered by diaaolving tin in it; evidence of ouch adulteration le found by eubjeotiag 
mercury and water oolumna to the aama presa, and comparing the ratio with that for the pure taquub. 
Pure water ahould be uaed in water manometera, but ordinary impunuea in freah water wilLnot 
aaaterially aiieCt reaiUnga. For meaauring very amail preaa at temp below 32*, other liquida may 
be qaed. Bueh readinga ahould be tranapoaed into inehaa of water, by direct compaiiaon with a 
water manometer, or by meaauring the ap gr of the liquid by a hydrometer Very amail iHcaa may 
be meaanred by a water manometer with tube inclined at a ronalderable angle to the pmpendioular, 
thua eauaing large longit (ravel of theeurface of the liquid for email change in elev 

Tempemtura meaeurementa are made by the Fah aeale by engineera. though cbemiata uae the 
Cent aeale. 1* F » C/g* 0. Temp in *F ■■ temp in *0 X t/s + 32 (For eonveralon table, aee 
See 87.) The meroury thermometer, generally uaed for meaauring temp, baa a range of aeale from 
—40* to 1 000* F. Indicating and reowding inatrumenta are also made, in which the aetualing 
portion ia a bulb filled with liquid or gaa, connected by a flexible tube to a Bourdon tube which movee 
the recordingpen. Elec pyrometers, indicating or recording, are of the thermo-couple or reelatance 
tybe, for idl ranges of temp to 3 000* F. Optical and radiation PTBOME-maH are for meaauring temp 
from 1 000* F up. High temp ia aometimee gaged by the fusing of materials having weil-defaned 
meltibg points. The temp of a gaa flowing through a flue may vary conaiderably in different parts 
of the croaaHMO, and the true aver is hard to determine. Also, the instrument must not be espoahd 
to nidation from some object at a temp higher than that of the gas Failure to shield the inatru- 
ment from aneh radiation may oauae very large errors. Aa gases are tranaparent they will not 
rebate heat, and, if optical or radiation pyrometera are uaed, a aolid object must be plaoed in the 
gases at the point where temp ia to be measured and upon which the instrument ia sighted. Such an 
object ahould dark colored; all optical or radiation pyrometers are calibrated for a black object. 


17. MEASTJSEMENT OF WEIGHT, DIMENSIONS, SPEED AND POWER 

Mgggttraaient of wt is made by lever or gpriog balance. Spring balances are often 
more convenient, but their length of scale is limited and percentage error relatively high. 
After long use their accuracy is more questionable than that of lever balances. Wt may 
be determined indirectly by measuring the vol of an object when its ap gr is known. 

LMftb, area, and volume. Small irregular areas on drawings may be measured directly by a 
plaplmeter. Irregular volumes may be determined by weighing in air and immersed in water; 
from whieh vedume ia computed. Diilarencea in altitude may be detarminad by meaauring the 
difference in preaa in a water pipe running from one point to the other. The watw muat not be 
flowing when meaeurement la made. 

Speed. Many types of stroke or revolution countera are used. Some are attached to the 
mael^o; otbm* for hand use. They are the moat reliable for general aarvice, when the speed vuiea. 
TACHOMami indicate or record directly rev per min. They operate by the centrifugal foree of' 
eoUda or liquids, voltage of an elec generator, or synohronoua vibration. They should be oalibrated 
before use in important work, and their readinga checked by a revolution counter. They are 
unaatiafaotory for variaUa apaads, because averages must be estimated. Chronographs make a 
^aphloal record of each rav, with aimuitaneous time record. 

Pwver meMurenteats. Standard unit in the U S ia the hp « 33 (KX) ft lb per min ■■ 0.7457 kw. 
Power developed in eyla of endnes. pumps, or compreasora is indicated horaepower (ihp). It is 
tiMesured by an engine nrncATOB, a special form of preaa gaga whieh raeorda on a piece of paper 
wrapp^ on a drum, caused to follow the motion the piston. In nearly all indicators the prase ". 
recof^g mechanism is driven by a spring-oppoaed piston, the cyl of which ia connaotad wi^ the 
f fine cyl. Springs ^ve a wide range of atrength, and the scale markau on the spring indioatee’ 
that the reeorAng pendt will rise 1 in for that unit preaa. Mean effective ojd i»em (mep) is the 
aver of the recorded diagram, inehea, multiplied by scale of spring used. The indicator (fawn, 

usually 1 5-2 to diatn, ia driven from the enyine oroaabead, with the neesaeary redudng motion. The 
bdioa^pr ia eonneeted to the cyl thromdi a special ooek, whieh has a standa^ 0.5*to pips tluead on 
flge end, the other and being apedtl for each make of indicator. Indioaton are often uaed for 
recording rapidly fluotuatiiw proas to pipes, the drum botog designed eo that a oonttotmus nfli «f 
paper ta pcas^ over it. ^ 

I 

Potmr imtinit of matihines ia aoeggored by gbeoiption or teanamimaoii dyaamometata. 
The abaorptioxi dynamometer or Pbont bbajeb la egaUy noade in any alMq». tlie detaila tff Hn 
dfldlfl^x bei^ Itovemed hy the work to be done. Fig 50 riwwa a Fnmy bralw toiidfl tit 
iMMd bloeka hdd i4ogether by ateel baada. Tito arma are Of pipe or bar inm. Fdiotfcnv 



MBASir^HlSIFT'OF FLOW OF WATEB AND STBAH ifh4M 

J«4Ml}fi«ted by the Iwadwhad. ‘tihp 2vL Xiiwv pernia XW 33 OCPO, wham W «■ Ih 
wt mgivtared the scatoi Ims the unbalanced wt of the bra^e and ita mppiMt, and L . 
lat|g;Ui of fanrice anh, ft. > 

Prony bnkm are mMom used to abaoirb more than 80 or 7S hp, the limitation Ijrina in the dlfll> 
oulty la romovinc tiio heat aonorated; thin may be met by water-cooling the brake, but bwt by iwtwg 
a Iw^e pulley with an iatarualiy-flanged 
tia, wbidi whra juaniag will hold a body 
of in eontaot with the pulley rim. 

Aaothw abeorption djmamometer la the 
.Aunnt WBtxm, made with a rotating eted 
dlak eurrouniM by a eaaing. Within the 
eaeing are eopper platee, premed againat the 
diek by, water preen. Power in determined 
by meaeuriag the torque of the eaaing, the 
beat fenerat^ bdng earried off by the water. 

A number of HTonauuo anaxne are on 
the iMrindpte of a oentrifugal pomp, with 
Tanea on both eaaing and motor. Power la 
abaorbed by the ed^-ourrent fri^on, md Kg SO. Diagram of Prony Brake 

B&MHIttrW by tu9 vOt<lU9 Cn OMtnuB. 

Them bralte have been made to abamb over 5 000 hp. At low apeeda their oapao b low, but 
ine r e aa ea about aa the oube of the apeed. 

An elec generator may be uaed tm meaauring power, if ita effio b known. Eimcmio naasm 
are on tbb principle, with the generator atator hung on ball bearinga, ao that the torque can be 
maaaured. By running them aa motora they will aoeurately meaeure power input to a machine. 



18. MEASUSEMENT OF FLOW OF WATER AND STEAM 


Meagurement df water or other liquida. The moat accurate mode of w ei g hing Uquida 
ia.in tanks on aoales. When measured volumetrioally, by change of level in a calibrated 
tank, tiie area of the water surface should be as small as possible at the points where depth 
measpremehts are taken, so that a small error in depth will not make a large error in vol. 
Flowing water is measured, by weirs, Venturi meters, pitot tubes, orifices, and nossles. 
Piston and disk meters, also used for small and intermittent flows, should be set up for 
easy calibration. Disk meters will not handle hot water. 

Measurement of steam flow should be made in the form of water, either before it is 
fed to the boiler or after it leaves a condenser. Stbam ubtbbs operate on the pitot tube, 
Venturi meter, orifice, or float principle. Chief source of error is in the recording or indi¬ 
cating device, which, for accuracy, should correct for press and moisture content or 
superheat. A steam meter is calibrated by placing it in a steam line from a boiler, the 
fe^ water being weighed, or in the line to an engine exhausting to a condenser. 

Measurement of gas flow is more diflicult than that of steam, as the meters are not 
so MMsdly calibrated. Small quantities of gas can be measured in gasometers or gas holders, 
and wet or dry gas meters give fair accuracy for small flow. Buc, large quantities of 
gas must be measured by a batb-vlow iibtbb. Pitot tubes, Venturi meters, orifices of 
various forms, and anemometers, are used. The standard meter for measuring gas is the 
Thomas elec gas meter, in which the gas is heated by an elec resistance coil and amount 
of current measured. The wt of gas flowing can then be computed from the riw in gas 
tmp and the specific heat of the gas. The apparatus is expensive, and is generally used 
for calibrating the simpler and less costly forma of meters. 


8t«aa» catorlmstars. For most work a throttling oalorkneter is best. It consuts ctf a thorou^ily 
l»ga»<< metal chamber (often made of pipe fittings), with a thermometer oup at the top tad aa 
opening to the atmoa at bottom. It is oonneoted dose to the steam line and steam fioira Into it 
throve a small orifice. Totd heat in the steam is computed from amount «rf eupwhtat IndlcatM 
by the ealorimeter thermometer. As the principle of operation depends upon the difference ia 
total heat, the range‘Of this inatrument is limited, about 4% moisture being the max at 100 lb steam 
press tad 6.6% at 200 lb press. For very wet eteam a separating, or corobinatira aeparatita Md 
throttling ‘ealori m eter ahould be used. The ehief aouroe of error in steam mlorimeWy Iw in the 
difileulty of obtaining a truly repreaentative aampla of ateam; henoe care ahould be taken la pndag 
.the aamtiHnf nipple. . . 

' ” FmI cslorinietorB eomiirise those which operate continuously and those operating on 
ehtatas. Conttnuopa oalcrimeter b uaed for gas and light fud oik. -^ common form teaem^ 
k smsn Ibc^ribe boiler, set vertloally. with an intemsl fire box. The fud burner k pM 
^ fire ^ sir ter oombustiou being drawn in at the bottom. Water oireulatee around the 
Cad ^'hsating tarfCea'is sulBeiaat to allow gases of eombuation to be eooled to aitmo e tw ffl., Tla 
'ImIiiIIvu wuCatitiMi water —i* fud are so adjustsd that tho tka el water temp k20-30* F. ^he 
Wpsk^lb w ta ft of fueHta eonumte^rom sseeeurements d of fad ^»W wt cf w^ 

. ibe UT wsdar tonp. The dueoatimioue type « esionnietsr (boam ealotiawtar)* 
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foyrm and power magebodbt 


b Cor odUd fudr mh) Lwry ofib. A mdchod omptmt of ftnl k pUood in • bmvy or bomb* 

togotiior with O gM ttador proM, or o ehaniool oontainioc O to auppert eombuftliMnu Th« bomb k 
ptoeod in a fixad wt of water, in an Insulated ehamber, and the ebarge filed bgr an elw eparfc. The 
rise of waM^ temp measures the heat tudte sat free. 


19. CO]mL4CTS 

a 

When oontraek for power maehinery contain a dauae guaranteeing the performanoa. the wording 
should be such that ik meaning ean not be znktaken, and that the operatmg oon^tions are slsarlr 
specified under whieh the performance k to be made. Unless othsrwiM agreed upon, i^e aeeeptanee 
test k rttn by the engineers of the purchaser. The contractor k allowed to have a reprssmitattve 
present, who shall have access to all readings, thouidk without right to interfere in the running of the 
teat; but he may see that the machine k properly adjusted before the test k begun, and in ease of 
boiler testa he k generally permitted to direct the filing, but not to furnish the firemen. The 
engineer in charge k responsible for maintaining the operating conditions for which the guarantee k 
madh. When there may be difficulty in maintaining such conditions, some agreement should be 
reached by the contracting parties as to allowances made in fulfillment of the guarantee on account of 
sudi variations of conditions. When it k necessary to make measurements by other than generally 
accepted methods, a mutual agreement on the matter should be reached befwe the test begins. AU 
readings should be entered upon the official log sheet, which should be retained in its original form, 
because, in case a lawsuit develops upon the results of the test, that sheet alone has a le^al stani^g 
in court as evidence. 
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L OEASmO 


CliNxmetnistics. The term 
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Fig 1. Involute Gear Teeth 


aa here used meana tooth gearing; friction gearing and 
other epedal forme will not be oonmdered. According 
to the ahape of tooth, gears are divided into involute 
and epicydoidal; former has many advantages, and the 
latter is httle us^. Pitch cmcui (Fig 1) is the base to 
which all gear calculations are referred. The pitch circle 
diams of 2 intermeshing gears are equal to the diama 
of 2 equivalent cylinders, rolling in contant without 
slipping. CmociiAB pitch is the distance measured on 
pit^ circle from center to center of teeth; hence oir 

, pitch droumferenoe vd . . .. « 

pitch —- - ' 7 - ' j— -- , where d ■■ diam of 


no of teeth N 

pitch circle and N -• number of teeth in the gear. Cin* 
cular pitch is not convenient for determining number of 
teeth or pitch diam; hence, the diambtbai. maa is 
used, which is the number of teeth per in of diam, end 
is either a whole number or a simple fraction. Then, no of teeth ■■ pitch diam X die* 



malral pitch, and oir pitch ■■ 


rd 


wd 


N dX diametral pitch 
gear proportions are readily calculated. Thus, for a 2 
diametral intch, if the wheel has 20 teeth the Ditch diam 
is 10 in; or, if a wheel has 60 teeth and the pitch diam 
is 20 in, tile diametral pitch is 3, and the circular pitch 
is 8.1416 H- 3 • 1.05. 

• Spur gears nre gears in one plane, with their axes 
If the radius of pitch cir^ is in6nite. the drcle 
beodmea a straight line, resulting in the back. Spur 
gears having the same pitch are interchangeable (Fig 2). 
HaBBiNOBONB GBABS are used when end thrust on shaft¬ 
ing is to be avoided. Their teeth are cut at an (ani^e 
with the axis (Fig 8). 

Bevd gears are those of which tiie axes are in one 
plgne and intersect; they are called miter gears if both 
axe of tile same diam. Bevel gears are not interchuigB- 
aUe for the same pitch, but must be made in pairs (Fig 4). 

Worm and worm-wheel gears are gears with axes at 
angiles and in parallel planes (Fig 5). They must 
be ntade in sets. 


diametral pitch 


worm 

wheel 


In this way 



Fig 5. Worm and Worm-W h eel 




Metal geatt aw nsiudily of C1 or ateal; braaa. white metal, raw-hide, paper, aad 
for apeoUkl eaeee. Teeth eut in the solid lim give the moet perfeet fond of tooth, 
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•nd an knova m opv oiuih. If eaat ia • auid mould tho tootii outliao io lam Mouroto U»a ia tbo 
ant loar: ia aporatioa tn «7 aro aoitsr, aoiM inoraaiiaK with apoed. Saudi to*n oro mat la otMl 
Bkouldo oador pramuro, kaowa as diooaatiag. They are aoourate ia foriOi but naa bo made imly of 
aoft aiotal aad oonunerdally muat be duplieated in large quaatitiea boeauM of the expeaaiye dUea. 
Gaoriag ia also made of the inaerted tooth type. The teeth) of map^ wood, are iaaerted ia a C4! 
lims oae wheal of a pair haa wooden teeth, the other, ordinary metal teeth (Vig 0). Advantagae: 
they rua quietly aad in oaoe of aoddeat the wooden teeth, whioh are the ones to be damaged, are 
raadily replaoed. Wooden teeth are made in eoaree pitchea only. They are wider on the pfteh 
eirole than iron teeth, in the propmtion of 0.0 oireular plteh for the wooden to 0.4 dreular piteh for 
the faea, m a kin g atrength and wear more uniform. Oeara of large aieee are made la haivea or 
aeetioaa, bolted together, and can therefore be placed anywhere on a ahaft,af»tneaeeaarily at the end. 



Fig 6. Wooder-tooth Gear Fig 7. Compound Gear Train 


8por»gegr ratioa for aingle reduction of 8i)eed seldom exceed 6:1; in some apecial 
oases as higih as 10 :1. When greater reduction is required, gear trains may bo us^; in 
that shown in Fig 7 the driver has 20 teeth and meshes with a SO-tooth wheel, giving a 
2,5 ; 1 reduction; attached to the same shaft as the 50-tooth wheel is a 20-tooth wheel, 
forming a coupoxtiid obab. The latter wheel meshes with a 100-tooth wheel, giving a 
5 :1 reduction, or a total of 2.5 X 5 « 12.6 : 1. 


A handy rule for calculating gear ratios in compound trains is 


Product of the drivers 
Product of the dnven 


gear ratio; in whioh diameters, numbers of teeth, or rev per min may bo used. Where 
■ingle reductions of 3 or 4 :1 are made, the teeth on small gears wear much faster than 
those on the large. To equalize wear, the smaller or pinion gear is made of 


harder metal, as steel, while the larger is of C I. When the number of 
teeth are exact multiples, any tooth on the pinion will always mesh with 
the same tooth on the large wheel, and. in case there were opposed hard 
and soft spots m the teeth, wear would be rapid. But, where exact gear 
ratios are unnecessary, as for triplex pumps, the larger gear has an extra 
tooth called a bunting tootb; thus, if the pinion has 20 teeth and ^e 
large wheel 101 teeth, every tooth on the pinion will come in contact with 
every too^ on the lo^ gear, thus distributing the wear more evenly over 
both wheels. 

Strength of gear teeth. Weakest part of a tooth is at the root in the 
Boadlest wheel (a, Fig 8). the root being bounded by the radial lines, as 
shown. Formulas for strength of teeth are constructed upon this basis. 



Fig8 


the smaUest number of teeth being 12. Stub tooth gears have overcome 
this objection and even 5-tooth pinions can be cut. The root width a and the strei^th 
increase with the number of teeth. Width of face for good contact is generally azsuB^ 
to be 8 tiimss the oiroular pitch (sometimes exceeded). Spur and bevel gears are obtain* 
able <ii any size, stock sizes having pitches from 0.5 to 46 diametral pitch. SelM- 

tion of proper pitch depends upon size erf gear and power trananitted; in general, am 
larger the gear the greater the power transmitted and the coarser tho pitch. Wouc-obab 
BB pponoini are much greater than for other types of gearing. If the worm is a stegla 
thasad, for each*revolution of wonn the worm-wheel moves 1 tooth; for a double, triirfe, 
or quadruple thread, the wheel advances 2, 3, or 4 teeth. The wheel diould have at leasts 
35 teeth, ami ae the of worm and worm-wheel have no influence on the ge ar ratio, 
tho ooirwt ptopwtiOBS mupt be carefully worked out for effioient operatioo. IB mahete’ 




41-04 MECHANICAL.ENOINBBBING MISCELLANY 

ofttalogues, ntiot of 15 : 1 for (loadruple thread*, or 129 : 1 for eitigle thread, ava quoftedU 
In all fearing the ratioe are p^tive; tlwre ia no alippiag aa with tieltiiig. 

2. BELTmO 

, Priac^ea of pulley and belt tranamisaion. ffinoe dippage alw^ra oocura, exact apeed 
ratioB can not be obtained, Reaiataaoe to alippage dependa upon tiie coeS of fdetiCMB, area 
of aurfaee in contact, and preaaure on imiley face due to belt pull. The effecti've pull ie 
equal, to the difference between the tenaiona on the tight and alack aidea of the belt. The 
a^e’over which contact takea place ia the angle of wrap. Coeff of friction depend* upon 
the materiala in contact and ^e condition of the two lurfaoea. For ordinary iron or 

wooden pulleya and leather belting, 
the coeff i* 0.8 to 0.4 aver for dry 
eurfacea, and aay 0.16 to 0.2 for 
wet or oily eurfacea. 

For affieient operation the friotion 
coeff muat be ae large aa poaaible. It i* 
evident tiiat the beat drive ie that 
ahown in Fig 9, that ia, with the tight 
aide below, einoe any abretch in the 
bdt inereaaea the an^e of wrap, one 
of the power faetora. The wont oon- 
dition ie ehown in Fig 10. The lower 
pulley being the driver, any etretoh in 
the belt oauaee elipplng and esceaeive wear. In practioe thia form of drive requiraa aa idler pulley 
to maintain proper tension. 

Power trangmitted by a belt depend* first upon the difference in tension between tight 
gnd riack sides, and second upon the bolt spe^. With surfaces in good condition, and 
180^ angle of wrap, the ratio of tension on tight side {Tn) to tension on slack side (To) 
averages about 2.5, that is, Tn -t* To » 2.5. This ratio varies from 2 in small sise* to 
3 in l^e, the pulley diams being equal or nearly so. To solve this fonnula either Tn or 
To must be known. Tn is obtained by finding the breaking strength of a piece of belting, 
from which is determined the safe working stress. Since belting varies in thickness, the 
tension per in of width is generally given, ratiier than tension per sq in of cross sec. 

Belt Bpeed. Increase in speed, other conditions unchanged, increase* power delivered, 
up to a certain limit. But, as the belt travels over the pi^ey, centrifugal force throws it 
away from the pulley face smd partly neutralises the driving force. Thd limit is reached 
at a speed of about 5 000 ft per min; any further increase of speed decreases the {rawer 
tiansmitted. Hp -■ of belt (lb) X vdoc (ft per min)] 4- 33 000. In practice, 
3 000 to 4 500 ft per min are aver speeds. Velocity must sometimes bo sacrificed, due to 
the large diam of pulleys required for given rev per min of shafting, and the belt width ia 
inorea^ to transmit the required hp. Belting is usually of leather, or several plies of 
canvas covered with rubber and pressed together. Woven belts, or thin sted bands, 
are also used. 

Leather belts are of single, double, or triple tbickness. Makers’ catalogues give 
tables of the hp transmitted by different kinds of belting at given speeds, the figures being 
baaed upon an arc of contact of 180", and an aver working tendon per in of width found 
satisfactory in practice, vis: 40 lb for single, 70 lb for double, and 100 lb for triple thick¬ 
ness. Thus, if a belt running at 3 000 ft per min is required to ddiver 60 hp, the total 
pull would be P 33 000 X 60 4- 3 000 = 660 lb. For a double bdt a pull of 70 lb 
per in of wi4.th is allowsble, giving 660 4- 70 >= 9.5, or aay a 10-in belt. It is good practice 
to dedgn a belt drive oapaUe of transmitting 25% excess {rawer for small dies and 5% 
excess for large drives. One maker reisommenda the following rule, which includes 
reewve poww: for sio(de-thickneBa leather bolt, the hp per in of width bdt speed in, 
ft per min 4- 800; for double thickness, divide the 8{)eed by 500. 

Leather bdting diould be cleaned and dressed with a reliable compound to keep it 
soft and jtliable, and be systematically inspected. Bdts exposed to dampness or acid 
(ulnes require special treatment in manufa^ure. If a belt is stretched to its liihit to 
iranemit a g^ven bp, its life is short. Since tension produces a heavy puli on shafting 
and bearings, causing friotion and wear, it should be a minimum for the ^ork to be dade. 
Low tendon givM long Ufo and increa^ first cost; high tcmaion, a short life end lower 
diot Cost, but with more stop{)ages for bdt re{MurB. S^ts can be driven, gt dmost any 
angle, if provided with idler or guide {juUeya. DnfrA.Moa sarwraff atttFT oairniite: if 
adtplkt the weight of bdt on deck side produces the neoesaary teasfon, and stretch htcfoadw 



Driver Driven 

Fig 9. Favorable Belt Drive 




Idler 

"ca 
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Drivor 


Fig 10. Unfavorable 
Belt Dnve 
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angle of ooDtaot; if short, the belt must be stretched for neoesaary tension. Slippage, 
whii^ will ooeur ^ter a short time, due to increased stretch, can be overcome by an adjust- 
able idler pulley on slack side, close to the driving pulley, so as to increase arc of contacft. 
Bhort-oenter drives, capaUe of heavy power transmission, are now built with special 
t 3 ^ of idlers. If the distance between pulley centers is excessive, ^e tight side 
will sag, decreasing the angle of contact, and the belt is liable to flap, causing the faces 
to rub on each other. To get proper tension when putting on new belting some makera 
recommend cutting out 2 in of belt for every 10 ft of tape 
line measurement. For running shafts in opposite direc¬ 
tions, crossed belts (Fig 11) are used, but should be 
avoided if possible, because the belt rubs at point of 
crossing. For other types of belt drive, the makers should 
be consulted. Leather belting can be had from 0.5 in Fig 11. Crossed Belt 
to 72 in wide; widths from 0.5 to 1 in vary by i/g in, 

from 1 to 4 in by 0.25 in, 4 to 7 in by 0.5 in, 7 to 26 in by 1 in, 26 to 40 in by 2 in, and 
above 26 in by 4 in. 

The figures in Table 1 are based on first-class short-lap belting, made from backs of 
pure oak-bark t anned leather, run under ordinary conditions and on pulleys of medium and 
equal size. When the driven pulley is smaller, the power transmitted will be as much 
less than the tabulated values as that part of the surface of the driven pulley which is 
covered by t.he belt is less than half its surface. 

Rubber belts consist of several plies of canvas covered with rubber. They can be 
used in damp or wet places, or in drives exposed to the atmosphere or to acid fumea. 



Table 1. Hp Trsnsinitted by Leather Belts, American Leather Belting Association (1980) 

Horse power per inch of width 
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QuAtity of rubber determinee grade of tbe belt, new rubber being better tban rwdaimed 
product. S^ngtb depends upon the wt of canvas used, which is given in os per aq yd of 
canvas duck. Rubber belting is cheaper than leatiier. Makers advocate a difference of 
tenai(m of flO lb per in of width for 4*ply belts, made of new rubber, with minimum pulley 
diam of 24 in. Smaller pulleys can be used, but the life of belt wUl be shortened, due to 
bending over the pulleys, the outside layers being stretched, while the inner are omn- 
pressed, thus causing working of the layers on one another. On this basis makers give 
the following figures, 3 or 4-ply rubber belts being rated as the equivalent of aingle- 
thiokneas leather, and 5 or 6-ply the equivalent of a double leather belt transmitting 
about 50% more power than a nngie. The arc of contact is taken as 180”. 


4-pIy rubber belt. 

6 .. 

0 ii <t •< 

g «» 


60-lb tension per in of width, min diam of pulley, 24 in 
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Fig 12. Belt Speeds and Hotsepower 


Scane engineers estimate the aver value for tension at 20 lb po: in of width per ply of 
which is higher than the values ipven above. In layi^ out bdt drives, an^le 
^\°iihKanoe must be given between ma<diine frame pud the walls of wooden build in gs;, the 
I^My^bing against a timber may produce enough heat to cause a firaf> besides deatroying 
If tite outside rubber coating is damaged, moisture or fumes wQl penetrate the * 
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MAvu and deatnqr the bdt. Applioation of lewoiu eobetaneee to indtey facea to in««aae 
adhesion also destrosrs belting by tearing the rubber. Power transmitt^ (Fig 12), bas^ 
upon previous formula for ISO** arc of contact, is Ap *■ P X V -i” 33 OQO; if the arc is 
240®. allow 160%; if 120®, allow 60%; if 90®, allow 30%. 

An allowance of i/s to 0.26 in per ft of tape line measure¬ 
ment for stretch in rubber belts is recommended by 
makers. Canvas bbvts aie made by sewing plies of 
canvas together; woven belts by a weaving process as 
for cloth, animal fiber being used in some cases. In using 
this class of bpiting the tension must be the same over 
the entire width, otherwise the belt will not run true. 

CAHBLS-aAiB BELTiNo is guaranteed to transmit twice 
the power of a leather belt, based upon the increased 
coeff of friction and strength of belt. 


(a j Pulley side 


a 


(b) Pulley aide 

Fig 13. Scarf Jointe, Leather 
Belt 



Fig 14. Belt 
Lacing 



Fig IS. Metal Belt Faetenets 


Belt fasteninga. For leather belting, joints are made by scarfing and gluing the ends together, 
making an endless belt. Some machines are designed to be shifted on their frames to take up 
slack, but when the limit is reached the belt joint must be made over. For single leather belts the 
joint should be as in Fig 13 a; for double belts, as in Fig 13 b. Rubber belting can be similarly 
spliced. After the surfaces are covered with a rubber cement and allowed to dry they are stitched 
together with narrow rawhide lace. Lacing should have uniform tension; it is straight on pulley 
side but crasses on the back; for narrow belts, the boles are in one line; for wider, they may be 
staggered. In lacing a belt the 2 ends must meet square and in line; if offset, as shown by dotted 
lines,' Fig 14, the edges will be damaged. Metal fasteners are good and are made in many designs. 
For'eanvas and woven belts, the maker generally recommends some special type, best adapted to bis 
own belting. In the fastener shown in Fig lb b the wire is inserted by a special machine, the ends 
being held together by a rawhide pin. It is a hinge joint and can be readily taken apart and replaced. 


3. PULLEYS 


Pulleys for belt drives are of C I, wood, fiber, or pressed steel. C-I pullesrs arer solid, 
or in halves bolted together. A solid pulley must be installed by slipping it over the end 
of the shaft; split pulleys can be set anywhere on the shaft by bolting them in place. 

Principal dimensions for ordering pulleys are bore, diam, width of face, and size of 
keyway (Fig 16). The face may be crowned or flat (Fig 17). \N'ith a crowned pulley, 

if the tension is not equal on both sides of belt, or the 
shafting is slightly out of line, the bolt will seek the 
highest veloc, which is at the middle of the face, and is 
thus made to run true. Crowning is generally about 
l/g in per ft of width; if excessive, it damages the belt 
by overstretching it in the center. Flanges on the 
pulley face to keep the belt from running off should 
be avoided, as they wear the edges of the belt. If the 
belt becomes slack it may ride up 
on the flange and tear. Untrue 
running of belts is caused by un¬ 
equal tension or poor alinement of 
shafting. Machinery that must 
be started and stopped frequoitly 
is sometimes fitted with crowned 

TiaHT AND LOOSE PULLEYS, tilS 



J 


Crowned Flat 

face face 

Fig 17. Flat and 
Crowned Pulleys 


belt being drifted from one to 
the other to start or fitop the machine. The driving pulley has a flat face, and a width 
equd to die comtmed widths of the 2 driven pulleys. Belt shifter should be placed 
on the sidp wWe the belt leads on to the pulley. Very wide C-I pulleys may have 
doulde spokes or arms (Fig 18). C-I puU^s are heavier than other types. They 
TBiy frma 8-in diam and 2-in face to 120-in diam by 60-in face. (For detiuls, see 
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oataloguM.) S(^ C*I pulleys lor siiisle'thickneaB are the cheapest, ^lit C>1 
pulleys cost about 50% more for small sises, to about 20% more ob medium sues. C 1 
{with the foundry seato attached) witlwtands action of add fumes or dampnMs better than 
steel or wood. Pbbssed btbbi. pclueys (Fig 10) are made in. halves, with double sets of 
anus when necessary. Sises vary from 6-in diam by 2-in face to 120-in diam by 86-in 



face, prices averaging about the same as C-I split pulleys for single belts. Fig 20 diows a 
set of bushings which adapts this type of pulley to several sizes of shaft. Wooden 
puiXiETB are made by gluing together strips of wood so arranged as to avoid warping. 
They should not be used in damp places. They are light in wt, and have the same advan¬ 
tages as the pressed-steel pulley. Sizes are from 3-in diam by 3-in face to 120-in diam by 



Fig 21. Small Fig 22. Large Fig 23. Pulley with 

Wooden Pulley Wooden Pulley Inserts for High Coefl of 

Friction 


24-in face (Fig 21, 22). Prices of wooden pulleys for double belts aver slightly less than 
solid C-I pulleys. Catalogues give information as to spedal types and sizes. If the coeff 
of friction can be increased, the tension on tight side can also be increased, and more power 
transmitted; hence, the pulley face is sometimes covered with leather, canvas, or cork 
inserts (Fig 23), increasing the power transmitted for the same drive. 


4. SHAFTING, HANGERS, AND BEARINGS 


t^hsfting is of steel, turned and ground, or cold-rolled. The latter has a hard surface, 
^ which, if damaged by the cutting of a keyway, 

. may warp the shaft. Shafting is carried in 
10 stock in sizes from •/je to 1.6-in diam, in lengths 

^ 1 to 24 ft, and from 1 •/!« to 7 in diam, in 

U mL *®"SthB from 5 to 24 ft. Diam always increases 

18 rfl if/ L Plp^ by i/ie in. Where longer idiafts are required, 

\\ MB I 5 Ir-ij ' “ fftj stock lengths are joined by couplings. 
i| Hu f . Hangers and bearings. Shafting is carried 

A\ 1 in bearings mounted in adjustable hangers 

u -i. attached to the celling, walla floor, or posts 

of • building. Si^cial fittings are required tar 
u ^ steel-frame buildings. . Harare are C I or 

pressed steel. Fig 24 is a ceiling hanger, which 

fk 94. CeiUng Pig 25. Adjustable I” 

Post Wan gT . Fig 26 the bolts e pass through netted holes to 

permit adjustment; tiie bearuog can be raised 

fowwed by screws d, which support it. The belong in fig 26 has a spberioal deaf 


25. Adjustable 
Post Hanger ' 


Ibewwd by aerews d, which support it. 
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at a, for aliidng in any direction idwut ita center. The lower h (Fig 25) can be 
removed, the box token out, or ahafting removed, without interfering with the hanger: 
shafting can be* assembled on the floor, hoisted into position in the hangers, and bearings 
and caps readily put on; convenient for heavy work. Boxm should be ring>oiled and 
dustproof, to minimiM attendance. The points for ordering hangers are: style of hanger, 
drop or distance from center of shaft to tiie base (Ilg 2^), and diam of shaft. When in 
places difficult of access, shafting and bearings are apt to be neglected. When hangars 
are attached to ceiling beams, the spacing of these deter* 
mines the distance between bearings; 8 to 10 ft is con* 
sidoed good spacing; if greater, heavier drafting should 
be used to prevent bending. Length of bearings is given 
in terms of diam of shaft; for diam leas than 2 s/s in 
bearings are 5 diam long; for heavier shafting, 4 diam 
long. Shafting is subject^ to torsion, due to the power 
transmitted, and to bending, due to wt of the pulleys, 
its own wt, and the wt and tension of the belts. All 
pulleys should be as close to the hangers as possible, and 
heavy drives placed near the point where the power is 
received. For good service, shafting should be carefully alined, with a small end play 
(say i/s in), and with collars to prevent any excess end motion. Where the power is 
received, collars should be placed on both sides of one hanger, leaving the ends of the 
shaft free to expand and contract with temp changes. Motors driving shafting in dusty 
places can be enclosed, and a alight increase of air press above atmos maintained on 
the inside, to prevent entrance of dust. Bsabing passBUBss are determined per sq in 
of project^ area (diam X length of bearing). The aver allowable press, varying with 
load conditions, speed, lubricant, and method of lubrication, is about 60 lb per sq in of 
projected area. 



6. ROPE DRIVES 

Hemp or cotton-rope drives are of two kinds: continuous or American, and multiple 
or British. Amebican btstxm. The rope is wound around the pulleys as many times as 
the power to be transmitted requires; it then passes over a tension carriage (see below), 
which keeps the rope at constant tension and returns the last wrap to the first groove of 
driving sheave. This drive has only one splice, which is the weakest part of the rope. 
Breakage of the rope causes a complete shut down, usually avoidable by careful inspec¬ 
tion. This system is best for vertical or angular drives, and can be used for heavy powers 
with short center distance. Bbitibh btstsu has separate ropes for each loop, and hence 
has as many splices as ropes. Maintenance of constant tension in all the ropes is difficult 
but important. If 1 or 2 should fail the others will transmit the x>ower until repairs are 
made. Low tension lengthens life of the drive, which should average 8 to lU years. 



Fig. 27. Sheave Orooves, Fig 28. Sheave Orooves, 

British Rope Drive American Rope Drive 


Sbeaveg and rope. Fig 27 shows shape of grooves for main sheaves and idler, of the 
English system; Fig 28, for rfie American system. Orooves must be accurately machined, 
with surfaces free from imperfections; sand holes cause rapid wear on ropes. Being neoee* 
aarily heavy, the sheaves act as fly-wheels for variable loads, and should be well balanced. 
Minimum sheave diam is 36 times rope diam; 40 times is better. Rope must not touch 
bottom of pooves of driver or driven sheaves, otherwise no wedging action occurs, ^me 
makers design the groove to cause the rope to rotate on its axis, and so produce uniform 
wear. , . 

Ciotton ropes axe softer than hemp, cost more, and are more used in Great Britain t han 
in U S.. Hemp bransm^on ropes are laid with internal lubricant to reduce wear. Manila 
ropd hail 3, 4 , or 6 sbrands (Fig 29). Dhuns from 0.75 to 2 in increase by in; from 
2 to 241 in by 0.25 in. (For streng^ and wt of hemp rope, see Sec 12.) To lie properly^ 
BheavB/grooves, sbboes must not increase the rope diim. Strength a good splioe l| 
about 85% that of the rope. 
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In the American drive (Fig 30), constant tension u maintained a tsnbion CAKtuoa^ 

to compensate variation in length, from stretch or shrinkage dne to moisture. A tension 
, , carriage 'will take care of 3 000 to 3 BOO ft 

dlan —*1 of rope. 

Power transmitted by rope dri^ depends 
upon the same elements as for belting. The 
friction between the ropes and sides of grooves 
can be increased by an increase of tension, 
and the difference between the 2 tensiona and 
centrifugal force is the pull in lb. Rope speed 
Fig 29. Drive Ropes is generally the same as for belting; but, mnce 

rope weighs less than belt, the tenrion can be 
increased at high speeds to offset effect of centrifugal force; 80 ft per sec is an aver speed. ‘ 
Driving force is JP "• To, where 2n ■■ tension on tight side, and To is the result¬ 
ant of the tension on riack side (taken 
as 0.6 P) and centrifugal force C. 

Hence, the power may be written, 

P • Tn — (C + 0.6 P), reducing to ~ I a -J 

P • »/,(Tn - C), and the hp - | ^n\ 7/ 

‘/t(Tn — C) X F + 33 000, where /fOV. 

V w rope veloc, ft per min. The ex- 5 J ^'‘*****(^^^. 

preation for centrifugal force is C « | 

TFe* -► 32.16, W being the wt at rope ►* \\ \ 

per ft and v the veloc, ft per sec. 

With fixed rope speed and min diam Pri»« li jl 

of sheave it is more difficult to design V/iff 

rope than belt drives. If the desired 
rev per min can not be obtained with 
a certain rope diam, the rope diam 

may have to be reduced, so as to use ^ ^ 

a smaller sheave. To transmit the American Rope Drive 

same power, this requires more ropes, 

increasing wear and maintenance. It is good practice to use few ropes of largg'diam; 
1.76-in rope is a good commercial size. 


auld* Shcaict I 


Fig 30. - American Rope Drive 



Fig St. Rariish 


8000 4000 MOO 0009 

Tdoeitjr riT R^ FJP.]|. 

Os) Hemp Rope Drives (C. W. Bunt Co. broken lines; G. V. Cresecn Cq 
so lines; Rice A Sergeant, full Unes}. I- DeO. Mese 
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ColBpiriMm of power drives.' Qeering is used fdr ndnimiim center dietanoee; itpvesn 
pontive drive, but is noisy.. Chidn drives are positive, and qpeciai forms can be run at 
high Bi>eeds; center distances are greater than for gears, less than for belts. The elements 
of chi^ drive are given in Sec 27. 
be run at high speeds or at any 
angle, require good alinement of 


Belts can be shifted from one pulley to another, can 

100 



05 

00 


80 

75 


70 


65 


shafting, are not noisy, but produce 
electricity, which is sometimes ob¬ 
jectionable. Rope drives, used for 
max center distwces, are quiet in 
operation, produce no electricity, 
do not require Mcurate alinement 
of shafting, can be run at any angle, 
occupy less space than belts, and 
are cheaper than belting for heavy 
power and long center distances. 

Wire-rope drive (Fig 33), con¬ 
sisting of a single loop of wire rope 
around a i>air of pulleys, can be 
used for distances of 70 to 400 ft 
between sheave centers. The 
sheave grooves are “ filled,” and 
the rope should not touch the sides 
of the grooves, thus requiring good 
alinement. 

Driving power depends upon 
coeff of friction between rope and 
sheave filling (see below). (For 
wire ropes, see Sec 12.) 7-wire 
rope will stand more wear, but re¬ 
quires larger pulleys. Steel rope 
« Btroi^r and has a longer life, 
but thlji^siBe can not be reduced, 
due to the wt required; a small 
repe must have more tension and 
damages the pulley filling. Bend¬ 
ing stresses (Sec 12) generally ex¬ 
ceed those due to direct pull. 

Speed limit is 6 000 ft per min. 

If the roi>e lashes at high speed, 
tiie direct tension may be momen¬ 
tarily doubled, and, if the sheaves 
are small, the bending stresses 
plus the tension may strain the 
rope beyond the elastic limit. 

Sheaves should be as large as practicable, to give high rope speed and hence permit 
use of min diam of rope. Fig 34 shows sheave groove and filling. Filling connate of 
altwnate blocks of leather and rubber; rubber has high coeff of friction, while the leather 
has resisting qualities. Hard-wood blocks are sometimes used. 5 000 ft per min rim 
q>eed is Atout the safe limit for C-I sheaves or for the filling. Sheaves must Ito accurately 


35 

80 

S5 

20 

15 

10 



balanccid, <do* imvent lashing of the rope. At less tiian 70 ft center distance, tensiaa 
beoomaa''incearive, inoreanng wear on rope and filling. For spans greater than 400 ft. 
Btultiide loops may be mnployed. 'Where there are sudden variations in load, a flywheel 
can be attached to the rfbeave ihaft. For dumi^ng direction of the drive, bevel or frietion 
gears are used. The heavier the rope, the greater the tennon and farther apart may the 
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drnves be placed, with mailer aag o^deflection. Makeip’iuiTjae a aag of i/m the in 
> bpth ropea when idle; in operation, ihe aas pn tight aide ie about 0.02 the i^an atid om the 
alack aide 0.04. Thia makea the tenaion ratio about 2 : or'difference in tensionamay be 

computed by taking the wt of 1 rope betweeb ahe&vea and multiplying by 3. The hp can 
then be found: hp <« T X F •i* 33 000, T being differiace in tenaiona and V velM, ft 
per min. No deduotiona are made for centrifugal force, or bending atreasea, aa they are 
negligible under uaual eonditiona. Idler aheavea may be uaed to prevent tiie rope from 
atriking nbatructiona. When on the following aide, they are 0.S the diam of the (Mver or 
driven wheel;’ if in the middle of a apon, the tenaion aiKi power tranamitted wili be halved. 
Tightener aheavea may be placed on abort apana, but are not recommended. Sheavea are 
aometimea mounted on movable bearinga, for taking up alack without reaplidng. Cata- 
loguea of makera give tablea of hp tranamitted, center dietancea, diam of aheavea, and rev 
per min for different aiae ropes. 


6. LUBRICANTS 

Requirements. Lubricant must have sufficient boot at the probable temp to which it 
will be subjected, to prevent it from being squeezed out by press between bearing surfacea; 
it must not decompose nor evaporate at ordinary working temp; it must contain no acid, 
which may injure bearing surfacos; its coeff of friction must be low; it must be aa fluid aa 
is consistent with the required body; and it must not freeze at any temp to which the 
bearing may be exposed. 

Ordinary luhilcanta: animal fata, vegetable and mineral oils, flake graphite, soapstone, 
powdered mica. 

Aidmal fats or oils ate often used for bearings subjected to low temp, but are generally mixed 
with mineral oils. They decompose at moderate temp and set free acid. Vegetable oils are used 
where the bearing press is light and temp low. Mineral oils are obtainable to suit practically all 
conditions of lubrication; they do not easily decompose and contain no acid. Greases are mixtures 
of mineral oil and animsd or vegetable soap; useful for slow-moving bearings under heavy press. 

Solid Ittbricantt, used alone, fill the pores of the bearing metal and form a film on it. 
They are commonly mixed with oil or grease, and generally improve lubrication. They 
must not be tiaed for ball bearings, as they build up a surface on the ball race whi^ often 
splits the bearing. 9 

Testing lubricants. The value of ordin^ teats is relative rather than absolute. Two oils, 
showiny approx the same characteristics, will probably serve equally well in the same bearing. 
Oils are tested for the following characteristics. Special machines are used for ooeff of friction tests. 
Other tests are for adulteration and presence of acids. Viscositt, or degree of fluidity, is a measure 
of the body of an oil. It is determined by viseosimeters. Nearly all operate on the principle of And* 
ing the time required for a given volume of oil to flow through an orifice. Thfeir design varies greatly, 
and 2 different instruments may give widely diflerent results for the same oil. Viscosity is generally 
•xpreased as specific or as relative viscosity (Table 3), which denote the relation between the times 
required for the same volume of oil and water to flow through the orifice. Tests are made at differ¬ 
ent temps. Flami poikt is the temp at which an oil will give off enough vapor to ignite and Sash, 
when a flame is held over the surface. The heating should be done slowly. Types of apparatus are 
the open cup and closed cup. The closed cup has an opening in the cover, clo^ by a riide. As ^ 
oil it heated the slide is periodically removed, and a flame inserted until the flash point is reach^ 
During tests a thermometer is hung in the body of the oil. Bukniko poiwt is the temp at iiri>ioh an 
oil will give off enough vapor to ignite and continue to burn. Chiu, poiirr is the temp at which an oil 
freeses. Best determined by placing the oil in a test tube with a thermometer. The oil is then frosen 
by an ice and salt mixture. After freesing, the test tube is removed from the ice and the temp ob¬ 
served at which the oil melts. Fjuctiom txsts are made by special machines, designed to pproduea 
working conditions, and to measure the temp of the oil and coeff of friction. The speed tod preen 
between bearing surfaces may be fixed at will. The simpler machines give only comparative results, 
but valuable data have been obtained from specially designed apparatus. 


Table S. Characteristica of Lubricating Oila 


Rind of ml 

Spedfio viscosity, 
70* F 

Specific grav, 
water « 1 

1 

Flash print, 
degF 

Burning print, 
deg F 

Heavy ei«ine and.maebine. 

185 


400 

445 

Ordinary engine a^ machine.., 

180 


1 410 

, .460. 

Light machine. 

100-150 

0.870 


' #440 

High-grade cylinder. 

175-200 

0.903 

000 


Orffinaiy cylinder. 

185 

0.899 


615 

Oaa engine. I 

300 

0.893 


350 

Autons^le cylinder. 

195 

0.877 


485 



















PIPING 




_ Dctoctfm of odaltoruiti. ^i^»!gndo oQ io ao mo t imo odultermtod witli low-fladi 
detect^ ki flaah'tott apparmttu. Presence of vegetafate or anima! 

• 1“ mmeral oils is detenxuned by mixing a sample wiUi a solution of. sodium or potsa> 
Slum nydroxide and heafing to 4 ibaut 200® P. Animal or vegetable, oils will saponify 
and separate from the mineral oil. Presence of mineral oils in animal or vegetable oils is 
determined by the same process, as the mineral will not saponify. Acids are detected 
by litmus paper. 

Most of ^e above oils have a ebUl point slightly below freesing point of water. Oils 
may be obtained the chill point oi e^ch is considerably lower. 

Srteetion of Inbrieants. For engine cylinders using high-press steam, high-grade cyl 
oil; for engine cylinders using steam below 100 lb press, second-grade cyl oil; for stationary 
gas engines, a heavy oil with high flash and burning points (it should preferably'have a 
liquid base); for air compressors and high-speed intwnal combustion engines, a liquid- 
base oil with a relatively low viscosity and a high flash point, flngine and machine oils 
are sold in many grades to suit all conditions. For slow-moving bearings under heavy 
press, use grease. If the press is exceptionally heavy, add graphite to the grease. 


7. PIPING 

List sizM of welded W-I or steel pipe indicate the nominal inside diam. Actual di*tn 
wies considerably from the nominal, especially in standard wt pipe of small sixes. Out¬ 
side diam of all weights is the same, so that the threads may be uniform for same nominai 
sise. Added thickness of metal reduces the intemal diam. Ordinary welded pipe is of 
mild steel. If iron pipe be desired, it should be specified. Tubes are listed according to 
their actual outside diam. Pipe is regularly supplied in random lengths, from 18 to 22 ft, 
threaded on both ends, and 1 coupling is fumi^ed with each length. An extra charge is 
made for pipe in equal lengths, ^ces vary with the metal market, and the place of sale. 

List prices rarely change, and those in following tables hold good for 1938. List prices 
are subject to large and varying discounts and prevailing rates should be obtained from 
manufai|urers before cost estimates are made. 

In tn following tables a fairly complete list of pipes and fittings is given, but valves 
and cocks are omitted, as they are made in too great variety to be listed here. Dealers' 
catalogues should be consulted regarding them. 


Table 4. Lins Pipe, for Oil, Oas, and Bigh-press Mains 


Nominal 
inside 
diam, in 

Actual 
outside 
diam, in 

Wt per ft, 
lb 

No of 
threads per 
in of screw 

Nominal 
inside 
diam, in 

Actual 
outside 
diam. in 

Wt per ft, 
lb 

No of 
threads per 
in of eerew 

2 

i.yi 

3.61 

11 Vs 

6 

6.62 

18.76 

8 

3 Vs 

2.87 

5.74 

8 

7 

7.62 

23.27 


3 

3.50 

7.54 

8 

8 

8.62 

28.18 


3Vs * ■ 

4.00 


8 

9 

9.68 

33.70 

8 

4 

4.50 

10.66 

8 

10 

10.75 

40.06 

8 

4 Vs 


12.34 

8 

12 

12.75 

49.00 

8 

5 

L-liU 

14.50 

8 






Table 6. Boiler Tubes 


Actual 
outaide 
diam, in 

Thickneea 

Wt per 
ft, lb 

Actual 
outaide 
diam, in 

Thioknew 

Wtper 
ft. lb 

B.W.O. 

In 

“B.W.a. 

In 

I 

13 

0.095 


3 

12 

0.109 

3.»8 

IV4 

13 



3V4 

II 

0.120 

4.555 

1 Vs 

13 

0.095 


3 Vs 

n 

0.120 

4.921 


. 13 

0,095 

1.910 

4 

10 

0.134 

6.286 

2 .» 

13 

0.095 

Kins 

4 Vs 

10 

0.134 

7.103 

2V4* 

13 

0.095 

KiS9 

5 


0.148 

8.720 

2 Vs 

12 



5 Vs 


0.148 

9.622 

2V4 

12 

0.109 

3.504 i 

6 

■HiHII 

0.180 

12.730 


Tubas, Pipy be detained in othor thiekaassss sad Isrgsr dam than these givaa abevu. 
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T«U« •. Boot's Sviral-dTotod Fipo 

Blook sad uphsltod pipe i> la lenstht of 35 ft or low, gslvialnd ia laastiu of 3ft lb Wi is 
•ppm for blwk pips wily: ssphslted sad gslvaaiaMl woi^t 10 to 30% hoovior. PriMi, I por 
libsor ftt irtth pl^. orimpod, or sloovsd ends. Bkoros «1 mb furaiah^ sro iaoludsd i& llaoor 
msMureawat. 


No 24, B W O 


No20,BWQ 


Diom, 

la 



Wt Approx 

per burating Diam, 

100 ft, proM per la 

lb sq in, lb 



pb^^l iaed 


Approx 
buretins 
prim per 
aq ia, lb 


0.65 

0.75 

0.55 

0.90 

1.05 


No I8,BW0 


3 

4 

5 

0.34 

0.42 

0.50 

1 

.37 

.46 

.55 


6 

0.57 

E 

.63 

0.85 

7 

0.65 

0 

.70 

0.90 

8 

0.73 

0 

.81 

1.05 

9 

0.82 

0 

.91 

1.18 

to 

0.90 

■Kia 

1.30 

II 

0.95 


.06 1 

1.40 



No 14, B W O 


1.15 



Note.—Straight-aeun riveted idpe ia obtainable in form of punched and formed abeeta, at Uat 
prleea froai 7 to 8.fif per lb blaek and 10 to 13f per lb galvaaiaed, depending on thiokaeBS of metal. 

Table 7. Spiral-riTstsd Pip« (Approx bursting strength, lb per sq in) 


Thiekneaa, V S Standard Gaga 
inside - -- — - -— 

diftlDa 

la 16 16 14 12 10 


Thiekneaa, U 8 Standard Gage 




Pipoa are teated at approx one third of the bunting preaaura. 

Table 8. C-I Water Pipe, Standard Weight 



10 12 14 16 18 20 24 50 36 


V* Vt Vs y% VH •/W V4 

17 22 55 42 60 75 117 
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Tabl« f. Wirottclit^oa or Stoo^^oldod Stooai, <^bb, and Water Ptpo 


I ia and bdow, proved to 300 lb p«r so in, bydraulie praw; 1V 4 in and abort, proved to 500 lb 


Nom¬ 

inal 

inride 

diam, 

in 

Actual 

inride 

diam, 

in 

Actual 

out¬ 

ride 

diam, 

in 


Length 
per 
eq ft 
inride 
•urf, ft 

Length 
per 
eq ft 
outride 
eurf, ft 

In- 

rida 

sec 

area, 
sq in 

Out- 
rida 
aeo 
area, 
sq in 

Length 

eon- 

teining 

1 eu ft, 
ft 

Nom¬ 

inal 

wt 

par ft, 
lb 

No of 
threads 
per in 
ai 

screw 

Con¬ 
tents 
of 1 ft 
length, 
gal 

List 
price 
per 
Hmot 
ft, 8 


0.27 

0.40 

0.07 

14 15 

9.44 

0.06 

0.12 

tM 

0.24 

27 


0.002 

e.osiy^ 


0..36 

0.54 

0.08 

10.50 

7.07 

0.10 

0.22 

it^ 


18 


0.002 

0.06 

*/8 

0.49 

0.67 

0.09 

7.67 

5.65 

BmT 

0.35 

ran 


18 


0.005 

0.06 

Vs 

0.62 

0.04 

0.10 

6.13 

4.50 

BVii 

0.55 

472.4 

0.84 

14 


0.010 

0.085 

*/4 

0.82 

1.05 

0.11 

4.63 

3.63 


0.86 

270.0 

1.12 

14 


0.023 

0.115 

1 

1.04 

1.31 

0.13 

3.67 

2.90 

0.86 

1.35 

166.9 

1.67 

II 

Vs 

0.040 

0.17 

11/4 

1.38 

1.66 

0.14 

2.76 

2.30 

1.49 

3.16 

96.25 

2.24 

II 

Vs 

0.063 

0.23 

I Vs 

1.61 

1.9 

0.14 

2.37 

2.01 

2.03 

2.83 

70.65 

2.68 

II 

Vs 

0.091 

0.271/g 

2 


2.37 

0.15 

1.84 

1.61 

3.35 

4.43 

42.36 

3.61 

11 

Vs 

0.163 

0.37 

2 Vs 

2.46 

2.87 

0.20 

1.54 

1.32 

4,78 

6.49 

30.11 

5.74 

8 

0.255 

O.SSVl 

3 

3.06 

3.5 

0.21 

1.24 

1.09 

7.38 

9.62 

19.49 

7.54 

8 


0.367 

0.765 

3 Vs 

3.56 

4.0 

0.22 

1.07 

0.95 

9.83 

12.56 

14.56 

9.00 

8 


0.500 

0.92 

4 


4.5 

0.23 

0.94 

0.84 

12.73 

15.90 

11.31 

10.66 

8 


0.652 

1.09 

4 Vs 

4.50 


0.24 

0.84 

0.76 

15.93 

19.63 

9.03 

12.34 

8 


0.826 

1.27 

5 

5.04 

5.56 

0.25 

0.75 

0.62 

19.99 

24.29 

7.20 

14.50 

8 


1.02 

1.48 

6 


6.62 

0.28 

0.63 

0.57 

28.88 

34.47 

4.98 

18.76 

8 


1.46 

1.92 

7 

7.02 

7.62 

ESH 

0.54 

0.50 

38.73 

45.66 

3.72 

23.27 

8 



2.38 

8 

7.98 

8.62 

0.32 

0.47 

0.44 

50.03 

58.42 

2.88 

28.18 

8 


2.61 

2.88 

9 


9.68 

0.34 

0.42 


63.63 

73.71 

2.26 

33.70 

8 


3.30 

3.55 

10 

10.01 

10.75 

0.36 

0.38 

0.35 

78.83 

90.79 

1.80 

40.06 

8 


4.08 

4.12 

11 

11 

11.75 

0.37 

0.34 

0.32 

95.03 

108.43 

1.50 

45.0 

8 


4.93 

4.65 

12 

12 

12.75 

0.37 

0.32 

0.30 

113.09 

127.67 

1.27 

49.0 

8 


5.87 

5.07 

13 

13.25 

14.0 

0.37 

0.29 

0.27 

137.88 

153.94 

L04 

54.0 

8 


6.89 


14 

14.25 

15.0 

0.37 

0 27 

0.25 

159.48 

176.71 

0.90 

58.0 

8 


8.00 



Tablo 10. Extra Strong and Double Extra Strong W-I or Stool Welded Pipe 


Extra Strong Steam, Gaa, and Water Pipe 


Double Extra Strang Steam, Gae, and Water Pipe 


Sise, 

in 

Actual 

outride 

diam, 

in 

Nom¬ 

inal 

inside 

diam, 

in 

Thick- 

nesB, 

in 

Nom¬ 
inal 
wt per 
ft, lb 

Price 
per 
ft. $ 

Sixe, 

in 

Actual 

outride 

diam, 

in 

Nom¬ 

inal 

inside 

diam, 

in 

Thick- 

nees, 

in 

Nom¬ 
inal 
wt per 
ft. lb 

Priee 
par 
ft. 8 

Va 

0.405 

wwnn 

0.100 

0.29 

0. II 

Vs 

0.84 

0.244 

0.298 

1.70 

M 

V4 

0.540 

ityt! 1 

0.123 

0.54 

O.ll 

V4 

1.05 

0.422 

0.314 

2.44 

119 

*/8 

0.675 

iUtT ■ 

0.127 

0.74 

0. II 

1 

1.315 

0.587 

0.364 

3.65 

119 

Vs 

0.840 

mKt m 

0.149 

1.09 

0.12 

IV4 

1.66 

0.885 

0.388 

5.20 


*/4 

1.05 

0.736 

0.157 

1.39 

0. IS 

1 Vi 

1.90 

1.086 

0.406 

6.40 

0.65 

t 

f.3l5 

0.951 

0. 162 

2.17 

0.22 

2 

2.375 

1.49? 

0.442 

9.02 

0.91 

1 V4 

1 66 

1.272 

0.194 

3.00 

0.30 

2 Vs 

2.875 

1.775 

0.560 

13.68 

1.37 

1 Vs 

1.90 

1.494 

0.203 

3.63 

0.36 

3 

3.50 

2.284 


18.56 

1.86 

2 

2.375 

1.933 

9.221 

5.02 

0.50 

3 Vs 

4.00 

2.716 

0.642 

22.75 

2.30 

2 Vs 

2.875 

2.315 

0.280 

7.67 

0.81 

4 

4.50 

3.136 

0.682 

27.48 

2.76 

3 

3.500 

2.892 

0.304 

10.25 

1.05 

41/8 

5.00 

3.564 

0.718 

32.53 

3.26 

3 Vs 

4.000 

3.358 

0.321 

12.47 

1.33 

5 

5.563 



38.12 

3.86 

4 ■■ 

4.500 

3.818 

0.341 

14.97 

1.50 

6 

6.625 

4.875 

0.875 

53.11 

5.32 

4 Vs 


4.280 

0.360 

18.22 

1.95 

7 

7.625 

5.875 

0.875 

62.38 

6.35 

5 

5.563 

4.813 

0.373 

20.54 

2.16 

8 

8.625 

6.875 

0.875 

71.62 

7.25 

8 

6.625 

5.750 

0.437 

28.58 

2.90 







7 

7.625 

6.625 

0.500 

37.67 


HHM 






8 

6.625 

7.625 

0.500 

43.00 

4.30 1 





. 



E^ra atrong and douUe extra atrong wiD be ahippad in random Intg^ and p^ en^ nnlaaa 
otherwiae ordorU. Por pipe fitted with threade and ooupiinga, extra diarw wdl te made al^ 
regular. For out lengtha, extra charge will be made above random. For gdvamaed or aaphaltod, 
extra charge will te nMC above bdaok. 


Wwi^te given are etandard, but can be chdoged when pipe ie made to order. Coated 
and out, and teeted 800 lb per aq in, hydroetatio prein. Made in 12-ft le ngt h a , 

440 Imagthe per mile. _ . . . ^ j # 

0ge at welded joints, instead ed aorawed or flanged lomte. la rapidly giritoi i g favor. 
aqtadaB^ior high pieasura and high temperature piping. Partioulara otmoatniag welded 


























































41*16 MECHANICAL ENGINEEBING MISCELLAN7 

joints mu) aooeptod oodes sovernint uw <rf plgfeg of vuioos typM Mid swterida will be 
found in Kent's Meobaaioal Engineer’s Handl^k, Vol II, Power, 1936. 


8. PIPE FITTINGS AND COVERINGS 


Table 11. C>I flanged Fittings (American Standard). For 125 lb working press 



Biaa of run.in 

In 

2 

2 Vs 

3 

31/2 

4 

41/2 


6 

7 





All reducing fittinga, 2 in to 9 in, ineluaive, have aazne dimanaiona aa 






atraigfat fittinga, oenter to faoa 




' . 

Faw to fsM. 

AA 

9 

10 

II 

12 

13 

14 

15 

16 

17 

18 

20 

Cantar to faoa.. 

A 

4V» 

5 

51/2 

6 

61/2 

7 

71/2 

8 

8 Vs 9 

10 

Canter to faoa of 45* alia.. 

C 

21/* 

3 

3 

3V8 

4 

4 

41/1 

5 

51/* 

51/2 

6 

Canter to baa4 of baaa alb 

B 

5 

5 Vi 

58/4 

61/4 

6 Vs 

68/4 

3 


7V* 

81/4 

88/4 

9 Vs 



6 

7 

21/* 

81/2 

9 

91/4 

10 

II 

121/* 

131/2 

15 

Ibioknaea flangaa. 


S/s 

»Vw 

8/4 

18/16 

18/16 

16/16 

18/16 

1 

11/16 

1V8 

11/8 

Sea of run. 

In 

10 

12 

14 


15 


. 18 


T— 

7 and 

9 and 

10 and 



10 and 

12 and 

UUUEtfte aaeaa>a.«aeee->< 


larger 

larger 

larger 



larger 

larger 

Faoa to faea. 

AA 

22 

24 


28 



29 


30 

Cantar to faea. 

A 

H 

12 


14 



141/2 

15 

Canter to face of 45* alle.. 

C 

flVs 


71/2 


71/2 



8 


1 


Cantar to baaa of baaa alle 

B 

10 

101/2 


13 V* 



14 


148/4 

dam dangaa. . .. 


16 

19 


21 



221/4 

23 Vs 

Thiekneaa flangaa. 

. 

is/is 


11/4 


18/8 



18/8 

17/16 


Tees having outlets larger than the run have same length center to face all openings 
as a tee witii all openings of same sise as outlet. 


Table U. Prices of Standard C-I Fittings 


EBse.. 


.. .in 

1/4 

8/8 

1/2 

8/4 

1 

11/4 

11/2 


21/2 

3 

31/2 

4 

Elbom, R H. 

.each 

rm 

0.05 




0.16 

rm 



EES 

h05 

1.20 

88 

RandL.. 


Dlij 

0.06 



0.12 

0.18 

ESQ 

ESI 


0.85 

1.20 

1.50 

•« 

LH . 

88 

0.06 

0.06 



niFM 

0.18 

0.23 

ESI 

EHiil 

wirn 



•i 

raduaing. 

SI 

■m 

0.06 



0.12 

0.18 

0.23 

0.32 

0.60 


1.20 

1.40 

84 

plfcnhdifl. . 

88 

HM 



0.10 

0.13 

0.20 

0.25 

0,35 

0.6S 

1.00 

1.30 

1.90 

• 1 

with aide 


nnn 














SI 

HHH 


ran 

0.24 


0.48 


0.84 

1.50 

2.25 

3.15 

3.60 

45* elbows. 

81 

i«i] 

0.06 

1*^ 

HQ 


0.19 

ESq 

0.34 

nn 

0.90 

1.25 

1.45 


Sbe... 


.in 


41/2 

, 5 

6 

D 

n 

g 

10 

12 

14 

15 

1.75 

2.25 
2.00 

5.25 
2.20 

2.00 

2.40 

2.30 

6.00 

2.50 

2.75 
3.40 
3.15 

8.25 

3.45 

4.70 

6.75 


13.50 

20.00 

57.00 

70.00 

5.40 

14.00 

5,90 

7.75 

20;00 

.8.50 

10.50 

26.00 

11.25 

15.50 

40.00 

17.00 

23.00 

60.00 

25.00 

63.00 

77.00 

«.« 

6|.0» 


Blbowt, R Hm .eadi 

" RandL. “ 

** radudns...., " 

“ withaida 

, OuUa*. “ 

.-j: 














































































PIPE FITTINGS AND GOYBRINGS 41-17 


TftbU IS. Price# lSO-lb*C*I Fittinge 


Siee. .in 

*/4 

1 

IV4 

IVs 

2 

avt 

5 

Elbows. 

.50 

Mm 

.45 

.60 


1.25 

2.00 

redudng*.. 

.40 

MSi 

.55 

.75 

MU 

1.55 

2.30 

•• 45*. 

.40 

Kl 

.55 

.70 



2.50 

Tees. 

.45 


.70 

.90 

■HTl 


3.00 

“ redudns... 


Hi 

.90 

1.15 

no 

2.25 

3.75 

a 

3Vj 

n 

5 

6 

8 

10 

12 

Elbows. 

2.75 

3,50 

5.50 

8.00 

17.00 

28.00 

40.00 

" redudns. 

5.40 

4.40 

6.80 

10.00 

21.00 

35.00 

KTiWimS 

45". 

3.50 

4.50 

6.75 

mSa 

21.00 

34.00 

..48.00 

Tees. 

4.25 

5.50 

8.25 


25.00 

42.00 


** redudns. 

5.50 

6.85 

10.25 


31 00 

52.00 

75.00 


»/4 

I 

1 V4 

11/8 

2 

2Vl 

3 

Crosees. 

.65 

.70 

.90 

1.20 

1.50 

2.50 

4.00 

Flensed unions, screwed. 

.70 

.80 

1.00 

1.15 

1.50 

1.90 

2.25 

Pluss. 

.05 

.04 

.05 

.07 

.10 

. 18 

.25 


3 Vs 

4 

5 

6 

8 

10 

12 

Crosses. 

5.50 

. 7.00 


16.00 

34.00 



Flensed unions, screwed. 

2.70 

3.15 

Inm 

6.00 

10.50 



Plugs, nquere heed. 

.30 

.42 

Kl 

1.20 

2.75 

3.75 

5.00 


Table 14. C-I Fittingi. Standard and low-press flanged valves, flanged fittings and 

flanges, suitable for 126 lb working press 


Si Be, 
in 

Diam 

of 

fiangeBt 

in 

Bolt 

drele, 

in 

Num¬ 

ber 

bolts 

Sise, 

bolts, 

in 

Lensth 
bolts for 
stend- 
erd,in 

Sise, 

in 

Diam 

of 

flanaes, 

in 

Bolt 

drole, 

in 

Num¬ 

ber 

bolts 

Sise 

bolts, 

. in 

Length 
bolts for 
stend- 
erd. in 

1 


ill 


7/16 

11/8 

la 

16 

141/4 

12 

7/8 

38/4 

IV4 




7/16 

H/8 

19 

19 

17 

12 

7/8 

38/4 

1 Va 

5 

mSiA 

4 

1/8 

18/4 

Kl 

21 

188/4 

12 

I 

61/4 

2 

6 

4*/4 

4 

6/8 

2 

15 

221/4 

20 

16 

1 

41/4 

2V8 

7 

51/8 

4 

6/8 

21/4 

16 

231/8 

211/4 

16 

1 

6V4 

3 - 

71/1 

6 

4 

6/8 

21/8 

18 

25 

228/4 

16 

11/8 

48/4 

3V« 

81/8 

7 

4 

6/8 

21/8 

20 

271/8 

25 

20 

11/8 

5 

4 

9 

71/8 


8/4 

28/4 

22 

291/8 

271/4 

20 

11/4 

51/8 

41/8 

91/4 

7«/4 

8 

8/4 

3 

24 

32 

29 V8 

20 

11/4 

5 Vs 

5 

10 

81/8 

8 

8/4 

3 

26 

341/4 

318/4 

24 

11/4 

58/4 

6 

11 

91/8 

8 

8/4 

3 

Kl 

361/8 

34 


11/4 

6 

7 

>2Vf 

108/4 


8/4 

31/4 


388/4 

36 

28 

18/8 

61/4 

8 

131/8 

II 1/4 

8 

8/4 

31/8 

36 

458/4 

428/4 

32 

18/8 

61/8 

9 

15 

131/4 

12 

8/4 







* 


Table 16. Prices of Standard Flanged Fittings 


Elbows 


Tees 


in 

Center 

to 

feee, 

in 

dem 

of 

Hanses, 

in 

With 

flenses 

feo^ 

With 
flenses 
faced end 
dialed 

Center 

to 

f»et, 

in 

Face 

to 

facet 

in 

Diem 

of 

flenses, 

in 

With 

flenses 

feoed 

With 
flenses 
feoed end 
drilled 

2 

41/8 

6 

mSM 

83.60 

41/8 

9 

6 

84.35 

85.25 

21/8 

5 

7 

mam 

3JS 

5 

10 

7 

4.55 

5.45 

3 

51/8 

7 Vs 


4.15 

51/8 

II 

71/8 

5.00 

6.00 

31/s 

6 

8 Vs 

4.05 

4.90 

6 

12 

81/8 

5.85 

7.10, 

4 

08/8 

9 

4.50 

5.50 

61/8 

IS 

9 

6.50 

8.00 

5 


10 

6.25 

7.25 

71/8 

15 

!0 

9.10 

10.60 

6 

8 

II 

7.60 

8.90 

8 

16 

II 

11.10 

12.95 

8 

9 

131/8 

12.00 

13.60 

9 

18 

13 Vi 

17.40 

19.80 

10 

II 

16 

19.00 

21.70 

11 

22 

16 

27.50 

31.50 

12 

12 

19 

28.00 

31.00 

12 

24 

19 

40.50 

45.00 










































































































41-18 MECHANICAL 8NGINEEBING MISCELLAI^ 


XiaMFil wool priom (net) per ton in 
1039: 



Car-load 

lots 

Less than 
car-load lots 

Loose. 

Granulated 

$47.00 

63.00 

$53.00 

69.00 


Tonperatare limit, 1(XX)‘ F. Mineral agool ie 
alio made in blanket form, felted between metal 
fabric, aebestoe paper or o^w materials. Mixed 
with various binders, it is in form of blodks, or 
special shapes to suit requirements. 


TaUe 17. 
Block Covering 


Block covering for boilers, drums, sad tanks, made with wire 
netting, smooth cement finish: 1.5 in thick, 0.90ii per sq ft; 2 in 
thick, 1.20^ per sq ft. 

Eairfelt. Per sq ft: 0.6 in, 4.76^; 0.75 in, 6.76ii; lin, 6.5^; 
lA in, 10^; 2 in. 13(i. 


Thick¬ 
ness, in 

Priee, 

sqft 

Vl 

0.54 

»/4 

0.54 

Vs 

0.54 

1 

O.M 

iVs 

0.68 

«V4 

0.76 

l>/8 

0.84 

IVs 

0.90 

IVs 

0.98 

13/4 

1.06 

17/8 

1.14 

2 

1.20 

21/8 

1.28 

21/4 

1.36 

23/8 

1.44 

21/2 

1.50 

23/8 

1.58 

23/4 

1,66 

27/8 

1.74 

3 

1.80 

31/4 

1.96 

31/S 

2.10 

38/4 

2.26 

4 

2.40 


Any thieknan 
made to order. 


TaUe 14. Pipe Covering 


Inside 
diam 
of pipe, 
in 

Price per 
Hnear foot, 
oanvas 
jacketed 

Sise of 
fittings, 
in 

Elbows 

Tees 

Creases 

Globe 

valves 

l/S 

$0.22 

Vs 

$0.30 

$0.36 

$0.48 

$0.54 

V4 

0.24 

V4 

0.30 

0.36 

0.48 

0.54 

1 

0.27 

1 

0.30 

0.36 

0.48 

0.54 

IV4 

0.30 

11/4 

0.30 

0.36 

0.48 

0.54 

IVs 

0.33 

ll/S 

0.30 

0.36 

0.48 

0.54 

2 

0.36 

2 

0.36 

0.42 

0.54 

0.60 

2 Vs 

0.40 

2 Vs 

0.42 

0.48 

0.60 

0.78 

3 

0.45 

3 

0.48 

0.54 

0.70 

0.96 

3 Vs 

0.50 

31/2 

0.54 

0.60 

0.80 

1.20 

4 

0.60 

4 

0.60 

0.75 

0.95 

1.50 

41/2 

0.65 

4 Vs 

0.72 

0.90 

1.10 

1.85 

5 

.0.70 

5 

0.90 

1.20 

1.50 

2.25 

6 

0.80 

6 

1.30 

1.60 

2.00 

2.80 

7 

1.00 

7 

1.80 

2.20 

2.80 

3.60 

8 

I.IO 

8 

2.40 

3.00 

3.60 

4.40 

9 

1.20 

9 

3.00 

3.80 

4.40 

5.30 

10 

12 

1.30 

1.85 

10 

3.60 

4.60 

5.20 

6.20 

14 

2.10 







Table lA Fittings for Light Weight PlpSi with standard flanges attached. No 10 gage 

thickness (0.1406 in) 


Center to face dimeneione are eame as 125-16 American Standard C-I fittings 


Nom- 

90* elbows 


90” long rod elbows 

45” elbows 



Tees 

' 

inal 

indde 

dhun, 

in 

Black 

Galvan¬ 

ised 

Ap- 

l^ox 

wt, 

lb 

Blftok 

: 

Grivan- 

ised 

Ap¬ 

prox 

wt, 

lb 

Black 

m 

Ap¬ 

prox 

wt, 

lb 

Black 

Galvan¬ 

ised 

Ap¬ 

prox 

wt, 

ib 

3 

4 

5 

H 

16.80 

9.00 

10.60 

11.90 

8 

12 

18 

mm 


. 

16.00 

8.00 

9.00 

$6.80 

9.00 

10.60 

i 

88.70 

10.10 

11.80 

810.90 

13.00 

14.60 

IS 

19 

27 

4 

25 

$13.50 

$15.90 

30 

10.00 

10.90 


in 

16.00 

37 

1 


IS. 80 

33 

18.00 

USl 

43 

13.00 

15.80 

25 



46 

iO 

20.00 

24.00 

53 

26.00 


67 

20.00 

24.00 

41 



79 

. n 

24.00 

29.00 

65 

33.00 

39.20 

87 

24.00 

29.00 

51 

29.00 

35.00 

97 

14 

uSS 

39.00 

90 

43.00 

52.00 

119 

32.00 

39.00 

67 

41.00 

50.00 

131 

46 


54.00 

124 

55.00 


160 

44.00 

54.00 

95 

71.00 

86:00 

185 

18 

79.00 

97.00 

148 

90.06 

110.00 

194 

61.00 

75.00 

1)2 

97.00 

118.00 

222 

, JO 


108.00 

168 


125.00 

224 

70.00 

85,00 

125 

108.00 

130.00 

252 


106.00 

125.00 

215 

115.00 


280 

80.00 

98.00 

158 

125.00' 

150.00 

522 


>420.00 

145.00 

263 

135.00 

160.00 

337 

90.00 

l!0 00 

195 

142.00 

171.00 

395 



















































‘WIRE GAGEBf BOUTS, RIVETS, SPIKES 41-19 


9. WIRB GAGES, BOLTS, RIVETS, SPIKES 

TaUa 19. Sag* Standarda Used in United State* 


No of 

gaae 

Amee* 
lean or 
Brown d; 
Sharpe 

Bir¬ 

mingham 

or 

Stubba 

Waah- 
bum ft 
Moan 
MfgCo 

Imperial 

Wire 

gage 

Stubba 

ateal 

win 

aage 

U S Stand 
for aheeta 
and plate 

Approx 
tfaiokneaa. 
fraoUona 
of in 

Wtper 
aq ft, 
lb 

0000000 




ipppm 


0 50 



000000 






n AAII7C 

1S/m 


00000 

■illiliil 

IHIIIIliB 




0 4575 

TZib 

19 CA 


0.46 

0.454 

0.3938 



0140625 

VIP 

i»/a 

16.25 

000 

0.40964 

0.425 

0.3625 



0.375 

*/8 

>5.0 

00 

0.3648 

0.38 

0.3310 



0.34375 


13.75 

0 

0.32486 

0.34 

0.3065 

0.324 


0.3125 

b/m 

12.50 

1 

0.2893 

0.3 

0.2830 


0.227 

0.28125 

>/si 

11.25 

2 

0.25763 

0.284 

0.2625 

0.276 

IITI 

0.265625 

”/l6 

10.625 

3 

0.22942 

0.259 

0.2437 

0.252 

III 1 

0.25 

V4 

10.0 

4 

0.20431 

0.238 

0.2253 

0.232 


0.234375 

U/64 

9.375 

5 

0.18194 

- 0.22 


0.212 

0.204 

0.21875 

Va 

8.75 

6 

0.16202 

0.203 

0.1920 

0.192 

0.201 

0.203125 

n/M 

8.125 

7 

0.14428 

0.18 

0.1770 

0.176 

0.199 

0.1875 

>/M 

7.5 

8 

0.12849 

0.165 

0.1620 

0.160 

0.197 

0.171875 


6.875 

9 

0.11443 

0.148 

0.1483 

0.144 

0.194 

0.15625 

Va 

6.25 

10 

0.10189 

0.134 

0.1350 

0.128 

0.191 

0.140625 

•/m 

5.625 

tl 

0.090742 

0.12 

0.1205 

0.116 

0.188 

0.125 

1/8 

5.0 

12 

0.080808 

0.109 

0.1055 

0.104 

0.185 

0.109375 

7/m 

4.375 

13 

0.071961 

0.095 

0.0915 

0.092 

0.182 

0.09375 

s/38 

3.75 

14 

0.064084 

0.083 

0.0800 

0.080 

0.180 

0.078125 

Vm 

3.125 

15 

0.057068 

0.072 


0.072 

0.178 

0.0703125 

•/U8 

2.8125 

16 

0.05082 

0.065 


0.064 

0.175 

0.0625 

Vu 

2.5 

17 

0.045257 

0.058 


0.056 

0.172 

0.05625 

Vm 

2.25 

18 

0.040303 

0.049 


0.048 

0.168 

0.05 

l/io 

2.0 

19 

0.03589 

0.042 

0.0410 

0.040 

0.164 

0.04375 

7/iM 

1.75 

20 

0.03IHI 

0.035 

0.0348 

0.036 

0.161 

0.0375 

s/w 

1.50 

21 

0.028462 

0.032 

0.03175 

0.032 

0.157 

0.034375 

11/810 

1.375 

22 

0.025347 

0.028 

0.0286 

0.028 

0.155 

0.03125 

Va 

1.25 

23 

0.022571 

0.025 

0.0258 

0.024 

0.153 

0.028125 

9/880 

1.125 

24 

0.0201 

0.022 

0.0230 

0.022 

0.151 

0.025 

1/40 

1.0 

25 

0.0179 

0.02 

0.0204 

0.020 

0.148 

0.021875 

Vm 

0.875 

26 

0.01594 

0.018 

0.0181 

0.018 

O'. 146 

0.01875 

9/100 

0.75 

27 

0.014195 

0.016 

0.0173 

0.0164 

0.143 

0.0171875 

1V440 

0.6875 

28 

0.012641 

0.014 

0.0162 

0.0149 

0.139 

0.015625 

Vm 

0.625 

29 

0.011257 

0.013 

0.0150 

0.0136 

0.134 

0.»140625 

9/mo 

0.5625 

30 

0.010025 

0.012 

0.0140 

0.0124 

0.127 

0.0125 

1/m 

0.5 . 

31 

0.008928 

0.01 

0.0132 

0.0116 

0.120 

0.0109375 

7/040 

0.4375 

32 

0.00795 

0.009 

0,0128 

0.0108 

0.115 

0.01015625 

U/1S80 

0.40625 

33 

0.00708 

0.008 

0.0118 

0.0100 

0.112 

0.009375 

s/ao 

0.375 

34 

0.006304 

0.007 

0.0104 

0.0092 

0.110 

0.00859375 

ll/MM 

0.34375 

35 

0.005614 

0.005 

0.0095 

0.0084 

0.108 

0.0078125 

s/eio 

0.3125 

36 

0.005 

0.004 

0,0090 

0.0076 

0.106 

0.00703125 

9/18N 

0.28125 

37 

0.004453 



0.0068 

0.103 

0.006640625 

17/S6M 

0.265625 

38 

0.003965 



0.0060 

0.101 

0.00625 

1/160 

0.25 


Table SO. Track Bolto (U 8 Stwdard Hexagon Nuts) 


Rai]a,lb 
pet yd 

Bolta 

No in 
keg, 200 lb 
(with nuta) 

Keni 
per mile 

Rai]a.lb 
per yd 

Bdta 

No in 
keg, 200 lb 
(with nuta) 

Kega 

per mila 


r 

S/iX 41/4 

230 

6.3 

mm 

VsX 3V8 

375 

4.0 


1 

9/4X4 

240 

6.0 


8/8X3 

410 

3.7 

AC AC . 

1 

V4 X 38/4 

254 

5.7 


8/8 X 28/4 

435 

3.3 

O lO 

1 

ViX 3Vs 

260 

5.5 

mu 

8/8 X 21/8 

465 

3.1 


f 

V4X 31/4 

266 

5.4 


1/1X3 

715 

2 


L 

9/4X3 

283 

5.1 


1/8 X 21/8 

760 

2 







Vox 2V4 

800 

2 







V8X2 

820 

2 


Hole. —Fw taUee of B R aiukae, and out and win naOa and apilMiit bm See. 11, Table 8, and 
8ee48.Taldel4. 
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Tabto il. ComifAtod Iron or Stool PUtoo 


Wt, lb p«r 100 iq ft (Amor Sheet end Tin Plate Co) 


Comigetiona 

•/sin 

IV4X»/8in 

2 X Vs in 

2 Vs X Vs in 

5X>/4ia 

5 X 7/4 in 

USStendaud 

1 

Is 

1 


1 

Is 

1 

a 

1 

Is 

1 

Is 

sheet metal 

a 




a 

Is 

a 

P s 

Q 

Is 

1 

Is 


'a 

■a a 


a ^ 

'3 

^ *13 



‘3 

• 3.9 

■J ‘ 

*3 .a 

gage 

£ 

o 

(5 

o 


o 

Pd 


P4 

0 

£ 

0 

2S 

72 

87 

72 

87 

■1 

85 

68 

85 

68 

85 

Wm 

85 

27 

79 i 

94 

79 

94 


91 1 

76 

91 

76 

91 


91 

26 

KIl 

lOi 


101 

mSm 


83 

98 

83 

98 

■3 

'98 

25 

100 

115 

too 

IIS 


111 

96 

III 

96 

111 

mm 

III 

24 

114 

129 

114 

129 

no 


no 

124 

no 

124 

no 

124 

25 



128 

145 

125 


123 

138 

123 

138 


138 

22 



142 

157 

156 

151 

136 

ist 

136 

151 


151 

21 



156 

171 

150 

165 

150 

165 

150 

165 

150 

165 

20 



170 

185 

165 

178 

165 

178 

163 

178 

163 

178 

18 





217 

232 

217 

232 

217 

232 

217 

232 

16 





271 

286 

271 

286 

271 

286 

271 

286 


Toblo tl. Sqnoro-hood Bolts, Wt in Lb per 100 (Hoopes & Townsend) 


Diam, in 

Vo 

7/16 

7/S 

»/ie 

6/8 

V4 

7/8 

n 

I Vo 

11/4 

18/8 

1 Vs 

18/4 

2 

Length 







m 



m 





I 1/a in 

9.7 

14.7 

20.4 



■7W1 









2 ■ 

48 

11,3 

16.5 

22.4 

vnr! 


63.2 

97.7 

145 







2 Vs 

40 

12.9 

18.5 

25.0 

52.2 

mi 


105.6 

153 


miB 





5 

46 

14.5 

EE 

27.8 

35.4 

48.3 

75.2 

113.8 

163 

240 

309 

■171 

400 



3 Vs 

40 

16.1 


30.6 

38 7 

52.5 

81.4 

122.0 

174 

253 

325 

370 

500 



4 ■ 

00 

17.7 

24.7 

33.4 

■TVn 

56.7 

87.6 

130.2 

185 

267 

342 

590 

520 

800 


• Vs 

40 

19.2 

26.8 

36.2 

Ktjtj 


93.8 

138.4 

196 

281 

359 

410 

545 

833 


5 

10 

Mi 

M 

m ‘ f 

Bijlj 

VMII 


146.6 

207 

295 

376 

430 

570 

866 

1 570 

SVs 

06 



m ' 




154.9 

218 

309 

394 

450 

595 

900 

1 414 

6 

00 

is 

it 

K ' 


73.4 

112.2 

163.2 

229 

323 

412 

470 

620 

934 

I 458 

61/^ 

00 

25.2 

35.2 

K 

58.5 

77.6 

118.3 

171.5 

240 

337 

430 

490 

645 

968 

1 502 

7 

SI 

26.7 

37.3 

r t 

■m 

81.8 

124.4 

179.8 

251 

351 

448 

510 

670 

1 002 

1 546 

7 Vs 

40 

28.2 

39,4 

K' i' 

65.1 



187.1 

262 

365 

466 

530 

895 

1 036 

1 590 

8 

IS 

29.7 

41.5 

56.0 


ET»Hi 


195.4 

273 

379 

484 

550 

725 

1 070 

1 654 

9 

00 

53.1 

45.7 

61.5 

75.2 


148.8 

212.0 

295 

407 

518 


775 

1 138 

1 722 

10 

14 

36.5 

49.9 




inKi 

229.0 

317 

435 

552 


825 

1 206 

1 810 

II 

• 4 

40.0 

54.1 

72.5 

88.7 

tip 

173.2 

246.0 

339 

463 

586 

Hi 

875 

1 274 

1 898 

l^ 

40 

43 5 

58.3 

uLEi 

E 2 

QF 

184.4 

263.0 

361 

491 

620 

710 

925 

1 342 

1 986 

13 

■ 0 




1 


196.6 

280.0 

383 

519 

655 


975 

1 410 

2 074 

14 

00 

... . 


89.0 

! V 

jft 


297.0 

405 

547 

690 

mm 

1 025 

1 478 

2 162 

15 

04 



94 5 

' mp 

Tjp 

ETTVu 

514.0 

427 

575 

725 


1 075 

1 548 

2 250 

16 

00 




' w 

np 

233.2 

351.0 

449 

603 

760 


1 125 

1 616 

2 558 

17 

44 



IRSI 

" |WJ 


245.4 

348.0 

471 

ill 

795 

919 

1 175 

1 684 

2 426 

18 

40 



MI.O 

' * ip 

?fft 

257.6 

365.0 

493 


830 

961 

1 225 

1 752 

2 514 

19 

44 



116.5 

^ ft 


269.8 

CiTlrn 

515 


865 

1 003 

1 275 

1 820 

2 602 

20 

00 

. a . . 

. . a a 

122.0 

■If 

3ft 

282.0 

399.0 

537 

715 

900 

1 045 

1 525 

1 888 

2 690 


Table S3. Lag Screws, Weights and Dimensioas 


Length. 

Diam, in (lb per 100) 

Length, 

Diam, in Gb per 100) 

in 

Vs 

7/18 

Vs 

6/8 

V4 

in 

i 

V8 

7/ie 

Vs 

6/8 

V4 

mm 

6.88 

7.50 





4Vs ! 
3 


19.50 

28.25 

42,62 

47.73 

67.88 

n.» 

16.88 1 




21.25 

38.57 

7i:57 

8.25 

12.62 

17 IS 



51/8 

6 


23.56 

33.88 

51.62 

79.37 

86.62 


9.25 

12.88 




18.82 

25.31 

35.57 

55.12 

9.62 

10.82 

II.M 

13.81 

15.28 

19.18 



7 

38.94 

61.88 

92.75 

16.62 

18.18 

El'UiiiH 

54.07 


g 



44,57 

68.75 

97.50 


35.88 


9 

HIIIIH 


77.00 

108.75 

18.88 

1 26.82 1 

39.25 

rffT-l 

10 

wmM 


■Will 

90.00 

124.75 
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Tabl* M. Watflit of RiToto and Roiuid>ho«d Bolts por 100, odtliout Hots 


Length 





Diam, in 




ttiwar 
head, ia 

Vs 

V* 

Vs 

V4 

Vs 

1 

M/s 

M/4 

1.25 

5.5 

■n 

22.0 

29.3 

43.9 

66.6 

93.3 

127 

1.5 

4.3 


24.1 

32.4 

48.2 

72.1 

100 

136 

1.75 


■ 9 

26.3 

35.5 

52.5 

77.7 

107 

145 

2 

■SI 

16.9 

28.5 

38.7 

56.7 

83.3 

114 

153 

2.25 

6.7 

18.3 

30.7 

41.8 

61.0 

88.8 

121 

162 

2.5 

9.4 

19.7 

32.8 

44.9 

65.2 

94.4 

128 

171 

2.75 

10.2 

21.1 

35.0 

48.0 

69.5 

100 

136 

179 

3 

11.0 

22.5 

37.2 

51.1 

73.7 

105 

143 

188 

3.25 

11.7 

23.9 

39.3 

54.3 

78.0 

111 

150 

197 

3.5 

12.6 

25.3 

41.5 

57.4 

82.3 

116 

157 

205 

3.75 

13.4 

26.7 

43.7 

60.5 

86.5 

122 

164 

214 

4 

14.1 

26.1 

45.9 

63.6 

90.8 

128 

170 

223 

4.25 

14.9 

29.4 

48.0 

66.7 

95.0 

134 

177 

231 

4.5 

15.7 

30.8 

50.2 

69.9 

99.3 

139 

185 

240 

4.75 

14.5 

32.2 

52.4 

73.0 

104 

145 

192 

249 

5 

17.2 

33.6 

54.5 

76.1 

108 

150 

199 

258 

5.25 

18.1 

35.0 

56.7 

79.2 

112 

156 

206 

266 

5.5 

18.8 

36.4 

58.9 

82.3 

116 

161 

213 

275 

5.75 

19.6 

37.8 

61.1 

85.5 

120 

166 

220 

284 

6 

20.4 

39.2 

63.2 

88 6 

124 

172 

227 

292 


10. SPRINGS 


Formulas relating to springs are based on torsion formulas, modified according to 
form of spring and cross-section of the wire or rod used. Following brief notes relate 
especially to springs of mine hoisting cages. 

Helical spring, of round wire, is shown in Hg 35; Fig 30 illustrates its action. A load, 
P lb, is attached by a cord to the rim of a pulley, of a diam D **> mean diam of the spring 
coils, and produces torsion in the rod. A line 
AB, originally straight, becomes a helix AC, 
length of rod being 2. Angle between AB and 
AC js the angle of shear and angle BOC » 8, 
la the angle of twist. For enuilibrium the ex¬ 
ternal and internal moments must be equal, 

hence (Fig 36) ^ ^ ^ i where Zp 

equals section modulus (Sec 43, Art 4) derived 
from the polar moment of inertia, and d equals 
diam of wire or rod. From the equation, the 
load P which the spring will carry can be de¬ 
termined for any given fiber stress /« by trans- 

position, P -—■ = ■ /, — rr-=/t, all dimensions being in inches. The length of a 

M D lo A 

of tlie spring is generally taken as irD; accurately, it is V{tD)* + P*. 



Fig 35. Heli¬ 
cal Spring 


Fig 36 


coil 


_ _ __ „ ^_______ , . . On applying the 

load, the rod is twisted through an angle or through a length of arc measured on the 
circumference of D 8, which is the moment of the weight P. If the distance from B 
to C measured on the rod droumference * z, then 


s 

T 


Shear streu 


0 


Modulus of rigidity 

Angle ^ + 2 and angle d"«a!4-ror2* + d; hence, 2/, 4- Od, and i PW 

2f,l + Gd. Since /, » 16 Pfi 4- d*. 5 - 32 PR* I + Od*, which gives the deflection of 
the spring, where 2 » 2 rRn, if n - the number of complete coils. The resihenee - 0.5 

PS, providing the spring is not too open. , . i 

For rectai^ar wire or rod, the max stress occurs at centers of the longer sides. If 0 • 

thickness and k » width of section of wire, 

Vh* j _ W 


3(6» + ft*) ’ 


3Vft» ft* 
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.. . , « /• W , . 8PJB*I_6* + ** 

Foltowins ibm ime lalyrii. f ^ ^ ^ “S^* 

For wiro of aquare wetkHi, h •• h. Ip b* + 6, and Fp » b* -f* 3\/2> 

Flat aplral apring (Fig 87). In tw the oenter la faatened to an arbor, the other end 

being attached to the frazne- 
worlE The formulae are 
correct if the qjring winda 
uniformly and the centw re« 
maina the oenter of gravity. 
If the load ia apidied at B, 
the greateat bending atreaa 
mi^ occur at a pcwt din- 
metrioally oppoaite A, or at 
the apindle if the curvature 
la great. For the first condi¬ 
tion the external moment» 
PX2R and f •• 2 Pr Z ml2 PB + bA*; in the aeoond oaae, / •- 6 PB bA*. The 
load ia P « /bA* 12 JB (first oaae), or /bA* 4- 6 A (aeoond oaae). 

From the theory of the daatio ourve, the angle of defieotion /9 ~ PRI El, and 
»m fiBm PR* I + El m 12 PA* I + AbA*, and reaUienoe « 0.5 PA* 2 + A7, and / - bA* 
+ 12 . 

Round and flat helical aprings (Fig 88). For a spring subjected to a force P, tending 
to twist the spring at a radius A, the load PA /8 » /«d* + 32 for the droular section, 
and PA « /bA* + 6 for the square section; also 5 ■■ 64 PJP I + Ed* for circular section, 
8 12 PA* I + AbA* for square section; the reailienoe being determined as above. 



Fig 87. Flat 
Spiral Spring 




Fig 88. Round and Flat Helioal 
Springi 
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ELECTRICAL ENGINEERING 


1. DSFinmONS, UlflTS, JJXD STAnDABDS 

PotontUd (J? or F), or oirrsBUNca in poraimAb between two pointa,*is theoretically 
tlw work required to move a unit quantity of electricity from one point to tiie other. 
It ia analogous to difference in preasure, or head, of a current of water. The practical 
unit ia the (International) voi/r, or electrical preaaure which, when ateadUy applied to a 
conductor, ^e resiatanoe of which ia 1 ohm, will produce a current of 1 ampere. Difference 
of potent!^ ia measured in practice by a voiambtss (Art 4). For comj>ariaon and cali¬ 
bration the Weston Normal Cell ia used, the electromotive force (e m f) of which is 1.0183 
volt at 20° C. These cells are calibrated by Bureau of Standards, Washington. A 
millivolt ia 0.001 volt. 

Current (7) expreasea the quantity of electricity flowing past a given point in 1 see; 
it is analogous to gal per sec of a current of water, or to the miner’s inch. The practical 
unit ia the (International) amperi!, or the imvarying electric current which, when passed 
through a solution of AgNOs in water, in accordance with standm-dised specifications, 
deposits tilver at the rate of 0.001118 gm per sec. Current is measured by an ammstbb 
(Alt 4). A milliampere is 0.001 ampere. Dibbct cubrbnt (d o) is ofiBcially one which 
^waya has the same direction, though it may pulsate in value; but the term ia popularly 
applied to a unidirectional current of constant value, officially called a continooub oxtb- 
BENT (o c). Autbbnatiko oubbbnt (a c) is one which changes its direction and amount 
in regularty recurring jwriods. . 

Resistance {B) in an electric circuit ia similar to friction in mechanics. It is the 
property by which a circuit limits the aipount of current caused by a ^eady voltage. 
The (International) ohm is the practical unit of resistance, and is the resistance offe^ 
to an unvarying electric current by a column of mercury, at temp of melting ice, which 
is 14.4521 gm in mass, of constant cross-sec and a length of 106.3 cm. Reristance is 
usually determined by computing the ratio between volts and amperes in a circuit accord¬ 
ing to Ohm's law (Art 2). 

Power unit is the watt or kilowatt (kw). A watt equals 10 million units of power in 
the oentimeter-gram-second [^stem, and in practice equals the product of 1 volt by 1 
ampere, or is the rate of expenditure of energy by 1 ampere in a circuit of 1 ohm. A 
KILOWATT is 1 000 watts; a horseiwwer (US) — 746 watts. 

Energy. The theoretical unit is the joule, which is 10 million ergs; in practice, equal 
to 1 watt times 1 aec. Commercial unit ia the kilowatt-hour (kw-hr), equal to 3 600 000 
joules. A circuit taking 10 amperes at 100 volts receives 1 kw of power, or 1 kw-hr of 
energy per hr; hence 1 kw-hr — 2 655 000 ft lb. 

Conlombe ia the unit of quantity of electricity (eoxTesponding to a gallon ot water), or the 
quantity transferred in 1 sec by a current of 1 ampere. 

Capacity is the ability of an electric circuit to store energy in the space between conduotora, 
measu^ in ooulombqi or quantity of electricity. A condenser is a device to provide capaidty. 
Faba» (C) ia the unit of capacity: or the capacity of a condenser which will be charged to a poten¬ 
tial of 1 volt by 1 raulombe of deetricity. A microfarad is one-miilionth of a farad. 

Maxwell (e) is the unit quantity of magnetic flux, and is equal to 1 line of force. 

Oauss (ff) is the unit of magnetic flux density, and is equal to 1 line or 1 maxwell per sq cm. 

Oilbeit (F) ia the unit of magneto-motive fotree (m m f), and ia that m m f which wiU prr^uoe 
1 fine or 1 maxwell in a path in air having a cross-sec of 1 sq cm and a length of 1 cm. One gilbert 
m L267 ampere-turns. * 

Oersted is the unit of magnetising force or magneto-motive force per unit length of path, 
expressed in gilberts per centimeter, or 0.4x171 •«- 1. 

Reluctance. The practical unit is defined as the reluctance of a magnetic circuit is which s 
magneto-motive force of one ampere-tum produces a flux of one weber. 

Weber is the practical unit oi quantity of flux and is equal to 10* maxwsDs. 

Henry (£), the unit of induotsnoe, is the inductance of a dreuit in wfaidi a variation in 
currmt of 1 ampere in 1 sec wUl induce an e m f of 1 volt. 

Eygteresifl. When iron or steel ia magnetised by an deetrio burrent, the value of 
magnetic fluk doee not very directly with the current. An increasing current dose hot 
iwodtioe the same flux for a given eurrmt as a decreasing current. This lagging of the 
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flux behiud the zoagnetixinc force is called hTStereaia, and may be considered as the effect 
of friction between the molecules of iron which, in alining themselves with the flux like 
little magnets, rub against each other. Hysteresis causes loss of energy and hwsting 
the iron, when the direction or magnitude of flux is changed. If the magnetising foros 
varies through complete cydlea, positive and n^ative, <he power lost in hysteresis is: 

Watts - + 1000)‘-« X lO"* 

where ki ■■ 6 to 18, depending upon quali^ of iron; / » frequency in oyolM per see; 
V volume, cu in; * maximum magnetic density in lines per sq in.. 

Bddy currents ere local currents induced in any conducting material located within the influence 
of any varying magnetic field. The term is eepecially applied to currents set up in the iron core of 
a marine, or in a conductor carrying an a c. Theae currents cause heating and loss of power and 
energy. 

Effective reeiatance of a circuit carrying an a e is found by dividing the total lose In watts due 
to the combination of true resistance, ^dy currents and hysteresis, by the square of the affective 
value of the current. 

Series. Two drcuits are in series when the same current passes through both suc¬ 
cessively. 

%unt A circuit is in sbumt, in muutipu! or in pabalubl, with smother when they 
form a divided circuit, so that a part of the total current passes through esmb, while the 
potential tmross them is common. 

Conetant potential circuit ia one across which the potential is kept ae nearly as possible 
constant, irrmpective of the current flowing. It implies a supply from a circuit of low 
resistance. Most house lighting (incandeecent), motor supply, and transmission systems 
are of constant potential type. 

Constant current. Certain systems of lighting by arc lamps require constant value 
of current in all the lamps, which are therefore connected in series and the voltage acroas 
the whole circuit is varied to suit the number of lamps in operation. A special type of 
generator or transformer is required. In Europe the Thury systra of long-distance 
transmission employs a constant d c, the voltage generated being varied with the load. 

Conductance (0) of a circuit is that quantity which, if multiplied by the voltage, will give 
total current if voltage is unvarying, and which will give the component of current in phase with 
voltage (/ cot if voltage is alternating. For d e, conductance ia the reciprocal of resistance. For 
a-o conductance, see Art 7. Conductance ia used in analysing multiple circuits. 1 volt applied 
to a circuit of 1 hho conductance will cause 1 ampere to flow. 

Wa*f" c of an electrical machine is the load in kw which it will give for a specified period 
of time without injury to itself. There are several limitations to the output, but the one 
most frequently met and inferred is injury to insulation by the heat developed. The 
limit is the temp of hottest part of the machine, and the allowable temp depends upon 
character of the iKSUtATiNO matbbials. These are divided into 3 classes: (a) cotton, silk, 
and other fibrous materials, not so treated as to increase their heat-resisting quaUties; 
(6) wmilar materials, but treated and impregnated, including enameled wire; (c) mica, 
asbestos, and other materials capable of resisting high temp. Temp.of machines is usually 
determined by thermometer or by resistance measurements. Since neither.mothod pves 
the temp of the hottest spot, it has been agreed to assume the temp of the hottest part 
as 16“ C higher than indicate by a thermometer on the surface, and 10“ C hotter than 
indicated by resistance measurement. Temp of surrounding air (ambient temp) influ¬ 
ences directly the temp of the machine. Provision must be made that, when the ur is 
at its highest possible temp (assumed at 40“ C),, the machine will not become e^ssively 
hot. This is done by specifying that the rise in temp above surrounding air shall be iwch 
that, if operating in a room of 40“ C, its hottest spot shaU not exceed certain esteblish^ 
values. CowTuroouB bating is the load in kw which a machine will oarry_ continuously 
without exceeding the above temp rise. iNTBBMirrxNT iw-rmo, or Aort time rating, is 
the load'in kw a machine will carry for a short specified period (up to 2 hr) w^out ox^- 
ing theae'limitations. Unless otherwise specified, continuous rating is understood (Art 0 ). 


TtU* 1. Temportturo Conveationi (Standard Rules of Am Inst Elec Engs) 


Class of 
insuiatioii 

HigbMt ptp- 
missibls temp 

limitiag tamp 
by tbtfmometer 

Limiting 
temp lies 

Limiting temp 
by reriatanee 

limiting riae 
by resiataoe* 

d 

i 

■e 

W“0 

109 

125 

80“ 0 

90 

MO 

«“C 

50 

70 

■n 

45“ C 

55 

75 
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Xlcetrlc drcolt Obu's IiAw: B ■■ IB, where / •• eurrent, emperee; ^ i- em f or 
differeBee of potoitiel, volte; B reeutenoe, ohma. Used for aolution of all ample dn; 

drouits and for a-o cirouitB faaviag no re> 

g - "*r- c - aotance. For an a-o drcuit having reaotanoe, 

Ij 1 ^ I, «i B* JS* ^ where I and F are effective value* 

I /-N Bt .B»I. ?• *lRi *IRi T«» and is impedance in ohma (Art 7). 

' i P~^ aJ _ I I I Urchholfa lawa are for aolving any com- 

bination of aeriea. multiple, or aeriea-multiple 
Fig 1. 8«i« Circuit Hg 2. Multiple Circuit drouite. Fib 8T ia.w, for series d-c circuits: 

Be ^ El + Bt + Et, where Bo " generated 
e m f, Fi counter e m f (motor), and Bt « IBt, etc, are the drops in voltage in different 
redstanoee (Fig 1). Special case: Ae » iii + At + Bt. Second i,aw (for muitijJe d-o 
circuits): the algebraic sum of all currents meeting at a point » 0 (Fig 2). Jo « h 
+ -}- /», where h may be found by Ji — A Bi, whence 

BEE 1111 

+ ^ + b.-«; + b; + 5; 

Magnetic drcuit is calculated similarly to electric circuit; 0 - reluctonce 

^ flux in maxwellB, m m f is in gilberts and rductanoe =* I + nA , where I » length of 
path, cm; A » cross-sec of path, sq cm; m is permeability of the material, varying from 
1 for air to 3 000 in some steels. 

PenneabiUty. Since p varies greatly with different materials, and with different 
denaitiea in same material, it is more practical to calculate a magnetic drcuit by mean* 
of magnetisation curves, 
which show relation between 
m m f per unit length of patih 
and flux dendty in maxwells 
or lines per sq cm. Such a ato, 
curve must be made for each 130 
diffoent material used. In 
U S it is customary to plot 
the magnetisation curve be¬ 
tween the ampere turns per s 
in length of path and max- | 
wdls or lines pw sq in (Fig 3). g 
To determine the current to .3 
produce a given flux, divide 'd 
number of lines of flux by 
cross-section of drcuit in sq 
in, and find required mag¬ 
netic dendty in linea per sq 
in. Referring to magnetisa¬ 
tion curve (Fig 3) of the par¬ 
ticular material to be used, 
the number of ampere turns a»p««Tiirn*p#rinA 

I>er in of path is obtained for Fig 3. Typical Magnetisation Curves 

this parti^ar density. Mul¬ 
tiplying this number by length of path (in) gives total ampere turns required, which may 
be divided into any number of amperes or any number of turns, the product of^ which 
will give the required number. For a path in air, or in any non-magnetio material, tiie 
anrpme turns per in » 0.313 times the dendty in lines per sq in. 

Fores on a conductor. Experiment shoes that if a conductOT oanying a current I and having 
a lengtit I ia placed in the magnetic field of density B gausses, at right angles to the direction of 
linea of force, a mechanical force wiU be exerted on the conductor, at right angles to the conductor 
and to tho flux, the value of which will be / - BlI, where / « dynes, if the oth« quantitiea we 
exprasad in c-g-e unite, tactical form of thia equation ia F ■ 0.8B BlI 10~f, where F « », 
B m' Unee per eq ia, I « in, J » emperee. This rriation ia bade for eaiculatioD of torque of any 
motor. In tha oaaa 1 mutt be the lens^ of conductor in the active fidd only. The pull (A any 
magnet ia given by equation: 

F - gt A-f-^ 134000 

wbere P lb, g Una per sq in, A ■ croa-eeo of core, aq in. Thia ia the ease what 2 magnetia 

desKSUts are jn Contact; when eeparated, the average gap density must be used. 


mmgs^:sssBss£3[jS!sammmi 
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/tapwe Turaaptr InA 
Fig 3. Typical Magnetisation Curvee 
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G«&«ntiott 9 t aa atactreoMiara fore* (amf). WluA m eoaduetor ia inoTad in a 
magnetio field so that it out* linas of the field, an e m I ie fenerated, nummfoally proper* 
ttonid tarate of cutting the flux. When conductor outs 10* lines per sec, one volt is gen¬ 
erated. If Z oonduotoia ue connected ia aeries, as is usual in practice, Z ■> Z^ -t- 1(? T, 
where B average volts generated and ^ ■■ flux cut'ln T sec. In the armature of any 
machine the relations are: 

Average Z of a d-o nwwhine » (dPJVZ^) *4* (120 X 10*) 

Effective Z in an * « madiine » (4.44P^5^} -t* (120 X 10*) 

where P «■ number of poles, N « rev per min, 8 •• turns in series between terminals, 
(p "• flux per pole, msxweUs. 

8. CONDUCTORS 

Copper is generally used, iron and Table f. RelatiTe Characterlstles of Conduetera 
aluminum bei^ next in importance. of Equal Resistance and Length 

Though all metals are coruluctors, only 
these 3 are of commercial value, since 
their cost is reasonable and loss of energy 
is low. SiXiVBB is the best conductor, 
but is too expensive for practical use. 

Copran is nearly as good as silver, and 
is best economically. AntruiNvicisnext: 
in the form of solid wire it is as cheap 
as copper, but lacks uniformity in mechanical strength. It is better when in fonn of 
stri^^ cables, but is then more expensive than copper of equal conductivity. laoH 
and sTBan approach copper in economic value, and for small-diam conductors are prefer* 
able due to their mechwical strength. An iNsuiiaTon ia a material used to prevent ildw 

of current, but the division be- 
tweoi insulatorsand conductors 
is not sharp; all insulators con¬ 
duct some current. Ck>mmon 
insulators are air, glass, porce¬ 
lain, rubber, cotton, paper, and 
dry wood. 

Resistance of any conductor 
is given by: B "• pL + A, 
where Z resistance, ohms; 
L "■ length of conductor, ft; 
A » cross-sec of conduotoi;, 
circular mils; p specific re* 
sistanoe, or resistance of a con¬ 
ductor of unit cross-sec and 
length. Though the cm and 
sq cm are the more sdentifie 
units, it is convenient to use 
the circular mil for unit of cross¬ 
sec and the fodt for unit of 
length, as adopted for commer¬ 
cial wires. A circulsr mil is the 
arm of a circle having a diam 
of one mil (0.001 in). A circle 
1 in diam has an area of 
1 000 000 cire mils, and 1 aq in 
» 1 270 000 circ mils. Hence, 
in above equation, if length be 1 ft and A ■■ cross-sec in circ mils, then p has values 
given iii Table 3 

Spedfle redstance p varies directly with the temp. Table 3 eves a constant for 
determining the percentage of increased resistance per deg C in excess of 20" C. General 
law of increase in resistanae of copper with rise in temp ie Z( “ Z# (1 + 0.0042 Ot where 
Rt “ renstanoe at any temp, t® C; Zo * resistance at 0" C; t temp above 0" C. 

Wire gages. Standard classification of wires in the U S ia the Brown and Sharpe or 
Amepcap wire gage (Table 4). 

BAS t*g * «*«> have de&iite relations, readily remembered: A wire 3 eisee larger tbui anotbw 
haa needy baff the reeiataaoe, twice the area, and twice the wt per uait iength. Thue, No 7 has 


Table 3. Resistances of Conductors 


Material 

Ohms 
reeiatanoe 
per mil-foot at 
20* C. a 

Temp eoef, per 
cent increase 
per deg C, 
from 20* C 

Silver, annealed. 

9.5 

0.377 

Copper, annealed (100%). 

10.3 

0.388 


10.5 


“ , enet. 

12.0 to 97.0 

• 

Gold, annealed. 

13.5 

0.365 

Aluminum, commercial. 

14.3 

0.388 

Zinc. 

38.0 

0.379 

Platinum. 

57.0 

0.24 

Iron, pure. 

61.5 

0.56 

** j .. 

34.0 to 68.0 


Steel, loft *. 

104.0 

0.388 

" .rails*. 

121.0 


" i special*. 

84.0 


Nickel.'. 

84.0 

0.56 

Tin, pure. 

86.0 

0.365 

Lead. 

130.5 

0.3S7 

Mercury. 

570.0 

0.072 


* Steel being an alloy haa varying epee resist. Stesl ussd for 
track raila has approximately the value given in table, while for 
the “third ” or conductor rail aapedal oompoeitiem ia used rith 
loww spec freeist. 



Croas-eeo Wt for 

for equal equal 

resistanoe resistance 


1 I 

1.6 0.48 

a 7.1 

Altimimim.. 

Iron, steel. 
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T«U* 4. Brown * Sbarpe Wire TnUe 


B A8 


DottUs 

f 

Wt,lb 

•pen 

1 000 ft 

^ Seeistaaoe 

Qurrent 

oapeoity, 

rubber 

insulatioa. 

amperee 

or 

A WO 

■iss 

Bsm 
diam, in 

« 

cotton 
covered, 
diam, in 

Area, 

mils 

Ohms per 

1 000 ft, 
75* F 

Ohmeper 

mile, 

75* P 


1.152 

1.035 

0.891 

0.819 

8.728 

0.590 

0.460 


1 000 000 
800 000 
600 000 
500 000 
400 000 
250 000 

3 050 ' 

2 440 

1 830 

1 525 

1 220 

762 

O.OIOSI 

0.01313 

0.01731 

0.02101 

0.02627 

0.04203 

a 

650 

550 

450 

390 

325 

250 

0000 


211 600 

640 

0.04906 

0.2589 

225 

000 

0.409O 


167 805 

507 

0.06186 

0.3265 

175 

00 



133 079 

402 

0.07801 

0.4117 

150 

0 



105 538 

318.8 

0.09838 

0.5189 

125 

1 


0.303 

83 694 

252.8 

0.12404 

0.6546 

too 

2 

0.2S76 

0.272 

66 373 

200.5 

0.15640 

0 8254 

90 

5 

0.2294 

0.243 

52 634 

159 

0.19723 

1.0409 

60 

4 

0.2043 

0.216 

41 742 

126.1 

0.24869 

1.3125 

70 

5 

0.1819 

0.194 

33 102 

100 

0.31361 

1.6550 

54 

6 

0.1620 

0.174 

26 250 

79.3 

0.39546 

• 2.0871 

50 

7 

0.1442 

0.156 

20 816 

62.9 

0.49871 

2.6318 

38 

0 

0.1284 


16 509 

49.88 

0,62881 

3.3184 

35 

9 

0.1144 

0.126 

13 094 

39.56 

0.79281 

4.164 

28 

10 

0.1018 

0.112 

10 381 

31.37 

I 

5.277 

25 

II 

0.0907 

O.IOI 

8 234 

24.88 

1.2607 

6.654 

20 

. 12 

0.0808 

0.091 

6 529 

19.73 

1.5898 

8.390 

17 

13 

0.0719 

0.082 

5 178 

15.65 

2.0047 

10.580 

14 

14 

0.0640 

0,073 

4 106 

12.44 

2.5278 

13.341 

13 

15 

0.0570 

0.067 

3 256 

9.84 

3.1150 

16.822 


16 

0.0508 

0.059 

2 582 

7.81 

. 4.0190 

21.213 

6 

17 

0.0452 

0.053 

2 048 

6.19 

5.0683 

26.749 


la 

0.0403 

0.048 

1 624 

4.19 

6.3911 

33.729 

3 


hslf tbo reustonee of No ID. A win 10 auM larger haa Oil tbe reaiatance aod 10 times the area 
and wt No 10 is approx 0.10 in diam, baa area of 10 000 ciro mila, reaiatance of 1 ohm per 1000 ft 
at 20* C( and weigba 32 lb per 1000 ft. 

Reoiatanoe and wt of standard axes of wire of other materials are found by using 
following ratios: Aluminum, multiply resistanoe given for copper by 1.61 and the wt by 
0.301. iaoN telegraph wire, resistanoe is S.06 and wt 0.877 that of copper. Stbbl wire, 
resistanoe is 8.82 and wt 0.883 that of copper. 

Birmingham wire gage (B W G), aim known as Stubbs, is largely used in Great 
Britain and somewhat in this oounl^. Metric system is used in France and Germany. 
Boebling table is used in the U S for steel wires and cables (see Sec 41, Art 0). 

Table 5. BDgh-resistance Wires 



Compoeition 

Reeietaaoe 
relative to 
copper 

Temp coef, 

% increaee 
per deg C 

Max allow¬ 
able temp, 
deg C 

German eilvw, 18%. 

•• “ 30%. 

lalafBoker). 

Advance. 

Manganio *. 

gunerior. 

Ni-Ou 

41 

48 

M 

Cu-Fe-Mn-Ni 

Ni-Steel 

II 

19.0 

28.0 

27.3 

28.6 

24.0 to 43.0 
49.0 

51.00 

56.0 

0.0310 

0.0310 

0.0005 

0.0018 

0.0011 

0.0720 

0.0540 

0.0430 

300 
' 480 

Climax. 

Niohrome... 

540 

1 200 


* Mangaain is used in electric meters because of its low temp ooef. 


4. MEASUBING INSTRUMENTS 

Solenoid. Simidest form of measuring instnunent is the plunqbb ttpb of solenoid. 
It .oonsists of a o<nl of thick wire carrying eurrent to be measured, and a soft steel phmgtf 
>9|lmoh is pulled into axis of coil by effect ai tiie current acting against weight of jdungsr. 
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or afliiiurt • ^pri^. Opoatea vritb botii d c and a e, but is not aoeunte with 
MAommo yams is a special foim of solenoid instrument. Inside the coil dinying the 
ourrent is a thin steel vane, pivoted in oenter of coil, and g fixed vane of triangular cross* 
section. 'When ourrent flows in the coil, both vanes are magnetised alike and repri each 
othw; hence, pivoted vane moves away troax fixed vane, moving force being proporthmal 
to square of the current. Used both for d o and a e, but its accuracy varies with frequency 
and wave shape. Incunbd corn solenoid instrument is very generally used to measure 
a 0 . A cylindrical coil of wire carrying, current to be measur^ is set inclined to a spindle 
or axidoanying a steel vane. When no current flows, the vane is held in plane of coil by a 
spring. When ourrent flows, the magnetic field is perpendicular to plane of coil and the 
pivoted vane, in moving to set its longer axis in the line of flux, rotates the spindle to which 
pointer is attached. Force is proportional to square of the current. Used for d c and a c, 
but is affected by wave chape and frequency. d’Arsonval pniNciPUs, used in almost all 
mstruments for d e, employs a coil of fine wire placed in the field of a permanent magnet, 
suspended so that it can rotate. Current to be measured, or a definite part of it, passes 
through the movable coil, causing a torque which is resisted by a spring. The force is 
directly proportional to the ourrent. Only operative with d c, and is affected by stray 
magnetic fields. 

Hot-wire instruments may be used to measure both d c and a c. The current is 
passed through a wire, which it heats and lengthens. Increase in length is taken up 
by a spring or weight, the movement of which is proportional to square of current. 

Dynamometer consists of 2 coils, fixed and movable, so arrang^ that their magnetic 
fields act upon each other. The current, passed through the two in series, develops a 
torque (as in a series motor) proportional to square of the current. Movement of the coil 
is resisted by a spring and indicated by a pointer. As no iron is present, this instrument 
is accurate for d c and a c of all frequencies. The principle is used in the Siemens dyna> 
mometer, in some bh} voltmeters and ammeters and in all wattmeters. In wattmeters onw 
coil is in series with the line and the other coil across the load, receiving current through a 
high resistance proportional to the potential. 

Induction-type instruments utilise the fact that, if a coil carrying an a c has within it a 
piece of copper or aluminum, eddy currents will be induced in the metal, and these will 
react on the main current, giving a force or torque. The torque is proportional to square of 
current. Instrument operates only on a c, and is affected by vaiying frequency. 

Ammeter operates on any one of above-mentioned principles. Its electrical circuit 
must have very low resistance, and usually the measuring coil carries only a small though 
definite part of the current. In parallel with working circuit, there is usually a metallic 
‘‘shunt,” which has such resistance that the maximum current to be measmed causes a 
drop of about 50 millivolts (Art 1, par 1} in the shtmt. Some 
meters have interchangeable external shunts, while others have 
shunts placed innde the case and permanently connected in the 
drouit. 

When the instrument is used with an external shunt it is 
sometimes called a miluvoltusteb, its scale being marked in ^ _ 

miUiwlts. An ^eter murt never be left connected in Ac v3tmeter?rm«e*{er” nd 
circuit without Its shunt. Most ammeters for measuring d c Protecting Switches 
operate on the d’Arsonval prindple, as it gives the most accurate 

results. For a c, the inclined coil is in most general use. Most a-o meters will indicate 
as correctly on d c as on a c, but not as accurately as an instrument of the d'Arsonval 
type (Fig 4). 

Voltmeter resembles an ammeter and in reality measures current, but its electrical 
■dreuit has a high resistance connected in series with it, to limit the current to a reasonable 
value. Since, in accordance with Ohm’s law, with a constant resistance the current is 
proportional to the potential across the dreuit, the scale deflection will indicate volts. 
’The resiatanoe must be non-inductive, and must not vary with temperature. When the 
redatanoe coil is separate from voltmeter the coil is called a multiplier. 

The dynamometer type voltmeter is to be preferred for a e, and a potential transformer may 
be used instead of a multiplier if required to measure a voltage higher than the range of the vdt- 
mmtuf proper. Eubctbostatio voltubtxb, a apeoial instrument for measuring very high vdtoges, 
utiUses thaforoe exerted between two charged bodies. A moving vane is connected to one side of 
the circuit, a fixed vane to the other. Ae the high potential charges these vanes, a force is exerted 
between them causing the movable vane to rotate. This instrument is used for either a e or d C. 

Wst|n«|sr is used on botii a-e and d-c circuits for measuring the true or active poww 
in wsdts; El in d-c dreuits, El eta ^ in a-c dreuits. In d-c dreuits a voltmeter and mi 
MwmetsK may birused to measure power, the product of the volts and amperss giving true 
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power, but in an »-e oirouit thi« is not true, llie wattmeter bee a potential coil connected 
in parallel'trith the load (like a voltmetw), and a current coil connected in aeriM with the 
load (like an ammeter). If the needle shows negative deflection, the terminals one 
eoil or other must be revwaed. Range of the wattmeter must be aeleeted with reference 
to the volt and current capacity of its coils. A '* multiplier" may be used in the potential 
coil and a current transformer in the oirouit of the current coil. 

Vstt-liour meter meaeures enern^ by recording vatt-seDonds. Coils are arranged to form a 
motor, which causes a disk to revolve at a velocity proportional to the power. A counter segisten 
numb» al revolutions of the disk, uid this number repreeente energy. Watt-hour meters for a-o 
circuits are constructed differently from those for d-c. (Art 11.) 

Power-factor meter determines the phase angle M betwera voltage and current of an a-c circuit. 
Since in praetioe the power factor is the more important, the scale is graduated in cos d* Instrument 
is constructed like a wattmeter having 2 coils, one for potential and one for current. 

I^eqneacy meter indicates the frequency in electrioal cycles per second of the circuit vedtage. 
The two common types are the vibrating reed and the induction. They are eonneoted to the line 
like voltmeters. 

Secording meters are often used in power statione to provide a continuous record of voltage, 
eurrmt or power., 'A pen, sttsohed to die indicating dement, rests on s strip or disk of paper, and 
draws a line as the paper movee by clock work. 


6. DQUSCT-CUSltENT GE19ERATORS 


Appliegtion. Direct-current (which is ofiicially named continuous current) apparatus 
is ua^ for short transnuenon distancee. For long distances the a-c system (Art 7) is 
preferable, because the transformer (Art 13) permits transmission at very high voltages. 
However, since the d-c motor is more convenient and more easily controlled than the a-c 
motor, the d-o system is used whenever posnble. It is often fotmd advisable to generate 
and trimamit by means of a-c, which is then converted to d c at the place where the motors 
are located. Thus, moat generating stations produce a c, though many of the motors 
supplied by these stations use d c provided by synchronous converters or rectifiers. 

Fondamantal principle of a dynamo is the production of e m f (Art 2) in one or more 
conductors by the motion of these conductors in a magnetic field. In most machines the 
a m f is alternating; first positive, as conductor passes a north pole, then negative, as it 
p a ss e s a south pole. For use as a d-c machine a commutator must ^ provided to rectify 
voltage and current. The commutator is the distinguishing feature between d-o and 
a-c machines. Small machines are usually of the bipolar type, with a more or less enclosed 
frame of cylindrical shape. Large machines are multipolar; that is, having a large 
number of inwardly projecting radial pole pieces. Commutating pole or intshvoud 
machines have small auxiUaiy poles placed alternately with respect to the main poles and 
excited by a few turns in series with the load. Effect of these poles is to improve the 
commutation of the machine. Machines are divided generally into belt-driven and direct- 
connected, the former having the higher speed. 

Shunt machine, either generator or motor, is one in whidi the entire field excitation 
is derived from a circuit of many tunu and high resistance, connected in shunt or multiple 
with the armature circuit (Art 6, Fig 8). The characteristic of a shunt generator is poor 
regulation; that is, voltage decreases as load increases, and hand regulation of a rheostat 
in the field is necessMry to provide steady voltage. 

Compound-wound machino has on each field pole, in addition to its shunt winding, a 
few turns of thick wire which carry the load current and are known as series winding 
_ . (Fig 5, 6). This causes excitation to increlwe as 

lij 'I load increases, and tends to keep the tominal vqlt- 

S "'B constant or even to increase it. If the field 

f A S ( I windings are proportioned to cause a higher voltage 

8 8 y at full load than at no load, the machine is ovei^ 

J oompounded. A flat-compounded machine has tiie 

I JB I same voltage at full load as at no load; an undpr- 

FlgS. Short Shunt Kg 6. Long Shunt compounded macUne has a lower volta^ at full 
Coaneetions Connections than at no load. A compound-wound machine nuty 

be oonnected either in short shunt (Fig 5), whit^ 
is uiual praetioe, or in long dxunt (Fig 6), in which the field winding is connect ftim 
outside of the aeries field to outride the armature. 

CaUMsat poteaflsl st eenatant curmt In eonstpnt-potential type an endeavor fa aiade to 
maintain a oonatant potential aoroea the load. For psrtieidar purpqaaa maohinaa aometinna hive 
their firid aennactad in aariaa with the armature, and with a apadal ragulatins davioa for gittbap 
.^Muataat eurraht itraapaetiva of load.' Thaaa m ac h i n a a ware fonaarly much oaad ia an Uriitiriri 
now built. 
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In installing and erecting a d-o machine, certain features must receive 
careful attention, so that the machine shall operate properly and not deteriorate too 
rapidly* The most important considerations are; (a) For large machines the base la 
bolted to the foundation in accordance with the drawings. (6) Bearings are lined up, 
clean^, and oiled, (c) field coils an tested for open circuit and wrong oonneotions. 
Test is n^e with a ccmpass for corieot polarity. For a self.«xcited generator there is 
one particular connection of the field to the armature for each direction of rotation, 
(d) Armature must be properly centered so that the air gap is correct at all points. Gap 
is measured by taper wedges, (e) Magnet frame is bolted to base. (/) Commutator 
is smooth and polished; use sand paper, never emery paper, to polish commutator, 
(g) Brushes are properly and accurately spaced around the commutator, sandpapered 
and fitted to its curvature, and their pressure adjusted to the correct value, usually 1.5 to 
2 lb per sq in of contact surface. (A) Field connections are adjusted fur correct direction 
of rotation and substantial connections made, (t) Machine must be protected from 
moisture during shipment; if it be damp it must bo dried out by heat before starting. 

Operatioil. In starting a single generator it may be necessary to ckabgb the fielp 
by exciting tiie shunt field separately for a moment to set up residual magnetism. To 
cause the machine to pick up, or generate voltage by self-excitation, the rheostat connected 
in series with the shunt field must be cut out, or short-circuited. If total resistance of 
shunt-field circuit exceeds a certain critical value the machine will not “pick up," however 
.much time is allowed. 

Parallel operation. For economical operation of a power station there must be a 
number of machines, whose aggregate capacity equals the maximum demand on the sta.- 
tion. As the demand varies the number of machines in operation is adjusted so that those 
running are operating at a load near their rating, and therefore at good efficiency. To 
operate shunt qenebatokb in parallel (that is, feeding 
the same bus-bars),- it is only necessary to adjust all 
to the same polarity and voltage, connect them to the 
bus-bars, and adjust division of load by strengthening 
the field of the underloaded machine if voltage of the 
bus-bars is low, or weakening the field of the overloaded 
machine if voltage is high. To operate compound 
OBNBBATOBS in parallel there must be an equaliser 
connection, making a common connection on all the 
machines at the point between the armature and the 
series field (Fig 7). The equalizer divides the load 
current in proper proportion between the series fields 
of the different generators, preventing the machines 
from acting as series generators or differential motors, 
wjrich would cause short-circuits. For successful operation of compound machines in 
multiple all those connected to one set of bus-bars must have same amount of com¬ 
pounding, and same voltage at no load. The compounding curves of machines must be 
investigated before they are operated in parallel. WiUi imlike curves, one machine may be 
overfoi^ed while another is underloaded, unless the field current of one of them is adjusted. 

If a machine is to be connected in parallel with those idready in operation it must have 
proper polarity and voltage, the equalizer circuit must be made, and the switches are 
closed in the order 1, 2, 3, as in Fig. 7. With any other order the effect is the same as 
having no equalizer. In shutting down one machine, switch No 3 must be opened first; 
then No 2 and No 1. For manaobhent, see Art 6. - , 

Teiting. D-c machines are tested for regulation, commutation, and heating, by 
■ubjecting them to a load, but their efficiency is best determined by the separate l<w 
meriiod, for which the machine nee,d not be run under load. Customary commercial 
tests ske: 


-fBu« 



(e) ItssisUBCs messwensats are mads on armature winding, shunt field, and seriM fidd, at 
known temp, before the maohine is run and again after the heat run (d). Rwtance of a ^ w 
multiple winding ia found by meoaiuing between two diametrically opposite points on oommutat^ 
If this resUtaooe be S', then the actual armature resistance is Sa “ 4®' where p - numbm 
of poles on machine. Reeiatanoe of a series-wound armature is found by measnnng beween t 
commutator segmento.aepBrated by a diotonce equal to periphery of committor dmittd ^ nnm^ 
of polsB Resistanee of the brush contact can not bo accurately measmed by any rimjrte mea^ 
as its vdue is affected by value of the current, epeed of commutator and pressure ol brusnee. ah 
accepted method is to aasnme a totd loes of S volts in all brushes. , j «jj 

9) <Ua» loss sad fiictiim (stray powsr). Machine is run as motw without load, fidd cuitwt 
bdag hdd dt proper vdue and the voltage applied to armature s^m^ to **« 
lai^ l^snnstm^ measured; subtracting from this the calculated ol armature circuit, the 
net vslpe of input * oordloas 4- friction. 
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<«} l99d nms. Machiiw u ran «m] tbe weitetion adjuttcd to gira propor roltafo nt no load. 
Load is then addod and tanninal vidtago noted. If B 9 » voltage at no load and B m voltage at 
full load, the regulation ia (£0 — B) + B. Braahtt muat be aet in proper position for eonunutation, 
whiob ia judged by obaerving action of brushea at' no load, full load, and lfi0% load. 

(d) Heat runs are made by operating at full load until the temps of the various parts that can 
be noted duijng operation beooma oonstant. The greats the machine’s capacity, the longer is the 
testing time required. Heat runs are somedmee made at 1.26 or 1,60 times rated load for 2 hr. 
Heat runs may be made either by the DnAn‘i;x>AD ubtbod, in which a reaiatanoe load such as a water 
rheostat ia connected to the terminals and full rated load power is required to drive the machine; or 
by the Hopldnaon or puiinNo-SACK iiaTBon, in which 2 machines of similar eharacteristicB are run 
in multiple, one acting as a generator to supply electrical power to the other as motor, which in 
turn drives the first by a bolt or equivalent mechanical connection. For this test a loss uvvvur is 
required, which may consist of a source of either electrical or mechanical power. The power 
required is from 10 to 20% of the rating of one machine. During a heat run, thermometer readings 
are taken at stated periods, showing temp of frame, field-coils, bearings, and surrounding air. 
After the run thermometers are placed on various parte of the machine, the bulbs being protected 
from radiation by small cotton pads, and the temps are noted of armature core surface, ventilating 
.ducts and winding, commutator surface, pole-tips, field-coils, bearings, frame, and the room. 
Raeiatance of the elec circuits should be measured, and average temp of tne copper calculated from: 
(1 (fti + Ko)(234 + to) ~ 234, where fii and Ro are the hot and cold resistances, and ti and to 
are the hot and cold temps. 

(e) Compounding test. To adjust the current in series field so that a compound-wound gen¬ 
erator will give specified voltages at no load and f'jll load, the machine ia first operated at no load 
and current in shunt field adjusted to give desired no-load voltage. Load is then put on, and it will 
usually be found that the terminal voltage is too great Strips of German silver or other resistanee 
metal are then connected across the series field terminals, until by shunting current from the series 
field the macidne voltage is reduced to desired value. This “series-field shunt” is then insulated, 
and made up into permanent form. Before making the no-load adjustment, it ia advisable to over¬ 
excite the shunt field for a moment to overcome hysteresis. 

if) Insolation tests. After the heat run the insulation is tested, first by measuring its reustance 
and then by applying a high-potential test. Insulation bbbistancx is found by connecting one 
terminal of a 600-volt d-o circuit to the windings through a 600 voltmeter, and connecting the other 
terminal of the 600-volt circuit to the machine frame. If voltmeter resistance is R« and the deflec¬ 
tion during above connection ia z, then insulation resistance in ohms is: R — Rv (600 — x) + x. 
The value of R should be approximately one megohm (1 000 000 ohms) for each 1 000 volts of rated 
potential of the machine. Hioh-potkntial test is made by applying an alternating high potential 
between each winding and the frame of the machine for 1 min, in accordance with specifications 
adopted by Am Inst Elec Engs. This test is usually made only at the factory and should be under 
supervision of an experienced person. 


6. DISECT-CURRENT MOTORS AND MOTOR-GENERATOR SETS 



Shtmt motor (Fig 8) has only one exciting winding, which is connected acroBS armature 
terminals, and is in parallel or shunt with the armature, f^eld winding consists of a 
large number of turns of fine wire on each pole, and all poles are usually connected in 
aeries in one circuit. Field current depends upon line voltage and resistance of field wind¬ 
ing. Resistance of field winding is made high, so that the field current will be between 

1% (large motors) and 5% (small motors) 
of the full-load current of moW. The char¬ 
acteristic of the shunt motor is a fairly con¬ 
stant speed for all reasonable load values. 

Series motor (Fig 9) has only one exciting 
winding, which is connected in series with 
the armature, and all the current flows 
through both field and armature. Field 
winding consists of a few turns of thic^ wire 
on each pole, the windings on all poles being 
oonneoted in series. Field current depends upon the load; large with heavy load and spnatt 
with lif^t, Resistance of field winding is made low, so that loss of voltage and power in 
that circuit will be small. Characteristica of a series motor are: a speed varying w^ 
every change in load, high speed at light load, and low speed at heavy load.* Efliciency 
it high throughout a wide range of speed. Speed will be dangerously hi|^ at no load; 
thus a seriet motor must always be connected rigidly to its load. Since torquO is high at 
tow speeds, this motor is especistlly adapted to work requiring frequent starting. 

Compound motor. Usual fonn is the cumulative motor,''each pole of which has both 
ttria* and dnmt winding, wound and connected for munml assistanoe in producing tb^ 
ic field. It it A emnt^ation of riiunt and series motor, designed to give the good 
: qualities of the series motor and to ailoid danger of exoessivis ^leed at fi^t loads. 


Fig 8 , ShuBt-motor 
Connection 


IrmBiuM 

Fig 0. Series-motor 
Connection 
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DoTBHisMnAi# iioTOB hfts Opposed shunt and series winding; not mush ussd *«««^ not 
xeoonunmided. 

lacioted w open type referring to the mechanical housing of the motor. Opbk ttvii 
has all parte freely exposed to the sir and is therefore well ventilated. Inte^ed to 1 m used 
indoors or in protected places. Inclobbi) ttpb is for use in exposed locations, where there 
is liability of dampness and dirt. Special means must be provided to circulate air inside 
the machine, but even then 
an inclosed motor is larger 
and more expensive than an 
open motor of same capacity. 

Relative capacities in output 
of open, semi-inclosed and 
total^ inclosed motors, are 
shown by Table 6. Totally 
inclosed motor weighs about 
16% more than an open motor of same capacity, notwithstanding that it is allowed by 
commercial convention to operate at IS** C higher temp. 

Rating. Motors are rated on basis of their continuous or their intermittent capacity. 
Continuous isatino is the output in h p (or kw) which a motor will give continuoudy 
with a maximum temp rise (measured by thermometer above the surrounding air) not 
exceeding 50 or 70° C in field or armature, depending upon character of insulating material 
(Art 1). iNTERHiTTEirr BATiNO is the output which the motor will give for 1 hr (starting 
at room temp), with a maximum rise in temp above surrounding air not exceeding the 
above values (Standardisation Rules of ASA 060). 

Voltage and current. Usual values of voltage for d-c motors are: 110-125 for small 
unite on lighting circuits; 220-250 for motors in factories, shops, and mines, on power 
msins or on outside mains of a 3-wire system; 500-000 for general railway work; 1 200- 
2 400 for heavy railway work. Current in amperes required for any motor is; I » (output 
in h p X 746) ■+■ (effic X voltage). Usual efficiencies of motors of different sisee are 
given in Table 7. 

Applications of motors. Chief applications of d-c motors: brunt motor, driving 
shafting, machine tools, blowers, reciprocating ptunps, motor-generators; series motor, 
R R, and all transportation work, hoists, cranes; compound motor, elevators, hoists, or 
macbinery that is stopped and started frequently. 

Speed characteristics. Shunt motor is always used when constant speed is desired. 
It may be obtained with characteristics such that the drop in speed from no load to full 
load is 6 to 10%. At full load the speed of any well-designed shunt motor may be increased 
to equal the no-load speed, by putting resistance into the field circuit. Variabte^peed 
motors are of the series type; they decrease in speed as load increases, every change in 
load causing change in speed. Multispced motors are of shunt type, and usually have 
commutating poles so that they may operate with different strengths of field without 
suffering from bad commutation. They may be controlled by varying the field resistance, 
or l^e voltage impressed upon the armature. By increasing resistance in series with the 
field of a shunt motor speed is increased, due to weakening of the field. If the motor has 
commutating poles, to assure good commutation, speed may be varied in ratio of 1 to 2, 
or even 1 to 4 in small sixes. Motor speed is stable with this mode of control and effi¬ 
ciency is good. 

Potential controL By means of several generators and several wires, various definite voltages 
are available. Thus, with one main generator giving 240 volte and 3 smaller ones giving 40, 80, 
and 120 volts, combinations may be made giving 40, 80, 120, 100, 200, and 240 volts. By connect¬ 
ing the armature terminals to these voltages, the motor will run at speeds proportional to the 
voltages. The shimt field is left oontinuously connected to one circuit, usually the maximum 
voltage circuit. A shunt motor with normal excitation will be stable at each speed; that is, will 
operate at fcdriy constant speed irrespective of load, Efficiency will be good at all speeds. A 
number of wires are needed to make the different voltages available at the places where the motoie 
arelooat^ 

Variabls-spBed motors. By connecting a rheostat in series with a diunt motor' 
armature, the voltage impresaed upon the armature will be reduced by an amount pro- 
pbrtion^ to the current, and speed will thereby be reduced. The speed is unstable, 
dianging with every change of Ic^, and efficiency is poor. 

Starttng box (rheostat) is always employed in starting d-c motors, to reduce the voltage 
impreased on the armature when not running at a speed high enough to generate the 


Table 6. Data of Typical Commercial Motors 
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proper counter e m f. Fig 10 riiows uniaJ connections of n starting bos to tlw line and 
motor. 

Starting box contains: (a) means of opening and closing the oirouit supplying euirent to the 
motor, including the field current; (b) set of resistance steps in series with motor armature, and a 
means of sbort>circuiting this resistance step by step; (e) a magnet coil connected across the motor 
terminals to open the circuit if impressed vdtage fails (lowvoltage release); (d) a magnet coil 

carrying main current to actuate a spring and open main cir¬ 
cuit, if current exceeds a specified value (overload release). 

Specifications. In calling for bids for d-c motors 
it is customary to specify: kind of service and load, 
method of drive, voltage, horse-power, speed, and 
whether open, semi-inclosed or inclosed, aeries, (Aunt, 
or compound-wound; if shunt-wound, wheth^ shunt 
field rheostat is to be supplied; if compound-wound, 
whether cumulative or differential; dimensions of pulley 
and shaft extension, whether rails or base are required; 
whether starting box is to be supplied and if so, the style; temp rise for continuous full 
load; temp rise for 26% overload; efficiency at 26, 60, 76, 100, 126, and 160% load; 
starting torque required; necessity for withstanding moirturq; regulation; percentage 
variation in speed between no load and full load, with field resistance constant; variation 
in speed at full load obtainable by variation of field rheostat. 

Installation. (See Art 6.) 

Costs. (See Art 19.) 

Operation. All motors should be frequently inspected and following points noted: 
(a) Bearings filled with proper amount of oil; (b) bruAes securely held in proper position; 

(c) brushes fit properly; (d) commutator smooth; look for " high mica," or projection of 
the insulation above the bars; (e) air gap true; (/) commutator not worn in,grooves. 

Troubles. Followizxg troubles that may occur in operating d-c motors, and their 
causes, are stated by Crocker and Wheeler: (a) Sparking at commutator. Causes: 
armature carries too much load, brushes improperly spaced or not in proper position, 
rough commutator, poor brush contact, internal short or open circuit, field too weak, 
unequal strength of poles, vibration. (6) Heating of commutator and brushes. Causes: 
sparking, bearing trouble, bad connections, brush friction too great, (c) Heating of 
armature. Causes: overload, internal short circuit, moisture or ground, reversed coil. 

(d) Heating of field. Cause: internal short circtiit. (e) Heating of bearings. Causes: 
bearing dry or dirty, shaft out of true, bearings out of line, thrust due to belt, unbalanced 
magnetic pull. (/} Noise. Causes: armature not balanced, brushes dry or not set at 
proper angle, armature strikes, (g) Speed too low. Causes: wrong voltage, overload, 
armature strikes, bearing too tight, (h) Speed too high. Causes: wrong voltage, field 
too weak, (t) Motor stops, or fails to start. Causes: overload, open circuit, wrong 
connection. 

Tests. A motor is usually tested lor resistance of insulation and of windings, heat run, .stray 
power, regulation and commutation. Regulation test consists in measuring speed at no load and 
at full load. Other tests are the same as made on d-c generators (Art 6). 

Coastanta. Efficiency of any particular size of electrical machine may vary widely seeording 
to its deaign. For weight and cost, see Art 19. 



Table 7. Average or Usual Constanta for D-C Machines 


Kw rating. 

Efficiency at full load 
Rev per min. 


1 

5 

to 

20 

50 

100 

200 

0.80 

0.84 

0.86 

0.88 

0.90 

0.91 

0.92 

2 000 

1 100 

850 

680 

650 

600 

450 


Motor-generator set is a combination of motor and generator having separate fidds 
and armatures, but mounted on same Shaft with common base and bearings. The two 
machines may both be for d c, both for a c, or one for each, in accordance with tiie use to 
which the plant is to be put. Principal applications are: 

Balancers. Two similar d-c machines mounted on the shaft, and connected in series semes tiw 
mains of a 2$0-volt circuit. From the common connection a third wire is brought out, thug i^ing 
a d-wire system for 125‘volt lamps an each leg, and for 2S9-volt motoie on the outside main. With 
compound machines the regulation on the 12fi-volt circuits is good. 

Beoste^ra. To raise the voltage on a particular feeder a series booster » used, coneiating of a 
shupt motor driving a aeries generator, the latter being conneeted*in aeriee with supply and feeder. 
Tltafet rune at eonetant spei^, and the voltage increases with the current to the load.. Voltmm at 
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full load w {rom 10 to 20% of the ratad voltage of the eircuit. The combination may ...e designed 
to neutralise loas in voltage due to drop in the feeder. 

Moltiiile>voltage aysteau. Motor>generator sets are used to give the fractional voltages 
required for these systems. Each set consiata of 2 or 3 machines operating as a balancer; that is. 
eaeh may be a motor at one moment and a generator at the next, depen^ng upon which mrcuit 
is supudying the load. 

Ward-Leongrd gygtem. For regulating the speed of a motor a special generator may 
be provided, which, being driven by its own motor, forms a motor-generator set. By 
varsring the field strength of the generator any voltage may be generated, from 0 to full 
rated voltage. If this generator supplies only the armature of the motor, the speed of 
which is to be regulated, its speed may be controlled from 0 to full speed by merely varying 
the small current flowing in the field of the special generator. Main supply circuit fur¬ 
nishes current for the motor of the set, and fields of the generator and the controlled motor. 

ngner sets. Where a motor must start and accelerate a heavy load frequently, as in 
m^ne hoists and rolling mills, the motor is advantageously supplied from » special set, 
consisting of a motor (shunt or induction) driving a special generator, with a heavy 
flywheel forming part of the set. For such ser\'ice the set motor must have poor speed 
regulation. As the accelerating motor starts, it draws a heavy current from the generator, 
causing speed of set to drop and the flywheel to give up considerable stored energy. 
This energy supplies the peak demands, and when the peak lodd period' has passed the 
set speeds up gradually and stores more energy in the flywheel. This combination is 
expensive, but is used where conditions limit the maximum demand which may be made 
on the electrical supply system. (See Sec 16.) 


7. ALTERNATmG-CURBENT CIRCUITS 


Sine wave. Every generator for d c as well as for a c has induced in its own windings 
an alternating voltage. The commutator of the d-c machine rectifies this, giving direct 
or continuous voltage. Since an a-c machine 
has no commutator, this voltage is brought 
to the load in its alternating form by slip- 
rings. 


In designing machines every endeavor is 
made to obtain an • m f which follows a true 
sine law: e ** Bm »in B, in which e is the instan¬ 
taneous value, Em the maximum value, and $ 
gives the phase time, or abscissa at which the 
instantaneous value ia si>eoified. All calcula¬ 
tions of a-e cirouits are based on assumption 
that voltage and current do follow a sine law. 

Frequency. The eeries of values from a to 
e (Fig 11) constitute a cyde or period. Time 
in seconds required for one cyde is the periodic 
time T, and 1 -f- T (number of cycles per sec) 
is the frequency /. In commercial practice fre- 
quenciM of 25, 50, and 60 cydes per sec are 
used, the first for general power, the latter for 

lighting purposes. If • is expressed in radians, then + f — 2 «/, and ® ■" 2 *■/ X 1. _ Thiw phase ^9 
is a conventional means of expressing a given instant of time <. A cyde may be divided into 360 , 
and 9 may be the absdasa expressed in degrees. 



Effeeflve, virtual, or root mean aqoare value of an a c is equal to that value of a d c 
which would produce the same heating effect or average power loss in a resistance RJ. 
If current follows a sine law, the effective value is equal to maximum value divided by y2. 
Effective value of e m f is that which, when multiplied by the effective value of current in a 
simple resistance, will give the true power in watts. It is also equal to maxi mum value 
divided by -v/S. Effective values of current and voltage are the values shown by all 
instrummts, and are the only ones used in practical engineering. (See Sec 16.) 

Inductive reactance, inductive circuit. Any circuit in which the presence of a current 
produces a'magnetic flux is an inductive circuit, the quantity of inductance depending; 
upon the number of turns and the quantity of flux proiduced by one ampere. When an 
a 0 flo'ifB in an inductive circuit the current lags behind the impressed e m f, and ^e 
relation between voltage and current in such a circuit is E » 2 iefLI, where E -* effective 
value of e m f, / ■■ frequency in cycles per sec, L ■> inductance in henries, / * dfOTtive 
value of current. Xt 2ir/L is the inductive reactance in ohms. E »■ Xtl in a circuit 
having ii^uctance onlj^ and the current will lag beUnd the voltage by 0.25 of a period. 
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Capacity raaetanca, aati-induetive circuit. If an-alternating • m f ia impreased upon 
f circuit having capacity oxiiy, the current which flows jmcedea'or leads the e m f by 90?, 
and its value is J 2 rfCE, where C is the capacity in farads and the other quantities are 
as in preceding paragraph. JTe ■■ 1 2 vfC, called capacity reactance, is expressed ia 
ohms and E ■■ IX^. 

Power and power factor. In an a-c circuit containing inductance or capacity, aa wdl 
as resistance, the product of effective volts and effective amperes (El) does not give true 
power, because the current will be out of phase with the voltage; ti»t is, the marimuTn 
value of current will occur either later than or before the maximum value of voltage. 
Therefore El is the volt>ampereB or “ apparent power." Ratio of true power P to 
apparent power is the power factor. It may be proved that the power factor is equal to 
the cdsine of the angle of phase difference between the voltage and current, aa shown by 
equation: Power factor ^ eoa^ — P + El, where ^ is the time 
difference in phase between voltage and current, expressed in 
angular measure. , 

Fig 11 shows an alternating voltage E and an a o / differing in phase by 
aa angle which means ^hat their maximum or their sero values occur at 
a difference in time of (S -i- 390) T sec, where T is the periodic time of 
one cycle. Fig 12 is a vector representation of these quantities, and con¬ 
ventionally I is said to lag behind E by an ahgle E cos a is the com¬ 
ponent of the voltage in phase with the current, and is called the “active 
component." The useful or heat power ia watts .is P ■> cos ^ 
E sin 0 is the component of the voltage out of phase with the current, and 
is called the "reactive component." Q “ El tin ^ is the reactive power, 
as it reacts on the impressed forces wi thout producing useful work or heat. Total volt-amperes 
or apparent power is FJ ■v/P* + 0** 

Kttovolt-ampere (kra) equals 1000 volt-amperes. 

Calculationa. A corollary of the law of conservation of energy is that the sum of all the true 
(heat) power consumed in a circuit is equal to the input of true power, Po ■■ Pi -H Pa + Ps. The 
sum of all the reactive po wer consum ed in a circuit ia equal to the input of reactive power, Qo Qi + 
Qt -I- etc, and Fofo “ \^Po* + Oo*. 

Kirchhofl'a laws for a-c drcuiti. Fibbt law (for aeries circmta) (Fig 13 and 14) : The sum of aU 
active components of voltage (F cos 0 > IR) in a closed circuit is equal to sero, and the sum of all 
reactive oomimnenta (F stn ^ » IX) is equd to sero. Hence, 

Fq cos ^ El cot ^1 -f- Fj cos ^ + etc 

Fo tin do ■* ^1 d: Fa sin da + etc 

Fo* ^ (Fe cos do)* (Fo sin do)* 

Reactive component of voltage in aa inductance is positive; that in a capacity is negative. 
SacoMD LAW (for multiple circuits) (Fig 15 and 16): The sum of all active components of current 
(/ cos d ■■ ER -i- F*) meeting at a point ia equal to sero, and the sum of all the reactive compo* 
neats (7 sin d EX + F*) ia equal to sero. 

Jo cos do ~ Jl ce» di + Ja 

Jo «■« do “ «'« + h «« da ~ Jo 

Jo* “ (Jo cc* 4o)* (Jo **** do)* 

Reactive component of current in an inductance ia negative; in a capacity, poairive. 


e 



Fig 12. Vector Dia¬ 
gram of Alternating- 
current Voltage 


I—J'— 

Fig 13. Series A-e Cir- 
eiut, with Resistance 
Induotance and Capac¬ 
ity 




Fig 14. Vector Diagram Fig IS. Multiple A-e Fig 16. Vector Dia- 
of Series Circuit Circuit with Resistance gram of Multiple Cir- 
Inductance and Capao- suit ' 

ity 


Ohm^ law for series a-« cireuifs (Fig 13). In a circuit having resistance B, inductive reaota ace 
Xx,, and oapadty reactance Xe in aeries, the impedance in ohms is! F » v7t* + (.Xl- A'e)*, the 
eurrent J » S + Z, and the power factor to»4 B Z. Voltage acreae the resistance BI (Fig 14) 
is te ^lase with the current. Voltage across the inductance JXx, is 00* ahead of the current, and 
the vdtage a cross the capacity TXe is 90* behind the eurrent. The^ oofnMna geometrically to iSds 
«■ + (JKiJ - XeJ)t, which diSets in phase from J by the angle d. theees of cddeb 

tin " (Xi — Xe) + F. 
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MnWpi^ clrciUts (Fig, 10.10). 
branobaa: 

Ccmduetence 

Buaoeptanoe 

Admittanoa 

Current 


In multipte drouite having reaiatanoe and raaotanee in varioiia 

Go ■* fii + + •Z’l* + S| + Zj* 

Bo - Ax, + + Ae + Bi* * 

1^0 * 1 + ^0 - VO^+Bif 
Jo Eq i'o and oo* ^ Go + 


The negative sign is used to denote a lagging eurrent in an iiiduetanee in multiple eireuita. 
iteaonance. If an inductance and capacity are connected in eeriee, the voltagea aeroas them 
are opposite in sign; if equal in magnitude their resultant or diuerence ia aero. Ibia is resonance 
in aeries circuits. If an inductance and capacity are connected in parallel, the two currents will 
oppose each other; if the currents are equal a large current may flow in each, but the resultant cur* 
rent in the supply circuit is aero or very small. This is resonance in multiple oirouita. The phe¬ 
nomenon ia utilised to regulate long transmission lines. The line hss inductance, while near the 
load a synchronous motor ia installed, which can act like a large condenser. By adjusting the 
excitation of the latter its capacity effect is varied until it neutralises the line inductance, and it is 
possible to obtain a higher voltage at the load than is given by the generating station. 


PolyphMe circuits. The single-phaBe a-c system, while simpler to calculate and best 
for lig hti ng purposes, is not satisfactory for general transmission and power purposes. 
This is because: (a) a polyphase machine, whether generator or motor, weighs and costs 
less than a single-phase machine: (b) single-phase motors will not start from rest without 
complicated auxiliary devices; (c) in transmission work the 3-phaee system requires only 
75% as much copper for given power and voltage as the single or 2-phase systems. There¬ 
fore some commercial installations use 2-phaBe, while the great majority use 3-phase. 

Two-phase system (sometimes called quarter-phase) consists of 2 circuits, which are 
usually independent and come from independent circuits in the generator. Voltage of 
each circuit is the same, and it is endeavored to maintain some current in each. This ia 
called balanced conditions. Generally 4 wires are required, though sometimes 3 wires 
are used, but the latter arrangement is undesirable as it causes poor regulation. The 
wiring connections of 2-phase circuit are simple, as each phase is treated as an independent 
single-phase circuit. 

Three-phase system saves 25% of the copper required for transmission line, os com¬ 
pared witli any other commercial system, and is in general use. Theoretically, it consists 
of 3 independent circuits, in which the 3 e m f’s differ in phase by l/j of a period, or 120 
electrical degrees. Since the currents in the 3 
circuits combine to neutralize each other, the 
3 return wires are not necessary, and the out¬ 
going current in each wire returns by the other 
two without interference with regulation. It 
is, therefore, common in 3-phase machinery to 
connect the 3 windings inside the machine so 
that only 3 conductors are brought out from 
the machine. There are two methods of mak¬ 
ing this connection. Fig 17 shows a Y-con- 
neoted generator feeding a 3-phaae line, at the 
other end of which is a delta (A) connected motor. The different voltages in this ssrstem 
have definite ratios as follows: Let E be llie voltage between any 2 wires of the trans¬ 
mission line, and J the current in each line: Generator voltage per phase E + \/3. 
Line voltage (neutral) = F + y/S. Motor voltage per phase = E. Generator current 
per phase * I. Motor current per phase = J -t- y/B. 

Choice of Y or delta-connections is a matter of convenience, except for some exceptional 
pieces of apparatus. To the operator it makes no difference which connection is used, and 
in fact it is impossible to tell without having the design drawings. 

Polyphase transformations. There may be systems of 5, 6, or any number of phases, 
but the 1, 2, and S-phase systems are the only ones used for transmission. Some machines 
have O-phase windings, but these are always supplied by 3-phase transmission lines. 
For methods of converting from one polyphase system to another see Art 13. 



Fig 17. Three-phase Y and A (delta) 
Conaeetions 


8* ALTERNATraG-CUMRENT GENERATORS 

Synchronous generators. Reid structure consists of a number of poles, excited by 
coils carrying ado. The rrfative motion of armature conductors and field stenoture 
generates the vtdtsge. Frequency of the voltage depends directly upon number^ field 
polee imd rev per mia of revolving part. Revolving-field generators malm more effe^va 
tiae of tnati^al than those with revolving armaturee, and are more aamy melted for 
high vrdtagee. Most ganeratOTs of greater ciq>acity dian 300 kw are of the revolvipg^flla 

n—ai 
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type. Ad'raataces: good regulation, high effioiency, and aatiafaotory operstiou in pwraUdL 
Most alternators built at present are separately excited, because' vcdtage regulators are 
now available which are ampler and more reliable thui the Mlf-excited machii^ formerly 
in use. Insuction oshbratobs are a special form of synchronous machine, having a 
revolving-field structure consisting of a spider with bare projecting poles, and one coil of 
d 0 which excites all poles. 

Indoctton generators are constructed like induction motors. The magnetic field is of 
the rotating polyphase type, produced by a o in same windings as the lo^ current. An 
induction generator must always be connected to a synchronous generator, from whidi it 
must receive its excitation. Only a minority of the units of a station may 1 m of the induc¬ 
tion type. Advantage: less violent effects in case of short Circuits. 

Connections (single, two, and three phase). Singie-phase generator is usually about 
30% heavier and more costly than a polyphase of same rating. Two and three-phase 
generators of same capacity and voltage are practically of same dimensions, weight, and 
cost. By changing the internal armature connections any polyphase machine may be 
reconnected as a 3, 2 or single-phaso machine. As transmission by 3-phase currents is 
more economical of copper than by 2-phase or single-phase ciurents, all transmission Unes 
are 3-phase; hence, the 3-phase generator is preferable. 

Vdtage. Alternators are now built for voltages up to 16 000 and 22 000 between 
lines,' either ang^e or pobrphase. For higher voltage, owing to extra cost of insolation 
and danger of damage, it is cheaper to install transformers with a lower voltage alternator. 

Fregueney depends upon speed of rotation and number of poles. If the rotative 
speed of revolving part is given in rev per min, the frequency is/ s® (r p m X poles) + 120. 
Formerly it was found more economical to run alternators at hi|^ speeds. Hence fre¬ 
quencies as high as 133 and 125 cycles per sec were customary; but, as systems increased 
in sise and complexity, high frequencies caused electrical difficulties. Usual frequencies 
are now 60, 50, 40, and 25 cycles per sec, of which 60 is standard in U B. In Europe 
50 cycles are used instead of 60. 

Single phase. Voltage per phase is the same as between lines, and current per phase 
same as current per line. The product of voltage and current volt-ampere rating. 

Two-phase or quarter-phase. Each phase supplies half the rating; thus the voltage 
and current per phase in the machine are the same as the voltage and current per phase 
of the line. The current is 

I ■■ Power output in watts -f- 2 Ep 

where t **> amperes in each line; E volts between lines; p load power-factor. 

Three-phase machines may be either Y or delta-connected. In both cases the rda- 
tion between output, current in mch line, and voltage between lines is the same: 

I B Power output in watts -(■ 

Tests. Principal eommerdal testa on a-o generaton are: resistance, cold and hot; fricUoa; 
saturatioa and core loss; synchronous impedance and load loas; heat run and insulation Friction, 
core loBS, and aaturation tests are made during one run; synchronous impedance and load loss 
during another. For testing, the generator is driven by a small motor of about l/io the capacity 
of the generator. Synchronous impedance is used to caleulate regulation of the generator; results 
of the other tests give the efficiency. Losses are friction, core loae, excitation, armature J^R or 
copper loee, and load loss. Efficiency is tiie output divided by the output plus all loeacs at that 
output. ArmOiure I*R and load loae vary as the square of the load; other loseee are approximately 
emistant. Heat runs m<^ be made operating the generatm under normal load conditions, or 
by a compromise method in which the generator euppliee current to a synchronous motor, which 
runs ftes and is umler^oitsd, the current being wattleee or reactive. Temp of windings after the 
heat ran is determined by comparing their lesiatance at that time with their radstanoe when machine 
was at a known (room) temp. 

Utoal effidendes at full load for different sises of generator .are given in Table 8. 

These values are merely indications and vary with fre¬ 
quency, voltage, speed, power-factor, etc. A 60-cycIe low- 
voltage machine will probably have a better effidenoy 
than a machine of same rating for 25 eyclee or bi^ 
vdtage. 

Regulation of a generator is defined as the ratio of the 
difference in terminid voltage at no load and at fuB. toad 
to the voltage at full load, the field ezdtation being kept 
oopstaat at fuB load value and the qteed bdng constant. 
Exprossed as a percentage, the regulation is 100 (Vs — V) 
•t- F, where V is terminal voltage at fuU load and V$ 
voltage at no load, with exdtation for fuB load. Usual vdue, 5'to 2fi%. 
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OpMaHon. the operation of an a-c cenerator several faotora are eonaklMed: 
EzcTEanoN. generators of the samduronons type (that in most general use), require 
d e to excite their field windings; usually obtained from an exoiteri which is driven by a 
separate engipe, or by an electric motor, or from the generator itself by belt or other 
mechanical connection. Usual potential for field circuit is 125 volts, though some machines 
are design^ for excitation at 250 volts. Since most machines have revolving fields, the 
d 0 is led into the field coils by collector rings on the main shaft. In series with exditer 
and field eirciiit a rheostat is connected, to vary the current in field coils, and thereby the 
excitation and voltage of the generator. Usual power for excitation is from 0.5 to 2.5% 
of rating. Before stabtino a osrrBKATOB its bearings are inspected, cleaned, and oiled. 
Machine is then brought up to speed, and bearings again inspected to see that oil rings are 
running properly. Exciter cr excitation circuit is then put in readiness, and the rheostat 
in alternator-field circuit adjusted for maximum resistance. Before exciting the field the 
armature insulation must be thoroughly dry; otherwise, the armature is diort-circuited 
through an ammeter, and run for several hours at a partial excitation to give about rated 
current in the short-circuited armature. When insulation is thoroughly dry the short 
circuit is removed and the excitation adjusted to give rated voltage at armature terminals 
at correct speed. To stop the machine, load is first removed by opening the circuit 
breaker; then the field rheostat is turned to maximum resistance, as is also the rheostat 
in the exciter field if there is an individual exciter. Field circuit is then opened. 

Pa rall e l i n g of generators. Before connecting a generator to the bus bars (to which one or more 
other generators u-e connected), following conditions must be satisfied; (a) frequency of generator 
must be the same as that of bus bars; (b) frequency of generator, and therefore its speed, must be 
constant for an appreciable interval of time; (c) voltage of generator must be the same as that of 
bus ban; (d) generator and bus-bar voltage must be in phase. 

If two machines have not the same frequency, or if frequency is not constant, a condition wilt 
occur intermittently in which the voltages are 180” apart, or the machines are in series on a short 
circuit, and a dangerous current will flow. If 
voltages are not equal, a large wattless current 
may flow, and if they are not in phase, a large 
power current will flow, causing a mechanical 
shock. Two me^ods are used for determining 
when toeec conditions are favorable for con¬ 
necting the machines together without dis¬ 
turbance; that is, for indicating when the 
machines are in stnchbowism. For synchro¬ 
nising with lamps, the connections as in Fig 18a 
are sudi that toe lamps remain dark when above conditions are satisfied; with connections as in 
Ilg 18b, they will remain bright. If the frequenoiee are wrong, the lamps will flicker (the slower 
toe flicker toe nearer the frequencies). If voltages are wrong, lamps will glow slightly but steadily. 
Stncksohoscopx is an instrument which indicates the relative frequencies and phases of 2 alter¬ 
nators; usually installed on awritchboard of a station, if a number of generators are used. 

Cost and weight. Generators vary widely in their specific weights and costs, that is, 
weight and cost per leva rating; but they may be divided into classee in which these 
oharaeteristios are fairly definite. Conditions affecting specific weight are: method of 
rating, speed, frequency, voltage, and eise. Method of rating is fii nd a men tol. For 
comjHurisosti, rating is taken as the output in kva which each machine will give continuously 
wito a temp rise not exceeding 60° C. On this basis, specific weight decreases os the speed, 
frequency or capacity increases, and it increases with increase of voltage. A-c generators 
are ^vided into 3 classes according to their speeds and purposes: high speed, as turbine- 
driven generators; medium speed, as belt-driven and water-wheel driven; slow speed, or 
engine<<iriTen. Sra TaUe 17, Art 19. 

9. SYNCHRONOUS MOTORS 

Operation. Any alternator will operate os a motor. If two i^cfaronous altaimatoni 
are connected in parallel to bus bars supplying a load, and the driving power is removed 
from one pripie mover, the alternator connected to this prime mover will continue to run 
at opood. power from toA other alternator and driving its own pnme mover 

or otiwr iQipeuatus ooiu>led to it; this alternator thus acts as a motm-. Sp^ of such a 
motor depen ds solely upcm tiie mieed of the genentor or graerators suivly'ing ^eotric 
«ae>sy to it; it is therefore said to run in “qmdliromfln’' with source of sup]^ and js 
ealltt • ^tyndhrimoas motor. The qpeed of a synohnHtous motor having p poles, and 
au|g)liad fidtli ouirwit of a frequency of/cycles per sec, is: r pm 12(lf-b p. Xfloadon 
the aootor inereaeee. igieed will not docrsaae, unless load naohes a vahte so excessive that 
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Fig 18. Connection of Lamps for Synchronising 
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the muimuin output or ‘*paU*out torque" is reached; then the motor will drop out oi 
step and come to rest, while the current taken will increase to short-cirouit value and 
torque will decrease to a n^gible value. Difierence in construction betwe^ an alternator 
and a synchronous motor is that the latter has, in tiie face of the field poles, a squirrel-<cage 
winding, intended to give good starting torque and prevent “hunting" while running. 
Huirrmo defines the occasional undesirable action of synchronous machines, of varying 
in speed, current, and voltage, at a frequency observable in meters. If excessive, a short 
circuit results (see Spedfications below}. A standard 2 300-volt generator will operate 
Satisfactorily as a motor at 2 080 volts, and as these are the natural values of the general 
and delivered voltages, this characteristic of the synchronous motor accords well with 
custcHnary distribution practice. A standard generator may have a squirrel-cage winding 
added to its poles and become a good synchronous motor. 

Humber of phases. Synchronous motors may be ain«^e, 2, or 3-phase. The sin^e- 
phase motor is not edf-starting, and has a conriderably lower efiSciency riian the polyphase. 
It is also more liable to hunt and be unstable, and is therefore far less derirable than a 
polyphase motor. The 2 and S-phase motors are very mmilar in all their characteristics. 

Terminal voltage. Since synchronous motors are usually built with a revolving field 
and a stationary armature, the armature winding can be insulated for voltages as high as 
13 OCX), thus often obviating need of transformers. 

Relations of voltage and current. Relations between line voltage and phase voltage 
are the same as in a-c generators (Art 8). Current in each line of a 3-phase motor is: 

746 

^ “ ' "/-S ' p -7 I where P = output, h p; H =• voltage between lines; e = efiSciency at 

V V 4A COB ip 

assumed load; cos^ « power factor (may be unity). Usual values for efficiency are 
about the same as lor a-c generators. 

Advantages of ssmehronous as contrasted with induction motors; higher efficiency, 
higher power factor, controllability of power factor with constant speed, high voltage, 
lower cost. DiSAnvANTAOEs: need of an exciter, will not start as great a load. 

AppUcadons. To transform from a c to d c, or from ono kind of a c to another differing 
in frequency, potential, or phase relation, motor-generator sets, conristing of a synchronous 
motor direct connected to one or more generators, are often employed (Art 6). The 
potential of the secondary or distribution circuit is thus made indepmident of the variation 
in potential of the primary circuit supplying power to the motor. In certain cases it is 
desired to take power from a 25-cycle circuit and supply power at 60 cycles for lighting 
purposes. Here a synchronous motor-generator set would be used; often called a “ fre¬ 
quency changer.” In some applications of electric drive by induction motor one syn¬ 
chronous motor is installed to make it take leading current, in order to neutralize the 
lagipng current taken by the induction motor. This effect is produced by over-exciting 
the fields of the synchronou-i motor. The motor may be used to drive any machinery 
not requiring much starting torque. Such a motor is a "rotary phase modifier” or 
"rotary condenser” (see below). 

Tests of synchronous motors. The first four tests of an a-e generator (Art 8) apply also to 
oynchronous motors. 

Phase chancteristica, or V-eunres at no load, full load, and any other apecified load. Maehine 
is operated as motor with specified load kept constant diroughout the run. Voltage and frequency 
impressed upon the motor are also kept constant. Current in the field is varied from minimum at 
which motor will operate to the maximum (from 0.26 to 1.8 normal), and the variation in current 
input to armature noted. Readings are t^eu of load, volts armature, amperes armaturS, and 
amperes fidd. A curve is plotted with amperes armature as ordinatea, and amperes field as 
abscimaB. This gives the eharacteristic V-curvea. At point of minimum current input for each 
load the pOwer factor is unity. At lesser values of field current the armature current lags and 
power factor is poorer; at greater values the armature current leads. 

Startiiig. All synchronous motors have a squirrel-cage winding in the faces of the 
poles, wbith engUes them to start as induction motors with a torque of 40% to 80% of 
rated torque. The induction motor action brings the speed up to about 96% of syn^ 
ebronoos speed. Then the field switch is closed and a strong field supplied. This causes 
the rotor to pull suddfmly into exact simehronism. Frequently there, is a " Field 
Breakup Switch,” which is kept open during starting and dosed just before pulling into 
synchronism. This protects the fidd windings from breaking down, due to the hi|^ 
vdltgge induced in them at low speeds. If there is oonsidnable filywhed mass in the load 
it is difficult for the motor to pull into gyndironism. Spedal synehronoua motors are 
avntIhMe tot unusual starting requirements. Attor the motor hM reached synchronous 
'Igptodt the load may be applied and the fidd rheostat adjusted to give miniinuni nrma- 
ttgggigiilyfant, or a leadi^ power faetenr if the motor is dedg^ for that particular operation. 



INDUCTION MOTOBS 


42-19 


ImtaUfttioa stid opmtion. PreoautioDa to be taken in inatallation are the eame ea 
tor a-o generators (Art 8). Direct ourrart must be provided for excitation. If a sj'n- 
ohronous motor is operated on a polyphase system having unladanced ventages, it arill 
take unequal currents in the different lines imd tend to balance the voltages. But these 
unequal currents increase the heating for a given load. 

. Spedffcations. Synchronous motors are rated in same manner as ssmchronoua 
gen^ators, and same heating limits and specifications apply (Art 8). It is customary to 
specify the value of current taken by the motor in starting with no load o^er than the 
friction of its own bearings; or its own friction plus that of the machine to which it is 
connected, in case it is part of a motor-generator set. It is sometimes stated in specifica¬ 
tions that the motor will not hunt, provided the total resistance drop between generator 
and motor is less than some specified value (10 or 15%). 

Dimensions, weight, and costs are given in Table 19, Art 19. 


10. INDUCTION MOTORS 


PrinciplM. Induction motor is a machine having distributed windings, like those of 
the armature of a d-c machine, on both stationary and revolving members. Ope winding, 
the primary, receives polyphase currents from the supply circuit and thereby sets up a 
rotating magnetic fidd. This field cuts the conductors of the secondary winding, induces 
currents in it, and thereby drags it along with the field. The action is reversible; either 
member may be the primary, provided it is connected to the line. That member which 
remains stationary, whether it be primary or secondary, is called the stator; the other, 
the rotor. In U S the stator is usually primary. 

Synchronous speed. Speed of rotation of the magnetic fliuc is called the synchronous 
speed. At light loads the rotor speed is nearly equal to the synchronous speed. If / is 
the frequency of the current, and p the number of poles of motor windings, the synchronous 
I is: rev per min 120 / + p. 

Slip. At any appreciable lo^ the rotor speed is leas than the synchronous speed. 
Difference between the actual rotor speed Nt, and synchronous speed ^ is “ sUp.” It 
may be expressed as a percentage or a fraction: S >■ (fiT — iVO + iV. 

Methods of rating. Amer Inst of Elec Engi recommends that the rating of an indu^ 
tion motor abn-H be the h p which it will deliver continuously at the shaft with a maximum 
rise in temp not injurious to its insulation (Art 1). 

Starting and break-down torque. In addition to the atdlity to carry its rated load 
without excessive heating and with reasonable values for efficiency, power factor, and 
dip, the motor should be able to start such loads aa must be brought up to speed, because 
good starting ability in an induction motor involves certain complications and expense. 
It is importmit also that the motor be able to carry mommitary overloads without 
“baking down,’* that is, gradually coming to a standstill. To prevent this the max 
motor output must be known and should be at least 60% greater than rated output. 

Frequency stid speed. Induction motors can be built for any frequency. The 
higher frequencies are satisfactory where the load never exceeds the normal. Frequencies 
as low as 25 are preferable where overloads are common, or large starting torques are 
required. Rotor speed of an induction motor at normal loads approaches within 5 to 
10% of the synchronous speed, which is fixed by the frequency of the system and its 
niimbar of poles (see above). Hence, for a given frequency of supply circuit, only certain 
npoods are available. Thus, for 60 cycles, the rev per min are: 3 600 for 2 poles; 1 800 
for 4 poles; 1 200 for 6 poles, etc. 


connectioiis. Xwo-phiise or Quarter-phsse motors are usually wound with ind^iendsnt 


phase windings. Three-phase motors are con- 
neoted in Y or delta, depending upon eon- 
vanienoe of designing engineer. In single-phase 
and 3-phase motors the voltage and eurrent 
per phase.are the same as voltage between 
UaCB and eurrent in line; in a Y-oonnected 
Srphaae-motor, the ourrent per phase is equal 
to tins ourrttit, and voltage pe^hase is equal 
to line voltage divided by in a delta- 
conneoted p-phase motor tiie current ^ 
phase is eqdsl to line eurrent divided by Vs, 
aiM roltaim bar phase is equal to line vdtage. 

CurrgMg taken by 'moton. Let: Fo • 
outMt, ;Jr •• current in each Use; « ■■ 
affipaoey daaimal fraetioa;.p ■■ eesp * 


Table 9. Power Faetori and Effidendes gt 
Fidl Rated Load for Pdyphase Motors 



25 cycles 

60 cyolea 

Hp 

Effio 

Power 

faetor 


Poww 

faetor 

1 

0.79 

0.78 

0.78 

0.78 

5 

0.85 

0.88 

0.82 

0,88 

20 

0.88 

0.91 

0.84 

0.91 

50 

0.90 

0.92 

0.87 

0.92 

100 

0.905 

0.925 

0.89 

0.92 

200 

. 0.91 

0.925 

0.905 

0.92 
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|K>w«r tfxtor M • deeiiMl fraetioa; E ■■ voltage between liaee (between one ovtaide wire «ad 
the middle wire for S-wirot 2>phaae line). Then, lor S-pheee: I ■ 373 J*e peS; tot SndwM: 
/ ■> 481 Po + peS. 

Teeting. Indnotion moton mi^ be tdvm an “input-outtmt” teet (Art 3) et working load, from 
whi^ elBcienoyi power^aotw, dip, uid naaximnm output map be determined; or, a no4oadexdta> 

tion and a no4oad abort^reuit teat, from Whiob 
all ehanloterutiee may be ealenlated. ■ The 
former ia aimilar to a atray*powm teat (Art 5)^ 
on a d<e motor, the latter to a reeiatanee 
meaaurement. No-load teata require very little 
power, and are prderable for large motora, 
where it would be expenaive to aupply power 
and inconvenient to dimipate the energy. They 
are equally accurate. 

Characteriatic curvea. Fig 19 ahowa exam- 
plea of the uaual characteriatic curvea of an 
induction motor. Typical break down of all 
the curvea at maximum output ia ahown at 
300 h p. Power-factor curve ahowa relation 
between the true power input and the apparent 
power, or volt-amperea. Low power factor 
involvea no greater regiatration of the watt- 
hour meter, or coat of energy to operate the 
motor, but doea involve poor voltage regula¬ 
tion of the ayatem aa a whole and a larger 
capacity of wiring, traneformera, etc. Apparent 
efficiency ia the product of the power factor 
and true efficiency, and ia equal to output in 
watta divided by input in volt-amperea. Ita 
value determinea the actual capacity of the lino 
and tranaformer aupplying the motor. 

Starting. To start an induction motor 
without injurious heating, a resistance must 
be connected in the secondary circuit, or the voltage impressed upon the primary must be 
reduced. Those methods are known as bhxobtatic contbol and potbutial coNTBOb 
They are also available to control the motor speed. 

Potential control consists in reducing and regulating the voltage impressed on the primary, 
usually by a starting compensator or auto-transformer, which provides 1 or 2 fractional voltages. 
For this the eeeondary must be of higher reeistanoe than with other methods of atarting, but no 
ehangea of connection of the secondary are necessary. Hence, a squirrel-cage rotor winding is used, 
made of one bar per dot, all bars being connected at both ends to solid copper rings. To start tha 
motor the primary ie connected to taps on the oompeneator, which give a voltage of from l/g to S/s 
the rated voltage if it ie a amoU motor, and 1/j to 1/2 >f it is large. A small motor may be brought 
up to speed with this voltage, but a larger one may require an intermediate step. When motor is 
up to apeed (indicated by Uie low, steady value of the current) it is connected to full line potential. 

Itheostatlc control. Better apparent torque efficiency, that ie, more torque for a given current, 
is obtained by inserting in the eeeondary circuit a much greater resistance than can be permanently 
used. To do this a apodal atarting resistance is connected in aeries with each of the 3 armature 
windings, ud a switch provided for ahort-dreuiting the reeiatanee, either step by step or as a whole, 
as tha motor speeds up. There are two commerdal methods. The first is for use only when the 
■. torque required at starting ia not great, in which case the starting resistance may be small and 
placed w^fiin the armature spider. The switch lever is so arranged that the resistance can be 
ehort-dreuited in etepe while armature ia revolving, thus obviating the need of collector rings and 
external connectiona. Second method, for large starting torque, eonaiate ot bringing the 3 terminals 
of the secondary winding to collector rings. IVom bruehea on tbaae rings conductors lead to external 
reaataneea, with steps or taps, so that the resistance can be ehort-drouited gradually by a oontroUer. 

Spond control. Speed of an induction motor may be controlled in 6 ways: (a) By. 
vaiying the potential applied to the primary of a motor having Buitqble pemqanait 
resistance in the necondary. (b) By vaiying the renstance in external mrcuit of the 
eeeondary. (e) By so changing the internal eoimections of primary winding as to change 
the numlmr of pcAeo. (d) By connecting two motora in " concatenation '* (aimilar to 
aoriea connection). That ie, the atator of first motor is connected to the supply, rotor of 
first motor ie oonnected diractly to rotor of the eecond, and stator of second motor is 
treated ae ita secondary, (e) By changing frequency of the applied volti^. Method (b) 
(rheostatie) Je the most gene^ and practical where more than 2 speeds are req^^: 
any f^rqeds^ be obteuned. Method <e) is best where oifiy I motor is available aim only 
2 spMS are'reqiiired. Method (d) requires 2 motors and f^voa 2 speeds; not at^denrabto' 
ag(o). Mei^wd (e) is of theoretical interest only. - * 

'' Induction motors, even in huge Ases, are usually sdf-eontgined; Idw 

n pitft of the e^ T^y era tttber dkeet^cowieeted or 



Fig 19. Characteriatic Curves of a Thrae-phase 
Induction Motor 
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fadted. Bdt drive ie the commoner, einoe an induction ihotor can be built only for a 
definite speed, corresponding to a certain number of poles. Small motors need no founda¬ 
tion, and are often attached to the wall or ceiling, the bearings and end dtield bang so 
made that th^ may be turned through 90" or IfiO", for proper operation of the oil rings. 
Most motors must have reasonable ventilation, free from dust and dirt. For severe ser¬ 
vice, as in cement mills or mines, motors are built totally inclosed (“ iron-clad ’*) and may 
^ then‘be even submerge in water. This increases both sise and cost. 

Operation. Small motors are designed to start merely by closing the mun switch. 
With larger motors, if starting switch is in proper position, potential may be applied to 
the motor, and the starting resistance gradually cut out by the switch. Induction motors 
are very sensitive to variations in the impressed voltage. A decrease from 100 to 80 volts 
will cause the maximum output and starting torque to decrease from 100 to 64, with a 
roughly proportional increase in heating for a given load. Unequal voltages in the 
different phases cause decrease in maximum output, and increase in heating for a given 
output. An unbalancing of 25% in voltage doubles the heating effect at full load; giving 
the same heating as 50% overload. Cam tn btahtxno. Before starting for the first 
time, see that the starting device is in operating condition and in proper position, to avoid 
injurious heating. Wiring must be proportioned to carry the starting current without 
an excessive drop in voltage (see above). 

Faults. Some of the common faults in induction motors, with their indications and remedies, 
.re: Skcondaby ofen-cibcuitzd. Motor will not start, and will not take a current greater than 
xeiting current; probably due to the starting resistance not being connected in. Onb frase or 
bbcondart open-cibcuitbo. Motor tends to remain at half synchronous Bi>eed, although the 
'urrent is apparently normal. If the armature is blocked, the currents in primary will be unbal- 
meed. Onb prase of primaby open. Motor will not start, and current will be unbalanced. Orb 
ASB or PBiUABT BBVBBBBO. Currents in primary will be very much unbalanced when motor is 
running, smd starting torque will be very alight. Suort-cibcuitbo coil in pbiuaby. There will 
be humming when potential is applied tu the motor and ezeewive local heating around the short* 
circuited coil. Vibbation due to mechanical unbalancing is chiefly noticeable at high speeds, 
particularly in high-speed machines. If vibration is due to magnetic unbalancing, it is probably 
caused by inequality in the air gap at different portions of circumference, and at different positions 
of armature. It may be detected by measuring the air gap with taper wedges t < Afferent points 
around the circumference, with the armature in several positions. 

Speeifleatioits. Following memoranda (from Amer Handbook for Flee Engs) will 
assist in framing specifications: Principal characteristics and conditions of service. 
Use to which motor is to be put; kind of load and method of drive; voltage and number 
of phases; rating, horse*power; frequency and speed. Style and description, con¬ 
struction DETAILS. Whether to be open, semi-inclosed or inclosed; requirements regard¬ 
ing pulley and length of shaft; whether rails are required; method of starting; compen¬ 
sator, external resistance or internal resistance; whether motor is to be run at sp^ds other 
than full speed; whether starting deinces are to be supplied. Perforuance and tests. 
Final temp rise at full-rated load; temp rise in 2 hr at 25% overload applied immediately 
after full-load run; efficiency at 25, 50, 75, 100, 125, and 150% load; starting torque with 
full-load current, ft-lb; high-potentiai tests of insulation; requirements as to effect of 
' moisture upon insulation. 

Weight and cost of induction motors vary with type of armature winding and char- , 
acter of mechanical frame and housing; also with speed, frequency, and voltage. Table 18, 
Art 19, gives weights and costs for standard GO-cycle motors. 

Single-phase motors may be of either induction or commutator type. Induction 
TYPE is the commoner, as its constant-speed characteristic is more generally appropriate 
t-liATi the variable speed of the usual commutator a-c motor. A 2- or S-phase induction 
motor may be operated as a single-phase machine after it is once up to speed; but it has 
lower efficiency and power factor, and smaller maximum output than it would have as a 
polyphase motor. Slip, for a gix'en output, is less in a single than in a polyphase motor. 
Because of the poorer operating characteristics, and especially the smaller maximum 
output op maximum torque, the motor must be rated at lower capacity when run smi^e 
phase. A sin^e-phase motor having same frame and wt of iron and copper as a polyphase 
motor will rate at from 60 to 70% of the capacity. Single-phasQ induction motors usually 
consist of standard 3-phase motors with their rating changed; thus a 10-h p, 90-volt 
3-pbase motor would make a typical 7-6-h p, 120-voIt si^e-phase motor. SrARTiNa. A 
single-phase induerion motor has no torque at standstill, and must be started by 
. 8U<di meane as a phaBO-splitting device. A common method ie to connwt a C^paoitOT 
in series with one phase winding of a special wound polyphase motor. This gives a good 
storting torque and improves the power factor under running conditions. Or, a oom- 
mWtor on the rotor may be used, making it possible to operate as a repulsion motw (/m 
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below) haviotf food eterting guelitiee. Aitm reeohing coneidereble q;>eed the b^ualKe we 
reiDOved end the secondary windings are short^cuited. ' 

Commntstw type. • The several tyfies ofraHs commutator motors desigiMd to operate on enide' 
phase oirouita di.ier chiefly in their electrical connections. ’Hiey may be divided into series motors 
and repulsion motors. Both have an armature wound like that of a d-c motor and a eommutatoTi 
SmiaS liOTon is connected Uke a d-c series motor, and has the same wneral charaeteristioi. 
IViadpal difference is that the a*o motor has an extra winding placed in tiie face of the pol^ sod 
eonneeted in series with armature uid field. This winding improves the power factor. Limiting ’ 
feature of most a>o commutator motors is sparking at the brushes, which is much worse than in d-e 
motors. Rspouiow motor has a stationary structure or field (primary) with a completely distrib-’ 
uted winding hke that of an induction motor. The winding may be for any voltage. The arma¬ 
ture or secondary is like that of a d-o commutator motor. The commutator brushes are short- 
drcuited upon themselves, tad are placed at a small angle away from the neutral. This motor 
acts lilM a combination of transformer and series motor, having the variable speed, high torque, and 
runaway eharaoteristios of the series motor. It is started by applying a reduced potential to the 
primary, and is reversed by moving the brushes or by reversing the current in one particular portion 
^ the primary winding known as the exciting turns. RsPObsiOH-niDDCTtOH ttpx of motor is made 
in small siMS to ^ive machinery requiring good starting torque. It is a repulsion motor with extra 
brushes on the commutator, the brushes bdng connected across a portion of the primary. This 
gives a constant spaed characteristic like a shunt motor, and a good power factor. 


11. STirCHRONOUS CONVERTERS AND RECTIFIERS 

Since it ie more economical to transmit electrical energy in the form of a c and more 
convenient to utilize it in the form of d c, some means of converting it from one form to the 
other is deurafale. For this purpose synchronous converters, motor-generator sets (Art 6) 
and rectifiers are available. 

Syochroaous converter, also called " rotary converter," is similar to a d-c generator, 
in wMeh certain commutator segments, or the conductors leading from them, are con¬ 
nected to 2, 3, 4, or 6 collector rings. When the movaUe member rotates, the voltage 
between any 2 rings is cdtemating. Such a machine may-be operated as an a-c generator, 
or as a " double-current" generator giving a c from its collector rings and d c from its 
commutator.' If the rings are connected to an a-c source, the machine will run as a syn- 
chronouB motor, and d c may be obtained from the commutator brushes; that is, the 
machine with but one set of- findings acts simultaneously as an a-c motor and a d-c 
generator. It therefore has the friction, core loss, and excitation loss of one machine 
instead of two: and since the motor and generator currents flow in the same winding, and 
opposite directions, they more or less balance each other, and the armature A/* loss is 
much less than in either a motor or generator alone. 

Converter versus motor-generator. A converter is much more efficient, weighs and 
costs less than a motor-generator set of same capacity, and occupies leas space. But, since 
only one winding is used, there is a definite relation between die voltages of the a-c and 
d-o terminals. Maximum value of the alternating wave bears a definite relation to the 
direct e m f (see below). The converter must therefore be supplied with a voltage of die 
same order as the direct voltage, which requires transformers if a high-voltage transmission 
line is used to supply the converter. Efficiiinct of a converter approximates 93%, and 
of the transformere, 97%; the efficiency of the combination is fherefore about 90%. 
Efficiency of a synchronous motor is about 93% and of a d-o generator, 92%; hence dw 
oombinatidn motor-generator set has an efficiency of 85.5%. If the supp^ voltage is 
greater than 13 000 volts, transformers will also be needed for the motor-generator set, 
the net efficiency b^g then 83%. 

AppBoatton of converters is commonest in electric railway work. Nearly all motors 
for eleetric fraction are of d-c series type, operating at 500 to 600 volts. For this service 
the energy is transmitted over long distances, requiring a high-voltage aKi transmission 
line and converters to link the d-o distribution with the a-c trahsmisdon. 

Pbases sad tiags. Siwout-PBAsa coBvaana bss 2 colleetor ringf, each eonneeied to the wiad- 
iags by as aiaay equally spaced tape ae thwre are pairs of p<dm. The tape for the 2 rings alternate 
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■>t*wul apMw. A dagla-pliaM ,«cttvwi>«r is tharsfor* • Mavsrtw. TmittlispasM onmi* 

TMBVBB kss 8 rises Md 3 dqiisUy spiMwd taps (sss to ssch rise) to svary pair «f patot. A 4<pluM 
or qaartar-phasa eonvartar baa 4 risea aad 4 taps, and a ux-ruMa coMvasns baa t rinpi and 9 
taps«'psr pur of polas. 

HwbI and coavoBttdMwousd canaartats. A eonTsrter aay ba abuat or eoaposnd, i^und, 
dapandins upon tbe aervica. Saria winding ia intanded to maka tba eonvartar taka loading currant 
wban tha load ineraaaasi and thua ineraaaaa tba voltage at tba a^ tarminalai btri tha ratio of tbo a*c 
tansinal voltage to the d~e voltage ramoina unaltered. 

lurarted eonvartar oonverin from d c to a c. It works satisfactorily, but its speed d^wnds upon 
nature of the a^e load. An inductive load in the a-e circuit causes the armature to demagnetise 
the fields, with a resultant increase in speed. It is therefore dangerous to operate an invwted 
converter on an inductive load, unices it is provided with a apeed>limit device. This does not occur 
when tha machine oiMrates os an ans motor, since its speed is fixed by the frequency of tha supply 
circuit ‘ 

Coanectioiis and voltage ratios. The ratio of voltage on the a-c aide to that on the 
d-o side depends upon the number of rings and tsTpo of connection (Table 10). In practice 
the current on input side must be greater than that given in the table, in order to supply ’ 
tbe converter losses, and the a c wiU also vary inversely as the power factor, whi^ is 
taken as unity in the table. There are other losses besides iZJ*; hence practical figures 
for ou^ut differ slightly from those in the table. 


Table 10. Voltage, Current, and Capacity Relations of Converters 



D-C 

gener¬ 

ator 

Converters 

.2 ring 

3 ring 

4 ring 

6 ring 
diamet¬ 
rical 

6 ring 
double 
delta 

I2ring 

t> C, volts. 

100 

100 

100 

100 

100 

100 

too 

A C, volts between lines. 

_ 

71 

61.2 

71 

71 

61.2 

71 

A C, volts between rings. 


71 

61.2 

50 

35 

35 

18 

D C, amperes. 

100 

100 

100 

100 

100 

too 

100 

A C, amperes in line. 

• • e 

Ml 

94 

71 

47 

47 

24 

A C, amperca in winding. 


71 

55 

50 

47 

47 

45 

Relative RJ^ loss. 

100 

137 

55 

37 

26 

26 

20 

Relative output, unity power factor. 

100 

85 

*134 

165 

197 

1 197 

224 

Relative output, i7% power factor. 



99 

U5 

129 

1 129 

135 


Testing. Converter tests are practically the same as those on a synchronous motor (Art 0), 
with the addition of a test on ratio of a-c to d-c voltage, taken at no load and at full load. 

Regulation. A converter, like a aynchronoue motor, may be used to cause a rise in voltage in the 
transmission line supplying it. It is done by over-exciting the fields. The voltage on the d-c side 
will riae correspondingly, and thua the machine may be compounded. For tbis to take place there 
must be considerable inductance between generating station and converter. 



1 3 3 4 8 9 ' 

Pig 20. Transformer Connections and Vector Belstions of Synchronous Convertere 

Operation. .As a eonvterter exerts no appreciable mechanical torque, its structure 
and foundations are light. Fig 20 shows usual modes of connecting transformera to supply 
converters. The transformer secondaries must give a voltage which is a definite fraction 
of the direct voltage derired (Table 10). ... .. . # 

Starling. A converter may be started by either of the methods described^ for 
ehronous motors, or it may.be speeded up as a Aunt motor, and then synchronued mtb 
the a-c supply circuit like an alternator (Art 8). All converters are supi^ied with^a 
“fidd break-up switch,*^ which opens the field circuit in several places to avoid the ^am 
of Ae big^' potential induced in field windings during starting, and to reverse direcu^ of 
fidd current-after the machine is up to speed, in order to reverse the polari^ if neowsgiy. 
This is ueually a double-throw switch with several poles. For nor*^ operatwa A 
itf fihrewn down to,“running" pomtion. To change the polarity it » tfeown vp ^ 
poffition Aiid teft closed o&ly for s moniMit; th^ it is returned to ninnnic 
poritiOil^ deyiob. If a oon^ywter be disoonnec^ fnm toe mom 

■Uj^p^ 'Cfceu|ti etill remadn conneeted to "the d-c circuit, it wal tend to operate, as e 
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d-c motoTi ftiid ita qwed miiJit become daageroaaly lagb. To a^ndd thie * entrifogal 
govemor |d»oed, on the Aait optau the main dK> ewitdieB of ijbe'OcMiyertar. «’ 

Reetlflere. Tlie operation of a mereury-aro rectifier depend* (m the facta thttt: 
(1) a tube containing mercury and mwouiy vapor under low preeeure (leae'ihaa Q.01 
^ving one dectrode in-ihe moroury (tlw cathode) and tito other of some conductor, 

• usually graphite (the anode), offers very high reaistanoe to a current tentfing to flow from 
the mercury to the anode, but (2) offers very little resistaiuse to a current flowing from 
anode to cathode, provided the current is once started by forming an arc inside the tube. > 
An alternating e m f impreseed on this tube will cause a unidirectitm^ current to fbw in 
sq>arate pulses. With two anodes and one cathode, with suitable connections, tiie pidsea 
are largely smoothed out, and with some inductance in the circuit a unidirectional current 
with but little variation is obtainaUe. In practice a S^phase alternating current is'usual, 
with 8, 6 or 12 anodes in the tube, producing a direct current of almost no pulsation. 

Losses. In such a rectifier there is a loss in voltage of 20 to 30 volts, no matter what 
^ woridng vdtage or current, and the product of this voltage and the current used gives' 
the rectifier loss in watts. There is practically no other kws in the rectiW, but'thwe are 
other losses' in the auxiliary apparatus, transformers,' vacuum pumps and cooling water. 
(nrculator. An auxiliary *' starting anode ’’ is necessary. This draws an arc giving the 
initial ionisation to the mercury vapor; after which the working current maintains the 
ionised conditions. 

The anode tank is of et^, insulated from the ground, with eleo connectione to the eevwal 
eleetrodes carried through the tank walls by sjMcial "insulating seals," of porcelain or -a spedsl 
glaas, in which the different materia have the same heat expansion coefficient. This tank ia 
surrounttod by another tank and between them ciroulatea water for cooling. The inner tank ia 
mriutelned at a'vaeuum of 1 to S microns (the upper limit of successful operation being 10 microns, 
or 0.010 mso). by two pumps in series, a mercury condensation pump operating oontinuouily for 
&M adjustment and a rotary pump for coarse work. The latter operates only ooeasionaUy. 

AppUcatloni. Mercury-arc rectifiers are chiefly used to supply direct current to rail*, 
ways at voltages of 6(X) and greater. They are at their best at high voltages, because their 
^fidraey is higher, but operate satisfactorily at 200 volte with a lower efSdency and 
greater bulk and cost per kw. 

Bot-cathode mei^ry rectifier, known to the trade as "phanotron," has a hot cathode of a 
suitable metal which emits electrons, and oontaine a small amount of mercury in form Cf vapor. 
Ti^ operates as a rectifier with much smaller values of current than the pool type, but with diout 
half sa much loss in voltage and therefore with a higher efficiency at low voltagee, and is euitaUa 
for eircoita (rf 128-280 volts, though not yet in very general commercial use. 

Tungor ractifiar is similar to the preceding, except that it uses argon gas in a glaas tube and 
is sifitable fw lower voltages, 00 volts or less, and small currents, 18 amp or leas. *lt is usdiU tof 
charging storage batteriee and ie cheaper. 

Coppar>oxlda rectifier is a very simple device, consisting of a pile of copper platea whose sur¬ 
faces havd been treated in a particular manner. It can rectify alternating voltages of the order 
of a few volts, but has current capacity up to hundreds of amperea. 

18. SLECTSIC POWER PLANTS (See also Sec 16) 

Leeation of an dectrical power plant ia governed by: ’ form of power; distribution of 
load; cost of ground; possibiUty of good foundations; room for extension; oonvenienoe 
of coal, and of water supply for evaporation and condensing; limitation of voltage used. 

' Form of power, whether steam or water, is usually definite determined by local ooof 
ditiotts: Choice between steam, gas, or oil depends chiefly on relative cost of fuel and cf 
i^ntenaace of an oil or gas engine. If steam is to be used, the choice between turbituH 

reciprocating engines is governed largely by sise of units; in large rises the steam# 
turbine costs less per h p and is cheaper to operate, while in small rises tite redproeating 
engine is more eeomnnical. In designing n power i^ant and sriecting the number and 
rise of units, it is important tbst'tbe total capacity be suflSdpnt to carry the maad mum 
load witii mandn, and that it be divided into unite of a rise to carry average load eoonomi- 
caUy. '.Iku^ unit ia usual^ capable of curying 25 or 60% ov^oad fev 2 hr. Hiere 
lA puld be at iMst 4 janits fn a large plant, and nothing is gained by having mero th|n 
8 uidts. A sufficient number of exciters are necessary to carry the peak load, with ono, 
esoiW 4b q?are. Transformert are commonly aiyan^ in iptnips, one group for^aisffi 
gsnsimior. In hs^ro-dectrio i^ants it is often advisable to hutall jt pr 2 steam-ririwen, 
units and boilers, to'.aerve if watwsupidy should fail (see also Sbo, Ml). 

, AHw'aiaflog t$ diroof cmtont Ohoice impends upon length of traxunnission Ime.aad 
euerity. 'For litiiising all the energy n short d i s ta i w e, ’Of*<|yj|ppoBBd^M4 
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•tattofti-d ® & pr 0 f 6 nU 0 , beoftuao dns motora (pArticuUu'ly ill mw*!! (dwiO w® mom coH'' 
vmienti eaaier to control, a;|^ are availaide in greater variety of fwm and oharaeterietiei 
. thw a^ motora. But the voltage obtainaUe from a d-c generator ia limited hy the ooof 
s^tator to about 600; imd, for tranamiaiioh to a conaiderable diatanee by d e, the Quantity 
of copper become prohibitive; hence a c ia used, and with the a^s tranaformer the trane* 
line potential ia independent of the voltage at either genbratora or motora* The 
dividing line between the beat fields for d-o and for a-c plant ia not clear out, and can be 
determined only by careful calculation and comparison of coats. Some inatallationa uae 
a-c generators and a c for tranamiaaion, but these are converted into d c in aub'Ctationa 
near‘the point of utihsation, and at a diatanee from the generating station. When the 
aub-*aiation cost is leas than the difference between the cost of the copper roQuisite for d a 
and for a c, the a*c system with sub-station is preferable. If the a-c system be chosen, 
3>phaae generators are advisable, as 3-phaae transmission requires 25% less copper t b*" 

2 phase or sin^de phase, and there is no advantage in the 2 phase over the 3 phase* If 
, the power plant is for a varied service, including lights as well as motors, the frequency 

riiould be 60 cycles, because incandescent lights operated at 60 cycles are satisfactory, 
while at 25 cycles the Bickering is harmful to the eyes. Transformers for 60 cyol«f are 
considerably cheaper than those for 25 cycles. 

Voltage. The most convenient and widely used voltage for a local power plant is the 
220—^0 volt 3-wh'e system, in which two 110-volt generators are connected in aeries, or a 
220-volt generator and a balancer set provide the 3 voltages. In this case the electric 
lights and,small motors are connected to the 110 volts from the neutral to either of the 
outside wires, while all the large motors receive 220 volts from the 2 outside wires, thereby 
savii^ in copper. If 110 volts were used, either an excessive amount of copper would be 
required, or the voltage on the lamps would vary enough to cause dissatisfaction. For a 
number of large motors, 500 volts is generally used, but the lighting problem then becomes 
difficult, as the lamps must be connected in groups of 4 in series, and if any one of the 
4 bums out, idl in that group go dark. 500 volts is also undesirable in damp places, as 
in a mine, because there is danger of an unpleasant shock, particularly to horses or mules. 
The 220-volt, 3-wire system is therefore brat, if d c be us^. 

For the 3-phaso a-c system the distribution circuits are best run with 4 wires, with 
2(n volts between the outside wires and 125 volts between each phase and the neutraL 
Lights are connected between each phase and the neutral, balancing the load on the 

3 phases as nearly as possible, and 3-phase 208-volt motors used on the 3 phases. 

Lowest standard voltage for transmission is 2 200, which will take care of reasonaUe 
loads within a radius of 1 or 2 miles from the power station, stepdown transformers being 
used to supply the different sections of the area. 

Afrangemeot. It is common practice to divide the power station, if steam or goa driven, into 
two paria, separated by a fireproof, duatproof woll. On one side are the boilera or gaa producers; 
on the other, the prime movers, generators, and all electrical apparatus. In the simplcsst form the 
boilers are set in n'single row along one side of this wall, and the generating tmits along the other 
side, the piping being so arranged that any engine may be supplied from any bcnler. If transformers 
are used, they are generally placed in the room with the generators, but on opposite sideband on 
the lowest level, the switchboard being in a gallery above. Cables from generators to switchboard 
ate laid underneath the floor and running up the side of the wall. 


Switchboards are of 2 kinds: dibbct contbol, in which case the current is carried by 
bus bars immediately behind the switchboard panel, the opening and closing of switches 
in this circuit being effected directly by the operator; and bbmotb comBOL, in which the 
current is carried by conductors placed in brick compartments in the basement, and tlw 
oonneotions are made by electricaUy operated switches controlled by a small relay circuit 
eonxlng from control switches on a benchboard above. If potential is 2 200 or less, and 
, potpser ia less fhan 6 000 kw, direct control is satisfactory and feasible, but for greater 
vedtage or power the remote control system is preferable. 


Switchboard is divided into a number of units, each known u a panet._ There are genaratw 
pxeitar xNuiela, and feeder panels, and at one end of the ewitohboard is a ycdtmeter; mo, in 
aB«-fl atation, asynohroeoope is placed on a swinging bracket, which may be ^tinetly seen from 
any wurt M the switchboard. A circuil-breaker is a switch which opens the circutt when ourreat 
is enseesive; (derated by hand or automarieally by the current itwlf* ***• m^e-up and 

arrangemmi of the different panels may vary greaUy acewding to individ^ ^ **^““*I 
ate eotnmon to aB. as fidlowe. D-o omraBATO* pamm., 2-wire system: I circmt-brealw at top 
board*, 1 aumieter. 1 hand-vriieel f« rheostat. 1 field rheostat back of boar4 1 ein^P^J^ 
vuiiQ switch (or 1 <loubl€ wid 1 pingl^-pold) for ih® oquiUiftr, 1 4*poiiii vcnt® 
laetir pasisptaele. ©-c pwrow pami. 2-wire system: 1 single-p<de oirouit br«^, Jjamme^ 
1 double ^ S s!iMdo*Pols msin switehee, 1 4-point vtdtroeter reem^de, 1 

fianit,, S j^iaM: S ammeter 1 S-phaea wattmeter, 1 field ammetir, 1 double'iMis 
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field ewitoh, 1 faendvhwl for rheoetet, 1 Bynchrooitiug reoaptade. 1 poteatial raooptada, t S^pbnt 
dl Bwiteh, 3 dinoonoeting ewitobes, 2 ourrent traoaformerat 1 potential trenaformer. 1 vdtaetar 
for group, 1 eynehronimr for group. A-c »ubxb oh ovrootMo um I'aitBL, 3>i>ha*e: 3 emmetere, 
1 3-pbaiM dl awitob, 3 diaoonneeting awitcheB, 1 polyphaae watt>hr meter, 8 eurrent tnUiafoinion. 
A voxiTgos mmovultok may be uabd, requiring an indepyideBt paneL • 

Coftt. See Art 19. > 


13. ELECTRIC TRANSMISSION 

Tjrpea. Tranemisdon may be in form of single-phase, 2-phaae or S-phase a c, or as d e. 
Single^hase and d-c syatems require 2 wires; 3>phase, 3 wires; 2-<phaBe, 4 wires. , For 
given voltage between wires the relative weights of copper are: single-phase and 2-pha8e, 
100; '3-phase, 75; d c, 50. Because of the limited voltage at which d c is obtainable, it 
is not applicable to long distances. Single-phase system is used where the object is 
lighting only, on account of its simple connections. For important transmission problems 
the 3-phase system would bo chosen (Sec 16). 

Line drop is the difference between voltage at generating station and at the load. It is 
usually expressed as a percentage of the delivered voltage, and most transmission lines are 
designed for 10% drop when transmitting full or rated load power. In general, the 
weight of copper required varies inversely as the line drop allowed. This is not strictly 
true in te< systems, but is exact in d-c systems, and the relation may be written: 
"W •= 125 PD* + KE^, where IF =• wt of copper, lb; P = power delivered, watts; 
D .■ distance one way, in thousands of ft; K ratio of power lost in line to power 
delivered; E voltage delivered. 

In an a-o ayatem the induetive reactance muat be oonaidered, aa well aa the resistance. Resist- 
anco for a oertaiii length of given aise of wire ia obtained from a wire table, and is prorated for the 
given distance. Inductance in henries per mile for one wire of a transmission ayatem is given by; 
L » 71 X 10~* X logic (3D -I- d), where D distance between wireii, and d • diam of wire, both 
in inchoB. Reactance in ohma is x « 2 w/L, where / ia the frequency. In a single-phase trans¬ 
mission the total resistance and reactance are twice the above values. In a 2-phaso circuit, the 
resistance and reactance per phase are twice the above values. "In a 3-phaae circuit, the resistance 
and reactance per line or per Y-phsae ars used, and these are the values given by the above formulas. 

Lias regulation depends upon: line resistance and reactance, the current, and power factor 
the load. It may be oaloulated by: £o* ipEi -H IR)* -f (IX db qDi)*, where £o ** voltage at 
generating end; I load current per line; p » rot ^ and q » tin 4 at the load; gEi ia negative for 
anti-inductive load; Ei » voltage at receiving end; X » reactance of line; R ** resistance of line. 
For single-phase, Ei is the voltage at the load, and R and X are taken as the sum of outgoing and 
return circuits. For 2-phaae, E\ is the voltage per phase at the load, and / is the curient per phase 
in a 2-pha8e system (Art 7); R and X being taken for the complete circuit of one phase, outgoing 
and return. For S-phase, Bi is the voltage to neutral at the load >.> 0.38 X voltage between linea; 
I is the eurrent per line, or Y current; R and X are taken for one line, one way. This gives Eg, 
the voltage to neutral at generating station. Voltage between lines is then 1.73 Eo. 

Size of wire for an a-c transmission. Select first a wire which gives an allowable 
resistance drop (IR « 5 to 10%), and then find loss in voltage [Do (generator) — Ei 
Ooad)] due to combined effect of R and X. If loss be too great, select a larger wire and 
try again. To obtain a solution in one calculation is too complicated a problem except for 
experts. Remember that the impedance drop in the fine (/Z) is usually much greater 
than the difference between generator and lo^ voltage due to vector rdaiions. Usual 
vefitages for transmiasioa work are: 2 200, 6 600,13 0(X), 19 000, and 33 (XX) volts between 
fines, whether mngle, 2 or 3-phase. A rough rule for choice of voltage is to allow 1 000 
volts for each mile of distance between generating station and load. Usual sises of wine 
are from No 4 to No 0000 BAS gage in eoUd conductors and larger rises in stranded 
conductors (Table 4). Smaller wire than No 4 has insufficient mechanicrii strengtin 
Wires larger than No 0000, if solid, would be too stiff, and would break from the repeated 
bending to which they are subject^. 

' Strsaded canductor. Osgs number or rating of a stranded conduetor is that of a solid eon- 
dustor having smsie eroseesotion of metal. Resistanoe and weight of a stranded conductor nm 
greater for a given leng^ than td a equivalent solid conductor, due to the twi^^ path (and henoe 
greater length) of the indlviduri wires. Actual length of path of the eurrent is inersoeed by about 
7%. In spaeing the 2 nrires of a line, it is usual to allow about 1 ft for every 10 (XX) voUs. 

TtaiMfonBsrr tjdapifMidy coiled atatio transformer, is used to tmnsfonn a o of a gjivsin 
voltage to a hrirar voltage. Single-phase transfoimor ounsists of 2 electridtf 

eirouits, usui|l^1^%'ii0Ve number of turns, interlinked with a common magnetic 'eiredii 
ol iron. is approx the same in both windings, the gumnts are invc^gelif 
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pnqportjonal to the voltes Polyphase tranafcamer is sesentially two «* xiune„ainclO> 
imase trusionnerB,^ xo^e llto a single piece of. apparatus; and so. designed that at toast 
jisM of tm magnetic ^reuit is common to aU the phases. A 3>pha8e transformer hmi 3 
high-tension and 3 low-tension windi!ng8« arranged on an iron core (Fig 21). The wind-., 
by which eneri^ enters the transformer is the pbimaby; that hy which it leaves, 
the BXOONDABT. Since either winding may be connected to the source of energy, these 
terms are not definite unless the manner of connection is also stated. High-tbnbion 
wnronro wd z«w-tbk8iok winoiko are used to distinguish the two windings, the high- 
tension being the one with the greater number of turns. When the high-tension winding 
ih connected to the source of supply, it is a stkp-down transfobwbsb; when the low-tensim 



Single Phase Three Phase Single Phase Xhsee Phase 


Fig 21. Core-type Transformers Fig 22. Shell-type Traneformets 


Classification of trsnaformen. (A) according to operating charaoterietice. Constamt-potxh- 
iXAi. transformers are intended to give an approx constant potential on the secondary side; cok- 
STAMT Ot<8BBNT, to give an approx constant current on the aecondary, for arc lamps. Both are 
deaigned to operate on a constant-potential aupply circuit. Sniuxii TBANaPOBMXns are connected 
in series with the main circuit and receive the line current in the primary. The secondary circuit 
includes only a meter and the secondary current will be inversely proportional to the transformer 
ratio. They are used to step down very heavy currents for purposes of measurement by low-reading 
ammetere and wattmeters. AuTO-TBAMaFORunas or coupxnbatobs, sometimes called single- 
cirouit transformers, consist of one electric circuit interlinked with a magnetic circuit and a tap 
brought ofi from some part of the winding. As the voltage between this tap and either terminal 
of the eirouit is a fraction of the total, a fractional voltage may be secured. Windings on each side 
of the tap are usually proportioned to the current to be carried. Auto-traneformers are deairabis 
where the ratio of voltages approximates unity, as they then require much less copper than regular 
transformers. Potbntiai, bboulatobs are transformers in which the voltage of one member may 
be varied from aero to a fixed maximum, either by changing the direction of the magnetic flux or 
by changing the phase of the e m f of the secondary with respect to that of the primary. 

(B) according to construction. There are two methods of arranging the electric and magnette 
oirouito of transformers, the corresponding oonstruetion 'being called “core-type" and “Bhell-type." 
COBB-TTPX transformer (Fig 21) has a single magnetic circuit interlinked with 2 electric ebouita, 
each eleotrio dreuit containing primary and secondary coils. It is best adapwd to, small sImb or 
high voltages and to oil cooling, and is the commoner. The 3-phaae core-type is a combination of 
3 singte-phase transformers into one, to eave material and space. Shbli^ypb (Fig 22} has 2 
magnetio dreuits in parallel, interlinked with 1 electric dreuit containing primary and secondary. 
Beet for-air eooUng and large currents. Three-phsse shell-type is a consolidation of 3 transformsrs 
into one. 

(C) according to method of cooling. As a transformer is a very compact piece of apparatus, the 
proUem of carrying away the heat is important. NATOXALLY-cooidcn type has no spedal meadh 
of epoling, but relies upon ordinary dreu^tion of air. Only used in very small sises, as for meters. 
In tee oiXi-coonBO, the core and windings are submerged completely in a tank of dl, and are eub- 

'(fivided by ducts so that oil may drculate and abstract heat fpom internal parte. The heat is 
earned to eurface of tank containing the transformer, and then dissipates into tee surrounding ur. 
Tank must be apsdally designed, with deep corrugations or projecting vanee or tubes, to provide 
large air-oo^ng surfaces. In the aib-blast type there are passages through which air is iorced 
by a blower. WATXB-coonxD transformer resembles the oil-cooled type, but a coil of pipe wrying 
running water is submerged in the oil. Transformers artifidally cooled by oil are used when tee 
sise is too great for the self-cooling oil type and no water is available, 
iQil dreulatee (Iwough external coils or taaks, to afford greater cooling 
gurCaoe. . 

‘Txxpiifomer coimpctioiui oommonly used ia lighting and power 
Ig^trice Iim: smoM-iPHABS s'rs'rxic with S-wire secondary (Hg 23), 

^{Standard in hopsehpid lighting with a-c system, tite neutral wire 
■belfig vMNinded on the low-tension side, the primary aide not.being • . 

Ctehnded. tamps or motors iterating at 110 volts are connected Mg ^Kn^hase, 
the neutWtnnd either side. Maximum potentitf between inree-wirs 
any geoondary and ground to 110 votlts, but if either outeide wire becomes groimded • 
ahort-efaYniit occurs on thfit half of the transformer. Twi^PHAe*, or quarter-phay 4-wiw 
ayvtam. The standaHl to essentially 2 independent sinile-i^base sjwtMDS, imka am 
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nmally elaotrieaJly ind«pendMit tbroughoat. Twofoabb S^wire ssrstem Is oo c ss lonaHy 
used for distribution of powef ia smaJl systeais. Botum wl«i is conunoa to both cireuits. 

There may be a slight saving in 
copper, but the chances of unbal- 
aiu^ voltage and bad ragnlatiou, 
especially with an inductive load, 
render it objectionable. Tebsib* 
FHABB Y AMb DBIA'A OONBBOnOMS 
(Fig 24, 25). Transfonnation in 
a 3-phaw ^tem, with 8 siuria- 
phase tiansfonners or one S-phase transfoiiner, having 3 primary coils and 3 second^ 
coils, is accomplished by connecting the primary either in Y or in delta, and the second* 
ary either in Y or in delta. Following x^ations exist between voltage per transfoimw 
winding and voltage between Unes, current in transformer windings, and current in 
lines. Power in the 3 transformers in any case is 3 X 0.58 X FJ ■■ 1.73 SI. TnBBB- 
PBASB OPBN DmwA, ot V-connection, saves expense by omitting one transfonner from 
the delta connection. Is recommended only for low v^tages, as 2 300. Begulation and. 



rrinutrr 
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Fig 24. Three-phase Y Fig 25. Three-phase Delta 

effidmicy are poor, as one phase of the load receives power from 2 trantionners in 
series. Aggregate capacity of the transformers should be 15% greater than the load. 
Two-pbabb to 3-PBA8B (Fig 26). Scott, or T-connection, consists of 2 transformers 
which, on the 2-pha8e side, are connected in normal 2-phaBe maimer. On the 3-pha8e 
side one transformer has a tap at the middle point, tiie other a tap giving 87% of full- 
transformer voltage. Fig 26 shows method of connecting, and the currents in primary 
and secondary with balwced loads. Total transformer capacity must be 15% greater 
than tiie load. 



Fig 26. Two-phase to Three-phase 


Battng la Kva 

Fig 27. Efficiency and Begulation 
of a Line of Transformers 


BfBdeacf is equid to i^e power output divided output plus core loss plus total 
oopper losB. end is very high. "All-day efficiency" is equal to the energy output for a 
day di^<^ ^ input; with short periods of load it is low, because core loss goes on 
whm there is no load. If P is the load in watts for h hr per day, A the cofe loss, and B 
the oopper loss, the all-day efficiency is 100 hP -f- (hP + 24.4 -f kB) in percentage. 

negation is (St — S) + S, where E 9 •« secondary vcJtage at no load and E * seo- 
ondary voltage at full load. It shquld be from 1 to 4% for load of 100% power factorr 
and is poorer for inductive loada Fig 27 shows efficiency and regidhtion at full load of a 
line of tiO-cyde lighting transformers for 2 300 volts. , . 

InstaHatioa. Transformea require no epecial foundations, but merely provirioa w 
aany their dead wei|ri>t. 'They must be in a dry jdaoe, tmleas of the totally e n do a sd 
'VMi^sy'* tfnao They are often idaped on poles. They must be thoroughly coded. 
C^iwifeichb (BeeArtlO.) 
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Balwta t kw is m buSdinc «oat*iiiiB* u cqiiipmtnt for tnHwfotaaiac or oopTortiac iko aiMtgy of 
traimateon into a otmveaiont form f« um in •mall unito,. I^noa (Iw oaarcy may bo oaod •• 
a o or a Hi thore are 2 general types of aubetationa; a e to a e and a a to d m In eiibar aaae t^ 
energy m^^ be diatriboted to ilie varioua eonaumiag devieea at a mneh loirer voltage M***! tbat- 
.^tranamiaaimi, aometimea at a ^ffroent frequency, and aometimea in' an entirdy different form. 
Tlie aubatation ie tnerefore tbe dividing point between the tranamiaaion and distribution ayatams. 
A<i acnetancnT u aimpleat form oompriaea step-down transformara for lowering tbe voltage, and 
incidental regulating and protective devioee. There may be a group of 8 single-phape tranaformora, 
or one 8-phaee. ffingle-pbaae transformers are preferable for moderate aiaea, as th^ require a 
•mailer reserve. Since the transmission aystem is always 3-phaae, these groups provide low-vdtage 
8-phaae ourrenta for different groups of motors, or the individual phases may bO wired separatdy 
for lighting purpcaes. If transmission system is 2S oyelee it may be necessary to instaU motor- 
genwator seta (Art 6) (frequency changers) to give 60-oyole current for lighting.o These usually 
consist oS a synchronous motor driving an alternator. If the distribution asrstem vdtage must be 
kept oonatant, some form of voltage regulator is installed, which will keep the voltage constant' 
on each individual drouit, or on the 3-phase dreuit as a wbde. A switchboard with the neceaswy 
awitehea and measuring insteumenta is requidte. D-c auBaranoir conaiata of atepdowa trana- 
formeie, converters, motor-generator sets, or rectifiera with inddental regulating and prtdeetive 
devicas. The converter (Art 11) is cheaper and more effident than the motor-generator set, end ia 
I- advisable in absence of any local reacon for uaing motor-generature. Converters may be arranged 
to cive oonatant voltage irreepeotive of load, or may be over-compounded. The subatetion t he r* 
Tcetmblee n d-o gemrating station. 

* 

T.lghtiilin anagterg are to protect the apparatus of a station from natural lightning 
discharges, and from “ internal lightning ” caused by sudden changes in current or 
voltage conditions in the system itself. A lightning arrester permits a current to flow 
from conductor to ground, whenever the potential exceeds the normal, and stops this 
current when the excess voltage ceases to exist. This ia usually done by letting the excess 
voltage break down a spark gap, by means of an arc which stops as soon as the voltage 
drops below a critical value dei>ending upon the width of gap. 

Types of arreaters, HoBW-aAV abksbtbb ia aimpleat and ia commonly UMd for high voltagaa, 
but is not aenaitive enough for moderate and low-voltage ayatema. It conaiata of 2 copper rods, 
bant like horna, aaparated by a fraction of an inch at the nearest point and diverging from there. 
The arc starts at the small end of gap, lengthens aa it riaaa, and finally breaks. Tbs “Autovalve” 
and the “Thynite” lightning arreaters are two new commardal forma of the valve type; that ia, they 
can diaeharge a very large current for a short time with a very small inereaae in line potential and 
can shut off this current as soon aa the line potential returns approximately t«> normal. Each 
arrester eonsiats of three functional parts, all in aeries in the drouit from line to ground; (a) an air 
gap, ao set aa to apadng of terminaia that it wiU break down and diaotoga a very large current 
when the line potential riaee to a point 20-50% above nivmal. This initaatea the discharge; (b) a 
set irf porous blocks or diska, made up of finely divided porcelain and carborundum, atacked and 
clectrio^y in aeries. These blocks contain an almost' infinite number of very email gapa and 
rMistanoae in series and multiple, and regulate the flow of current during diaeharge. Each block 
is go^ for alwut 3.000 vdta and enoxigh are put in series to take care of line potential; (e) a quench- 
gap, whose duty is to open the circuit and shut off all current aa soon aa the discharge haa diminished 
to a reasonable value and the dangerous voltage baa been eliminated. 

Funotional part (b) ia always used, but in medium-voltage applicationa (c) may not be uaad and 
for 600 volte neitbar (a) nor (e) la nceeaaary. 


14. BUSCTIUC DISTRXBUnOIf 

‘ * ftfsciplei. Throe fundamental oomnderationa determine the croae-aeotion wd weight 
of copper oonductore for a particular purpose (aee also Art 13): (a) Voltage lost in the lin^ 
IR drop. This depends upon the line current and the leaiatanoe of outgomg and 
.'^turning IiwiWt It is important in affecting the saleability of the eimrgy and desirability 
of the apparatus served. It causes considerable variation in the light given lamps, 
BTid ft vatiation in speed iff motors, (b) Energy lost in the line due to which repr^ 
sente an actual money lose, (c) Current density in conductors. This determinw their 

t«np rise, which, if exoesmve, esusee danger of fire. . . 

( l^Biud leas Ui voltage allowed in distribution syetmns is less than in transmission, le 
varies froths to B% of.the ddivefed voltage. In a d-o system the proper croiM wetio n of 
"oonductor in eireular mils (Table 4) is given by; cm » (21.6 DJ) + ^ whsre D ** dm- 
.pue way, ft; 1*“ current, amperes; « " spedfied loss, toks. In an Spc 
S eitnp due to reslstanoe of wire is usuafly the dctennining factor; rem^ce drop M 
p na ^hl y wsgligihla, bS the wires are dmng close to each other. C^ce heta^ * » ^ 
work depends upon character of ^ ^ 
motors are generally preferable, and therefore d-e mstnoutloti aygisaM aN 
p'anil/liiihllB th # or«t>of Ito converting substation ia too great. 



42 -^ 


EX^CmiOiL ENGINEEBINa 


Examples 

’• 1 rf * , , V 

Bnlm-vtc wyaUm (Fig 98).- ProUea: 80 arc UglttB, raquMne 10 anperaa at 80 vcdta la 
a Ortaite aeriea circuit. Allow 9% loaa. Voltage consumed •• aO X 60 •« 4 000. l«t ft « reabt!* 
anoe per l OOO'ft of wire. Length of wire in thousanda of feet ■> 6 X 6.28 •* 26.4. Voltage Igia 
» '4 000 X 0.03 •• 120 10 X 26.4 X ft; henee ft 0.4S6. Tram 1'ahie 4, tiie nearaet sihe at 

Vire is No 7 B ft 8. 

V 

H -’WO ft " »H ' S SStfr—»> • 

JFIg 28. Series-are Kg20. Multiple 

Distribution Distribution 

Multiple spetem (Fig 20). Problem: two loads at 600 and 1 (KX> feet respectively from distri¬ 
bution center. Eadh load, 10 amperes. Allowable maximum drop, 6 volts. Find else of wire. 
Let ft. -• reeistanee per 1 000 ft of wire. Then, 5 ■■ 20 X 2 X 0.6 ft + 10 X 2 X 0.6 ft; henee 
ft 0.166. Choose No 2 D ft S wire, of which ft 0.166. 

Aafi-pgrdlel sygtem. Problem: find sise of wire to vve a maximum drop (on middle group) 
of 8 volts on loo^ shown In Fig 30. Let A m resistanoe per 1 000 ft of wire. Then, 8 ■■ 80* 
X 0.2 ft -f 20 X 0.2 ft + 20 X 0.2 ft -h 30 X 0.6 ft; henee ft > 0.186. Choose No 2 B ft S wire. 
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Fig 30. Anti-psdrrllel Distribution 
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Fig 31. Tapered-oonductor Distribution 


Tapered coodnettw. Problem; given 3 loads as in Fig 31. and maximum drop of 6 volts, to find, 
aises of wires. Assume drop proportional to distance: AB ^ 2.8, BC 1.26, CD ^ 1416. Then, 

2.6 « 40 X 2 X 0.2 fti; hence fti 0.156 per 1 000 ft; chooee No 2 wire. 

1.25 - 20 X 2 X 0.1 Rii “ ftt - 0.312 " 1 000 . 5 “ 

1.25 - 10 X 2 X 0.1 ft,: " ft, - 0.625 " 1 000. 8 " 

Feeder and main. Problem: given loeds as in Fig 32, and-max drop of 10 volts. Find aise of 
wire. Aseume drop to junction point >i 8 volte (0.78 of total). 

Feeder, 8 » 15 X 2 ft,; Hence fti » 0.266; ^oose No 4 wire. 

Main, 2 - 6 X 2 X 0.2 ft,; “ ft, - 1.0 “ 10 “ 



Fig 32. Feeder and Main Diatribution Hg 33. Three-wire Diatiibution 


Threo-wire gygtem. Principle: at any pven distance from generator the gum of out¬ 
going current# equals sum of returning currents (Fig 33). Problem: Given 3 loads, 
200 and 400 ft from generator, ae shown. Neutral or middle wire to be same sise as out¬ 
side wires. Max drop, '5 volta. Let R be resistance per 1 000 ft. 6 ^ 10 X 0.4 R -f* 
10 X 0.2 B -f 15 X 0.2 henee R *■ 0.666. Choose No 7 wire. 

CoBstruetton. Distribution systems may be overhead or undergrouild. Under¬ 
ground system costs about 5 times aa much to histall aa the overhead, but less to maintain. 
Steel poles are used for high voltage or regular transmission systems, but wooden poles 
are satisfactory for ordinary distribution. Cedar, chestnut, pine, and cypress are good, 
costing $10 to $20 per pole, according to location. They are usually 36 to 40 ft long, 
have a’taper of 1 in in 5 to 8 ft, are 7 to 8 in diam at top and set 5 to 8 ft in grdund. 
Spans, from. 76 to 126 ft. Poles are guyed to anchors on curves, at ends, and at erw^ 
20t)h pole, to take care of breaking of whes. Glass insulators on cross arms are used for 
iDodftrate voltages, porcriain insulators for higher. In strinpbg wires, gag must his 
adiiMted with referisnos to tbs temp; a lar$e sag in gummsr, ssnldi |a winter. 


In titiM mcet of the ^ttibution is Isidundteigroaad in elaborate eoi^ts, wlilah are exjjssMhre 
and nnaeeamsry for mining work. Good resulto are obtained by laying a laad-enyered doabla 
osnduetor eg^in a diallow trench and coveiiRg it with eertb. ■ 

IsderlocwhiMinfbulldingt. Defiidte awthoda, practiom, and rsgnlatioBs eoveriiw iaatsOillaft 
.ol diatidbutiag circuita are baaed on fidlowing oonaiderationa: (s) aveadanee of duigSr mnnnfe W 
dak di'osk; ,(h) Umitidion of lom of power and anSrgy; (e) malnta^ea of rgaapnably 
vdl(eiie.at load; (d>'aaauranee., 0 f rseatHnbte jnediai^oat atreagA; (a) aempliaim sdm Isjw 
apatids inguiatioM ^ahoabd votffaaaa: for lighting and laouantal powar, lOOto ISS TaHs;wr 
poMrJHHl HUMjag eo 8-wire ayatsm, 220 M 280 Telte;fer power atone. 880 volts. Usual a»m*Bi|ae. 
||ij[WQp ttM|j«li4tog wiring, Local, mmanom te be obsttvsd: National BtoetetoC^ lor 
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lobtabdac fawwaiiM on buiMinas: Muaieipal Inspootioa In dtiao; roculntioBa «{ loori jl^t wod ■ 
Pvmr Go. if oanrcy io purohaMd. 'I'TImm roculntiona wo oo oUbonto that any wio oapemac fo-bo 
noponaibla for an inatallation of wiring must be Oequaintad with the Matiomd Eleobrio Coda, on 
whid^mwt of tho other regulationa are based. Au.owan.B ouxawrxcana'riMo OAPactvy o» wtita. 
Viduw given in Art 8 are for rubber-oovered wire installed indoors. For other inatdation. and tot 
tttcfriw work, somewhat greater cun'ent is allowed, tn laying out a distribution system, a etnMiOT 
On FCen must be inserted at every junetion where sise of wire changes, and there must not be more 
than. WO watte in lampe on any one fuse, larger motor loads are csr^ for by a cincutT-BiMSKan. 

Modwds of indoor wiring. Opbn winuro om cueats. Wire must be insidated with material 
rmiating fire, and dampness and corrosive vapors, if present. Wires must be separated from eaoh 
other and from any nearby aiuface by specified distances and the dents may be spaced not more 
than 4.5 ft apart 0oeal regulations). No 14 is the smallest allowable wire. MoLdimo, either wood 
or metal, may be used to hold and protect wires, if difference in potential does not exceed 300 vdta 
and the power transmitted is within specified limits. Knobs and tubes. If not prohibited by 
i^weisl regulations, wires may,be attached to knobs and run through wdls in porcelain tubes; a 
cheap form of wiring. 

Conduit.. Beet but most expensive method is to run the wiree in conduits, built into the walls, 
floors, or framework of building. Conduit may be lined or not, which has a bearing on amount of 
inatdaticm required on the wires. Conduit may be rigid or flexible; the former is better and more 
expensive, and ie often required in large cities. Abmobbd cable, commonly known aa may 

be used in buildings not provided with conduits, and where very reliable installation is required. 
Lead-ermored cable is us^ where' dampness is expected. 

Metdring. Charges for electric energy are baaed upon the kw-hr, which it the total 
integrated amount of energy delivered in 1 hr to a circuit in which the average power ie 

1 Cost per kw-hr varies from in large quantities, to 10 and 15^ for small quantities.' 
The ampere-hr ia not an accurate measure of energy, unless the circuit voltage remaina 
absolutely constant. See also Sec 16. 

Inatrament used for measuring electric e&ergy is the wati-hr meter, sometimes called 
integrating wattmeter. Electric connections are similar to those for wattmeters used in 
measuring power. Msabubement or total power or bnerot: (a) in d-c or sincJe 
phase a-o circuit, by one meter having its current coil in series with the load and its poten¬ 
tial coil in parallel with the losul; (b) in a 3-wire d-c or in a 2-phase 
circuit, balanced or unbalanced, by 2 meters connected as if in 2 1 

independent ringle-phase circuits (total power being the sum of the I 

2 readings); (e> in a balanced 3-phase system, by 1 meter connected | n 
in 1 of the 3 receiving circuits (its reading being multiplied by 3) or j 
by 1 meter connected with its current coil in 1 of the line wires and 111 
its potential coil connected from 1 line wire to the neutral (total p.^ Power snd 
power being obtained by multiplying the reading by 3); (d) in a Energy in Thres- 
3-phase ss^stem, balanced or unbalanced, by 2 metdrs, connected as wire Distribution 
in Fig. 34. Total power is the sum of the 2 readings, if the power 

factor be greater than 0.5, or the difference of the readings if it be less than 0.5, in which 
case tbe potential leads of 1 meter must be reversed, to bring the pointer on the scale. 

Watt-beur meter comprises 3 parts: (a) a small electric motor, of commutator, mercury and 
disk, or induetioa type, whioh runs at a speed proportional to the power; (fc) a brake or genera^ 
system, usually consisting of an aluminum disk revolving in the field of permanent magnets to ipve 
n drag by eddy currents proportional to the speed; (e) a train of gears driving pointers for recording 
number of revolutions. While the type of motor varies with tl»e make and purpose of the nMtor, 
riie broke and recording devices are common to all. Comhctatob ttps; consists of a small d-o 
motor, tho field being excited by the load current in current coil and the armature connected in 
potentiai coil carrying a current proportional to potential. It is operative on both d-c and a-o 
cirouita, but is used only on d-c, the induction type being cheaper and better for a-c. . Mmcobt- 
VOTOB watt-Iv meter contains a motor consisting of a disk of copper or aluminum floating in a ww 
of liquid mercury. Main current .is led to the mercury, but passes through the disk because mto 
lower reeistanoe. This forms an elementmy armature. Potential coils are on m iron core; tMy 
form tho motor field and [woduae a torque in the armature which revolvee it. Operative on bow 
a-e and d-o drouits, but the induction type » preferable for a e. lH»nc?noM ttfb wat^hr meter m 
dmiiar to a 2-phaM induotion motor, the current coils forming 1 phase, the potential coils tno 
other. This givee a rotating magnetic field which drives a metal disk rotor. Operates only on a o. 
Cheaper than rither of the other types, and more reliable and accurate., Poltph«b wat^ ^rR 
metier eontains 2 current odls and 2 potential coils, connected aa 2 wattmeters would m wnneotew 
birt botbigiainenta act on eame shaft ahd drive same set of gears, thus mec^mcally taking otn ox 
ttoy poeitiyo'And negative readings in either element, and giving correct total enwgy In one reaatng. 
.SMoMniM.aeingle-pfaaae watt-hr Vfmtor is used on a balanced 8-phase dreuit (such aa one mnwuung 
motors i^y). Ita ourrent odl jp Oonnected in one line, and Its potential foil “ o^ROftod bmwim 
one Ean.s;^ n neatral obtdae^' by connecting 8 equal high recistances in Y. Total enmgy la » 
dUfril. ^:r«ndiat:. ' 

IfiMir trtHdtrllT In dwdlings it should be 50% pf the total capacity of the ocRXUctwi 
itumlt ip f^loegi 76%; for fdeyntow, hoistg, etc, 160% erf the bad. 
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ixMten must be iutaUed on a rigid mpport frM hem vilmtioa, 
tmvt be level. They riiould be at leeet 15 in betwMn oenten. and muet not be gear 
Iron girdera tua ateam pipea. nor coaduotora carrying large oigrrenta. They ttpM be 
protected from medumioal shook, weather, heat, dirt, Termin, and dampneaa. 

8our<;e8 'of error. Adjoatmenta are provided to take care of normal Motion htfa. 
Variation in Motion of brushes or bearings causes error. Mechanical diock, dirt, or 
may alter the friction. External magnetic fields cause variation in adjustment. 
Zn induotion meters VBuriations in frequency, voltage, or load power factor may ca u se a 
alight error. Meters diould be inspected and calibrated at least once a year. To oau> 
Baara a watt-hr meter, connect it to a constant known load and count revolutions of the 
dfsV per min. Note the constant K painted on the disk, and substitute in formula: watte 
M 60 r p m X iC. 

16. ELBCTBIC UGHTENG 


Light distribution follows the law that the intensity is inversely as the square of the- 
distance, providing the greatest dimension of the light soiu-oe is less than 0.1 of the distance 
between source and object. 

Definitions. Intsksitt of light is the relative amount of luminous energy given by 
any source and is measured in candies or candle power. CANnnn power (c p) is a measure 
of light intensity, determined by comparison with a well-seasoned incandescent electric 
lamp, that has accurate^ decked with a standard lamp at the National Bureau of 
Standards, Washington. lUiUioNATioH is measured in ft-candles. One ft-candle is 
intensity of illiimination on a surface 1 ft distant from a source of one e p. At 2 ft distance 
the illumination would be 0.2S ft-candle. Light is the means; illumiaation, the end. 
Ibtbimbxc BBitiUANCT of a Bource is measured in o p per sq in. When excessive it is hann- 
ful to the eye. Intruudo brilliancy of tungsten lamp is 1 000 c p per sq in. A light source 
genen^y gives different intensities in different directions. Hence, cp means nothing 
unless direction is specified. Mbak borizontal candlb powbr (m h o p) is the average 
0 p of a lamp in all directions in a horizontal plane passing through center of the source, 
and is usually obtained by rotating the lamp about a vertical gxis. Mbab spbbbxcax. 
CAMDUi POWBR (m s 0 p) is the average c p of a lamp in all directions, or the q p of a uniform 
source giving the same total flux of light. It is directly proportional to the total light 
given by the lamp, and is measured by taking intensity readings in all directions, or by 
placing the lamp in a hollow dull white sphere and measuring average 
intensity. Flux of light is measured in nvHEire and is the quantity 
emanating from a source of imit intensity (one o p) and contained in a 
unit-soled angle. There are 4ir or 12.56 lumens emanating from a source 
of unit intensity and 12.56 N lumens from a source of N spherical c p. 
Luminous effic is expressed in lumens per watt consumed and is from 
10 to 20 in modem incandescent lamps, the higher values for the lar^ 
lamps (see mfrs guarantees). 

In applying the laws of photometry to the ealculation of a problem 
in illumination certain qualifications are necessary; source of li|ht must 
be small compared to the distance of the object illuminated; luminous 
surface must be at right angles to the line of direction from the object 
to be illuminated; reflection and refraction.must be negligible. The most useful and 
general application of the law is expressed by: /a ■■ (c p -i- cos* a; where /a** intensity 
of illumination in ft-oandlos at a given point p (Tig 85) on aliy horis j^ane; e p « 
intensity of light source in given dirmtion, expressed in candles; ff •" bright in ft of lamp 
above horis plane oontaining point p; « ai^e from vertical. 

Oeawal fllBinlnatioa of reasonable intensity (0,5 to 1.0 ft-osndlee) facilitates a genersl view 
and perspective of the surroundings, while a greater intensity (1 to 5 ft-c) facihtates reading or 
work. In mmsBP nxmaBATioM light oomee from all directions, oastiag no deep shadows: 
extreme diffusion gives Sat fighting and may be monotonous. To protect the eye some diffusion 
is usually desirable, for it tends to remove faring refiection from objeeta in view; thus, when reading 
froip riaaed paper or working on polished metals light most not be strongly directional. In mhaor 
SJb'cnoMAnoH, ahadoWi are dark, eontrasts great, and forma are olearly outiinad. Deiaile are beet 
bipught out by a light riob in the color oorreeiionding to that of the object viewed. ^ Dnae* uobV' 
ma uidi sends most of its fight at once to the object to be lighted. Sua-nrozaaor unit finqslitr ei 
a d iff i i ei ng mediwwi between the lamp and the object, which direete most of the l^t to the w^ 
and eeifing, from which it is refleeted, To«axa,t imanner unk direete all liaht from the lamp to 
tiia walla eeifiiig, from drhich it is reflected. While more liihtfi leet Witii the indfreot weteto it 
i$ easier on the eyee, glare is avrided, the eyes are more eearitive, and vieion »improved., . 

^ flfibb are generally in large units <1000 e p), are among thd most efirisnt aottross, 
IVB Ipgh first cost gad hi|^ m aint en a nce cost, compart to iaosodepoent Iffmjps* 



Fig 86. Law fw 
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lumination 
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Th^ cerate oa dther d-o or m dreuita (bat are not interehancaable), tnd masr ba of 
sMua or multiple tgrpe. Tha d-< lamp la usually a little more effidant aud more laliatda 
• than the a-o. Sisiiuia-TTPB abcb are in Mriea on one oireuit, aupplied by a eenarator or 
tranrfonne r da dgned to give a constant current irrespective of the lamps ha operation. 
MupneUB-^rmn ABoa operate dther singly or in pairs in series, on the up i a l oonstant- 
potmtial drouits with motors and incandescent lamps. Arc lamps other than the mer> 
cury and sodium-vapor type are becoming obsolete. 

Marcury-vapor lamp is used on d o multiple circuits; 110 volts with individual auxiliary 
starting and regulating device gives a blue green light, an efiBc of 16 to 20 lumens per watt 
and comes in units of 300 to 600 watts. Sodium-vapor lamp is a new development, 
pwiicularly adapted to hii^way lighting. It requires considerable audliary apparatus, 
gives a srdlow liidit and Has very high effic. •Operates in multiple on 12&-volt a c drcuits. 

Incandescent lamps are made in many forms and sises and for many voltages and 
currents, for operation in multiple or series. The multiple type for 115, 120 or 126 volts, 
either a c or d c, is the most common. They consist of a coiled filament of fine tungsten 
wire, enclosed in an inside frosted bulb containing an inert gas, nitrogen or argon. 

Ratiag of incandescent lamps. All multiple lamps are now rated in watts input, and 
in lumens rather than candle power; thus the 26-WBtt lamp gives 250 lumens; the 40-watt 
420; 60-watt, 760; 100-watt, 1 600. The useful life is from 1 000 to 1 200 hr; that is, 
at end of this time the output of light is reduced to 80% of the original value. All incan¬ 
descent lamps are very senritive to variations in imprewed voltage, respecting life, as wdl 
as effic and candle power. The smaller sises give 10-16 lumens x>er watt when new. 

Fluorescent lamp consists of a mercury-vapor aro in a tube with fluoresoent or phos¬ 
phorescent coating, which gives the light a wide range of agreeable colors; it operates on 
a 0 or d c, more efficiently on a c. It is more efficient than the incandescent lamp. 

Fixtures, known as lumimures, are very important. The direct type sends all the 
light downward, the indirect type sends the light upward and depends upon a good, 
reflecting ceiling. There are many intermediate types. Utilisation factor of a fixture 
for a room is the ratio of the useful lumens of light delivered to the working plane to the 
total lumens output of the lamps. It varies from 0.15 to 0.72; mean value, 0.5. The 
reflecting qualities of the surroundings have an important bearing. To determine the 
number andVating of lamps required: P AE u, where F ■■ total lumens required; 
A B horis area to be illuminated, sq ft; desired illumination in ft-c (Table 11); 
u » utilisation factor for the particular surroundings. Choosing the number of units 
desired, based upon the uniformity of illumination required, gives the lumens per lamp. 

Cost per hr of supplying a given illumination comprises cost of lamp and of energy: 

C •• ^ ; where C « total cost of light required, cts per hr; P ■■ price of lamps, 

Li 1000 

ets per lamp; n ■■ number of lamps required obtained as above; L * aver life of lamps, 
hr; w watts per lamp; K ■> price of energy, cts per kw-hr. 


Interior niamiaatioB. Interiors are generally illuminated by incandweent lamps on multiple 
circuits, and to supply general illumination of even intensity a number of medium sise unite (60 to 
250 watts) are usually preferable to one large unit. Units should be placed or shaded so as to be 
out of line of sight of eye. Best method of distribution is to divide the room into equal ^uarce, 
having sides of 10 to 20 ft, depending upon degree of illumination desired and heifdit of ceiling, and 
placing a source of light at eeiling in center of each square (not at corners). The side of each squm 
should not exceed twice the height of the lamp above the working plane. Any local concentrated 
illumination may be proidded by special local fixtures. Diffusing globes should ^ used on all 
lampi in line of vision, and frosted lamps in all fixtures unless completely shaded. Customai^ 
criterion for good interior lighting of factories by Masda lamps is to supply 1 to 2 watts *• 

of floor space; the higher value when work is exacting or walls are of dark color. This is based on 
aniUumination of from 8.6 to 7.0-lt candles on a plane 30 in above floor, using tungsten lamps. 


Table 11. Uiual I&tengitios of Dlomination (Ft-candles) in Plants, as Mins PIsnt 


1 

Bervioa 

Ft-eandles 

Service 

Ft-oandka 

Desk work. 

8-30 

3-5 

Sted works: Unloading yards. 

Open-hearth floon. 

2-5 

4-10 

Lossl bondv lor fins work. 

IxMsl bsach, for cosne work.. 

MseWns tools....... 

Pattna shops ... * . 

25-tOO 


2-S 

4-10 

0-20 

10-20 

10-20 

DWre ihawing. 

Threading, pipe miUa. 

3-5 

2r% 

2-5 

, Ti ------ 

3-5 




Mfal4 UgUing. Tunnels, shsft ststiona. and aU placea or tramc. ars ue««y 
fiCMebtt Mudalvnpe, «|th wsathwproof sockets sad sled porodain enund refleetws. In 



















SLECTRICAL ENG^BERINO 


42^4 

tniaiM lamp* an endbaad In haavjr vapoMiglit i^aaa globn protaeted by Iron tuanb. 300 to 300- 
volt drouiti ara uaed in jainaa. for wUtii volta«e lampa ara availalfle> Workins plaeea may ba 
ligbtod by portable atorage battery lampa, carried on the cap with aeparate battery or in the hand 
with haftary oombmad (Hoc 23, Art 10). To be approved by the Bureau of Miaea thaaa lampa 
muat ba frn from poaubillty of icmtuxt gaa, muat be of Ught weight (not over S lb) and muat not 
apill oi' leak eleatrolyte. They must illuminate a 7-ft drole, give about 0.7 o p, and an uauaily few 
2 volta (Bureau of Minea SchediUe 6). 

Raflectora ahould be ua«^ with all lampa. Reflector for arc lamps for general lighting is ap 
Infagral part of lamp, and deaigned to throw the light downward and outward. Refleeton for 
iaeandeaoent lamps may be extensive, intensive, or focussing; extensive throws the light downward, 
within a solid angle of about 90”, intensive in an anfdc of 60”, and foeuaging in an angle of 60 to 40”. 
Industrial nfleotors may be made of white enameled ateel, aluminum, or painted metal; for interior 
use, plain ^aaa or prismatic glasa Latter uses the principle of refraction to send downward the 
rays that would normally pass through the glass. Refleeton and lamps must be cleaned regularly, 
to prevent loss of efficiency. Tungsten lamp should be cleaned while the current is on, aa there is 
lass liability of breaking the filament. 

16. APFUCATIONS OF ELECTRIC TRANSMISSION 
TO MINE SERVICE {See Sec 16 for details) 

17. ELECTROCHEMISTRY 

Eqoivilent wgight or ehamicgl equivalent of any substance is its molecular weight 
divided by its highest valency: thus, equivalent weight of copper in CuS 04 is 31.78, 
being the atomic weight of copper 63.57 divided by its valency 2 . Equivalent weight of 
the SO 4 radical is [32.07 -f- (4 X 16)] -i- 2 = 48.03. Equivalent weight gives the relative 
weights of various substances deposited in electrolytic work by a given current. 

Oram molecule or mol is the number of grams of a substance which are equal to its 
molecular weight; thus,' 1 gram molecule of CUSO 4 is 159.64 gm. Gram squiVAUBNT is 
the number of grams of a substance which are equal to its equivalent weight; or to its 
mol divided by its valency. The gram equivalent of CUSO 4 is 159.64 -i- 2 ■« 79.82. 

Bloctrolyte. When an electric current passes through certain substajices, chemical 
action takes place at the points where the current enters and leaves the substance. Such 
substances are called electrolytes and the chemical action produced is electrolysis. 

Electrodea are the conductors by which the current enters and leaves the electrolyte. 
Anodb is tile electrode by which the current enters; cathodb, that by which it leaves. 
The anode is connected to the positive terminal of the generator. Hydrogen and metal 
atoms of salts flow to cathode and ara called catkionb; oxygen, and acid and basic radiqals 
flow towards anode and are called anions. All anions and cathions are called ‘‘ions.” 

Elsctroehsmicsl equivalent of an ion is the mass in gm of the ion which would be 
deponted by one coulomb (Art 1) of electricity. Eubctbochshicai, constant or faradat 
(F) is the number of coulombs required to liberate one gram equivalent of any ion; value 
is 06 450 coulombs for all ions. 

Fanday*s Lews. Quantity of an electrolyte decomposed by an electric current is 
directly proportional to total quantity of electricity which passes. Rate of decomposition 
is directly proportional to current. Quantity decomiioBed is theoretically independent of 
voltage, ourrent density, sise of electrodes, and concentration of electrolyte. In praetiee 
local reactions cause deviation from this law. A given quantity of electricity always 
deoompoaes equivalent weights of different electrolytes in definite proportions for different 
elements. Total weights of different substances deposited by a given current in a given 
time ate proportional to the equivalent weights of those substances. Some elements, as 
copper, may have different valenciee in different combinations. Wtiitiit of such sub¬ 
stances deposited is inversely proportional to the valency. 

Bectrochemteal equivalent of a soBstANOB is the number of gm of the substance 
deposited by 1 tunpere flowing for 1 sec. The ampere is the unit of electric ourrent, whish 
will deposit'0.001118 gm ailver in 1 see. For calculating weii^ts deposited by different 
eurrents in commercial practice it is more convenient to use the value of grams depotited 
by 1 ampere in 1 hr (Table 12 ). 

The electrochemical equivalent of any ion may be calculated by dividing the grqm 
equivalent of the ion by the Faraday. Thus, grams deponted in 1 sec by 1 aimpere eqpials 
the iptun equivalent of the ion 4 - 96 460. Weight of any substance in gm depoait^ in 
1 hr is obtained by multiplying the values given in Table 12 by Be cuifmt In amperes. 

Decotepotittoa or critical voltage is the minimum potentiri whieh most be impressed 
to eguMjABonpoaition of a substance. With teaser potential no action tiJcss flaee; 

potentials aetiem is proportional to current. Thie value depettdM upott' c h am 
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TaMe lA Bt«ctroclMiBic«l Etnivalaats of Commoii IB^eaioats DonoaltoA p«r Animo^ 



Grams 


Grama 

Ahuninuin... 

0.337 

2.981 

0.7476 
1.322 
2.371 
1.166 

7.36 

2.453 

0.0375 

1.042 

0.6944 


3.865 
0.454 
1.093' 
0.2984 
3.640 
4.024 
0.8576 ’ 
.1.107 
1.219 

Bremune..... 


Calciuni.. 


C2iIorine... 


Copper (val » I). 

“■ (val - 2). 

Platinum (val •> 2). 

Silver. 

Odd (val - 1). 

5W^iim. 

“ (val - 3). 

Hsrdrogen. 

Tin. 

Zinc. 

Iron (val ■ 2). 

" (val - 31. 



Table 13. Decomposition Voltages of Solutions used in MetsUurgical Industries 


■ 

■ Volts 


Volts 

Aflid, hydrnchlofic. 

1.31 

Hydrate, potaseiunk.. 

1.67 

•* nitrin , .. 

1.69 

“ Budiuin *..... 

1.69 


0.95 

Nitrate, lead. 

1.52 

* perchiorir. 

1.65 

" potaseiuiTi. 

2.17 


1.70 

“ silver. 

0.70 

“ sulphuric. 

1.67 

" sodium. 

2 15 

r^hlnridfif nirkel. 

1.85 

Sulphate, cadmium. 

2.03 

Chloride, sodium. 

1.98 

“ nickel. 

2.09 



" sine. 

2.35 


Values given in Tables 12 and 13 are useful in checking efficiency of any electrolytic 
action; for, with these constants, the theoretical value of grams separated i>er kw-hr may 
be calculated and compared with the results obtained in practice. Thus, if A is the 
value of grams deposited per ampere-hr (Table 12), and B is the critical voltage for that 
substance (Table 13), then the theoretical grams per kw-hr = (A -5- iJ) X 1 000. Exam¬ 
ple. Copper is deposited from a cupric solution at the rate of 1.186 gm per ampere-hr (A), 
and requires 1.59 volts to maintain the action (.B). Therefore the maximum possible 
recovery is (1.186 X 1 000) -f- 1.59 -■ 748 gm per kw-hr. Similarly, sine is decomposed 
at rate of 1.219 gm per ampere-hr (A), and requires a critical voltage of 2.35 (B). Hence, 
a primary battery consumes a minimum of (1.219 X.l 000) 4- 235 <* 520 gm per kw-hr. 
The kw-hrs required to deposit 1 Ij^g of material are given by the formula: kw-hr »■ B 4- A 


18. BATTERIES, STORAGE AND PRIMARY 

Lea4 storage battery consists of 2 lead electrodes in dilute 11x804. The positive plate 
has lead peroxide supported by a grid of pure lead; the negative is lead sponge similarly 
supported. The chemical reaction is: 

PbOs + 2 HiS04 -I- Pb - PbS04 -I- 2 HjO -I- PbS04 

+ plate — plate + plate — plate 

(charged) (discharged) 

Reading from left to right gives the action of discharging; frotai right to left gives 
charging. There are 2 types, the Plant6 and the Faure. Plant* type consists of plates 
of pure lead with surface area increased by roughening by webs, ribs or grooves, and 
formed ty charging dectrolytically. There are 3 forms of constmetion of Plante pla^: 
central web, cast lead, and pellet. In general. Plant* cells are heavier and more bulky 
than Fabre cells, but last longer. Faubb type (paste type) has active matend con¬ 
sisting a paste containing litharge (PbO) or red lead (Pbs 04 ) applied to ml grids and 
dri*d. Plates are. then formed by being charged and discharged. Faure teUs we lighter 
and therefore preferable for vehicles. Positive plates are those frona which the curreM 
flosvB to the load during discharge. They have a dark chocolate wlor 'when charged, with 
be^ smooth surface. Negative platm are gray, with softer surface. The BLB^rraoLVTB 
d^ted witti.disrilJed or pure water, should have sp gy of about 1.15 when nw, 
Indifferent values are used for different services. It must be free from chlorine, nwra^, 
eo|:per,' tern, meieuryv arsenic, acetic add, and platinum, and niould be niMc for the 
piuixise- When *ell is fuUy charged, the sp gr is 1.21 to 1.3; when disohargedt 
about' IJI}. (Dipeix-oirciut voltage is 2. 
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Gipsclty <rf a lead battwy ia etated ia amjiere^. Nonaal diaoharce eunraai ia 
wbiolttbe oall will give for S hr. Affi]Mre>hr rating ia thia eorzent mul^l>lied 8. 

k 

Special retinas mey Im stated for a l-br or 4-hr diaeharge. Rata of durceaad dlaeliarge ▼arim 
; from 6 to 10 amperes per sq ft of plate area, not inelucfins area obtained by eorrugaiins. ' Any 
' eurreat may be obtain^ from a oetl by putting enough jdatea in multiple. Watt>br effieteaey is 
the ratio of output to the input neoeesary to bring the battery baek to its original condition. It is 
00 to 00% -for a battery floating on the liae,.sind 76 to 00% for a battery oom^et^ disAarged 
before recharging. A cell ia discharged until its terminal v<dtage while discharging has decreased 
to 1.8 volts, and is charged until it requires 2.6 vclts to force rated current throuj^ iti If a cell is 
diaeharged so that its voltage at normal current is less than 1.76, FbSOs may form, making it difficult 
to charge again. 

Car* of lead atorage batteriea. All tenninale and electric connectiona of a lead edl 
must be of lead; joints are formed by burning, or are lead covered. Inetructions for mu-e 
of batteries are given by makers, and should be followed carefully according to conditions 
* and service. Electrolyte must be free from the injurious substances mentioned above, 
must be of definite sp gr for each condition, and must cover all plates. GsUs must be 
cleaned before any deposit of sediment on bottom is high enou[^ to touch the plates. 
Exterior of the oelle must be cleaned and kept dry to prevent grounding and deterioration 
of terminals. Any leak must be repaired at once. Charge as soon as possible after offil 
has been discharged, at a current slightly in excess of the 8-hr diechwge current, con¬ 
tinuing until the negative plates give off gas steadily; then stop. In discharging, atop 
when terminal voltage drpps to 1.8 for normal 8-hr current and 1.6 volts for the 1-hr rate. 
Keep temp of the lottery below lOS** F. Cells to be put out of commission for some time 
should first be fully charged, electrolsrte rmnoved and replaced by pure water. Then din- 
charge through a very low resistance, until practically discharged (avoiding heating of 
ceUa). Electrolyte is then removed, plates washed, dried, and put away. 

Edison storage battery contains positive plates ccmsisting of perforated steel tubes heavily 
nleksled and filled with alternate layers of nickel hydroxide and thin flakee of pure metallic nickel. 
Tubes are supported by a grid of cold-rolled nickel steel. Negative plates consist of a nickel-steel 
grid, bolding rectangular pockets filled with powdered iron oxide. All plates are insulated from each 
other and from ateel container. Electrolyte consists of a 20% solution of potairii in distiUed- wat». 
Chemical reaction is: 

2 NiOt + 2 KOH 4- Fe - Ni*0, + 2 KOH + FeO 
+ plate — i^ate + plate —' plate 

Read from left to right for discharge; from right to left for charge. 

Rating, Batteries are rated at the current which they will give for 6 consecutive hr. 
Ampere-]^ rating is this current X 5 hr. Charging current is same as discharging, but 
time is about 7 hr instead of 5. Ampere-hr capacity ia practically independent of rate of 
(tiacharge, as battery is not injured by r«UK>nabIe overload and may be discharged to 
0. volta. Watt-hr efficiency is 60 to 65%. Average voltage per cell at liormiil rate of 
discharge (5 hr) ia 1.2, varying from 1.45 to 1.0 volt. During charging at normal rate 
voltage is 1.56 to 1.85. 

Operation. Steel containers must be insulated from each other, kept clean and dry, 
and plates kept covered with electrolyte. Charge at 75 to 85** F; discharge at 120 to 
125" F. Sp gr of electrolyte should be constant at 1.2. Batteries are shipped with 
plates discharged, and after setting-up should be charged at their normal rate for 12 hr. 
This overcharge should be repeated after the first 30 and 60 days, arid thereafter whenever 
electrolyte is renewed., Battmry may stand idle indefinitely if level of iriectrolyte is above 
the plates. It should be ventilated, as the hydrogen gas given off is exploitive. As in 
ease «f all storage batteries the maker's instructions must be carefi^ followed. 

Weight and cost. Lxad stosaob batteries rated cm 8-hr batis cost about $50 per 
kw-hi^of capacity, or the cost may be $500 to $600 per kw capacity on S-hr bttsia. We^t: 
120 lb par kw-hr for portable style, 260 lb in glass jars, 370 lb in lei^-lined tanks. NiPKn> 
STOEAOB batteries rated on 5-hr batis cost about $75, and weigh about' 90 lb par kw-hr 
eaiMc^. On this batis the cost per kw rating is about $400. The nickel-iron jitonM 
cell gives about 12 watt-kr per lb of grpss weight per charge; portable type of eell, 

- iUioat $ wiatt-hr per lb. 

PriiMcy hattarin eoosome tiae or other metsl by SEiS 04 , KOBi or similar tieotmlyte, 
produM tisetrioal aaarsy- is usual for ussative polo, imd carbon w,. eoppOT |or:;|M^*rik 
Insidea primary battery eurnnt fiowsirom tine to carbon. Foiarisatioa naults froa’'new*<»Mnm' 
Sitbsi^<^’(lisiiitUy hydbogan) at the p(%s, causing a bank a m (. Dantiarisers are ebamiati-reag^b| 
uairi tA wrihiue with tbsae aubstancsa and pnvent or reduce back e mf- There are 8 aeerM 
. <7.. atandard. Wbt cbias are bting superaeded by dry eelle on aoeouat of tlwr 

^(xbveitience. Typi^ wet ce^ aiej PanieU, giving 1.07 to 1.14 volt; OravHyjp 1 -von; 




•cogirs 




BwM en, 1.8 ▼olt$ IM^ii>Xal«ade, 0.78 volt; L*Qm^, 1.6'Vqlt. ITlia Daaiill «ad Gtavhjr an 
abu^,^ansoQdforaMtinuoia«Biaaourraiita. LaOaaalMO^iBxowlfcrmtarinittantaarTiciat 
?* is* **“*• *® eperata. It ia tha aoaBumaat wat battary. Dmr emus ara ot 

I rf ft Ci M chg i9p9f POiMwtiac of o noo oontalaor which ii also tho nasativo p<4o« A oarbpn rod forma 
tiia poaitiw pola, tlia alaeteolyta btiog aal-a mmo niac and line dtiorida hdd in blottins paper, aaWg 
dOit, or tiM like. Manganaea paroadda ia lued aa a dapolariaar. VtdUsa ia 1.8 to 1.0. Intaraal 
raaiatattoa la 0.08 ohm new and 0.8 obn after 10 montha. Tba sbortHirouit ourrant througb aa 
amnattt of 0.01-^hia reaiatanoe should be from 18 to 30 amperea. High tamp inoraasaa t-t** ourrant. 
Potential dagraaaas aith aga, due to drying-out. Calls are not good after 10 to 12 months, even if 
iM>t used. Their ampare~hr eapaoity is 24 to 80; higher on intermittent sarvioe, but eapaotty and 
life are Tory poor on continuous service. Life of cell depends greatly upon relative external and 
intari^ resistanoe, a matter requiring careful consideration. By putting 2 cells in parallel tbdr 
com bin ed life may be much more than twice the life of one alone on the circuit. Usual sise of cdl 
is din high by 2.8 in diam. Cost ia 10 to 40f each, depending upon quantity and quality r-—»*-Tnrrf 
(Standard Cell, see Art 1.) 

19. COSTS (as of 1938) 

Ths war has altered idl price schedules, but the 1938 data indicate relative costs and 
ahov weights of various siaes. 

Dic canerators are usually of the compound-wound type, and comprise 3 claasea: 
high speed, to be belted to prime mover; moderate speed and low speed, to be direet- 
driVen by an engine. The last class is least important. Table 14 gives costs and weights 
of the first 2 classes, for 125 or 250 volts. Machines to operate at lower speeds cost more. 
Add about 10% for inatallation. 


Table 14. Weight, Coat and Speed of D-C Oeneratora 



High ai>eed 

Modwate speed 

Kw 

Speed, 
r p m 

Wt,lb 

Cost 

Speed, 
r p m 

Wt,lb 

Cost 

25 

1 450 


1 790 

850 

1 825 

1 930 

50 

1 ISO 

2 035 

1 250 

700 

3 550 

1 800 

75 

850 

3 550 

1 750 

575 

4 900 

2 550 

100 


4 900 

2 250 

575 

6 160 


150 

1 575 i 

7 500 

3 too 

500 

'7 620 

1 4 300 


l>-c motora. Shunt motors, usually rated at the output they will give continuously with¬ 
out injury to themselves, are divided into classes ‘according to speed (small high- and 
moderate-speed units, Table 15). For installation, excluding freight, add 5 to 10%. 


Table 15. Weight, Cost, and Usual Speed of Shunt Motors for 118 or S30 Volts 


■1 

High speed 

Moderate speed 

Speed, r p m 

Wt, lb 

Coet 

Speed, r p m 

Wt, lb 

Coat 

0.5 

1 750 

55 

$ 60 

1 150 

mMm 

$ 74 

1 

1 750 

lOS 

92 

1 150 


115 

2 

1 750 

160 

115 

t 150 

BKliai 

141 

5 

1 750 

285 

225 

1 150 ' 

350 

280 

10 

1 150 

485 

370 

850 

570 

430 

25 

1 150 

1 000 

600 

700 

1 300 

770 

50 

850 

1 500 

1 ioo 

690 

1 800 

1 300 

100 

850 

2 450 

1 600 

690 

3 200 

1 950 


Table 16. Weight, Coat and Usual Table 17. Cost, Weight and Uaual Speed 

Speed of Series Motora for SSO Volta of A-C Generators 


Kva 

R p m 

Wt, lb 

Coet 

100 

450 

4 400 



450 

6 500 

HuLfl 

400 

400 

10 000 


800 

400 

13 000 

7 000 I 


H p, 

1 hr 

Speed, 
r p m 

Wt, lb 

Cost 

10 

725 

790 

8 696 

25 

575 

1 670 

1 042 

50 

500 

2 970 

1 53f 

75 

475 

3 900 

2 052 

180 

460 , 


2 600 


SsHos 'lSotoiS ate usually of ths “Mill Motor," totally endosed ^rps. rated at the output tiny 

wifi riveter 1 hr without injury. . ___ 

.'TdblsTT gi*«B data «» a Mne ot dow-spesd, 80-cyol*, tiaae-phase gsnsratois. 
vritr Tjw instiiUtion and coitri sxcitcr »d8 shacl 


for 440 to 2 200 
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ISLECXIEICAL ENGINEERIKQ 


Tkt«e>|>hM» indiietion xnotom for 60 eyclo» «i:« BtftndMx]<. 'in TkblO'lS coBts aad. 
woiaJitB ar# fiv«n fo^ a ataadlffd Un« havixkg tb« good Btartii^ oluuracteri^cB obtained by 
a definite wound aeeondary. Squirrel-case xnotore are digbtly leas estpeneive. Sinsle' 
phaee motora *doat 30% more for g^ven output and epeed. Inatellation ia aiiuple for 
, iliqBt a 0 motcne and ito ooat can be taken at 4% to 8% of firat coei- 


Tablets. Weisbt, Cqet and Usual Speed 
of SO^ydOt Wound Rotor, Induction 
' . Motore 


Hp 

Speed, 
r p m 

Wt, lb 

Cost 

1 

) BOO 

137 

$ 95 

2 

1 800 

175 

135 

5 

I 800 

280 

210 

10 

t 800 

410 

300 

23 

1 200 

825 

580 

. 50 

1 200 

1 400 

800 

too 

1 200 

2 lOO . 

’ 1 150 


Table 19. W eight. Coat and Uaual Speed 
of Synchronoue Motora lor 60 Cydea 


H p 

Speed, . 
r p m 

Wt, Ib 

Cost 

20 

450 

1 465 

$ 750 ' 

50 


1 625 


100 

360 

2 200 


200 


3 000 

■IHi 


Coata of aynohronoua motora for 60 
cydea, three-phaae, are given in Table 10. 
Coat of installation and an exciter mpat 
be added, aggregating 10%, 


Motor-generator seta, with 2 d-c machines, or 1 a-c and 1 d-c, cost about $23 per kw 
rated output for a 200-kw set running at 750 r p m; more for smaller sets. Flywheel seta 
and specially controlled sets cost more because of special features. 

Transformers. Weights and costs of oil- 
cooled transformers for 60 cycles are given in 
Table 20; 25-cyde transformers cost 20 to 
30% more. Cost of Installation ia very fmall, 
as there are no moving parts. 

Tranaxniaaion lines for S-phase, 33 000 volts, 
with No 2 B '& S wire, wooden poles and por¬ 
celain pin insulators, may be erected for $3 600 
to $4 000 per mile, if topography of district 
is not difficult. 

Power plants. Costs of building and equip¬ 
ping are: Stb-^m plants, with reciprocating 
engines, vary according to size and character of plant from $90 to $140 per rated kw. 
SmAM-TUBBiNB p^NTS, from $60 to $150 per kw. Htdroeuectbic plaiws, from $100 
to $300 per kw, including dam and other equipment. Gas bnginis plants, with gas 
producers, from $90 to $126 per kw. In eiach case the lower figure applies to very large 
installations. 

Cost of operation of power plants varies so widely with local conditions that great 
detail is necessary for accurate estimates. A value of 0.5^ per kw-hr (excluding fixed 
chargM) is low, and ia attainable only in large plants. 1^ per kw-hr delivered to bus bars 
is common whore load factor is reasonable, say 0.3 to 0.4, and is a figure commonly used 
for preliminary estimates. Load factor is the ratio of average load for some period 
(as 24 hr) to maximum load during that time. Duration of peak load must be specified 
(as 1 min or 15 min); it is usually a'short period during which the machinery may carry 
the overload without injury. - Total cost of a kw-hr, induding fixed chari^s, is high yrhea 
the load factor is l^w and vice versa. 


Tabja 80. Cost of Oil-cooled Trans¬ 
formers for 60 Cycles 


Kva 

Voltage 

Wt, lb 

•Coet 

3 

2 400 

170 

1116 

5 

2 400 

225 

144 

10 

2 400 

330 

205 

25 

2 400 

535 

360 

SO 

2 400 

1 080 

530 

too 

2 400 

1 550 

BOO 
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ELEMENTS OF STRUCTURAL DESIGN 


1. GENERAL PRINCIPLES (1) 

A 

In atnictunl deaisn, one or all of 3 conditions may govern: safety, economy, and esthetic 
effect. Safety involves knowledge of the stresses pt^uoed by the external forces acting, 
mechanical properties of materials of construction, and details of design best suited to the 
ylpurpose. 

To compare two designs from standpoint of economy, the elements of cost are reduced 
to a common basis, using either capitalized or annual cost: 


¥ 


j. ^ j._ ^ j. ^ 

^ r ^ (1 + r)"* - 1 ^ (1 + r)" - I 


where P oapituMeed cost, or sum which would build and perpetually maintain the 
structure; C ■■ fin>t cost; Jlf annual maintenance and operation; E cost of extraordi¬ 
nary repairs every mth year; R cost of renewal of structure in nth year; r ■■ rate of 
interest. Annual cost ■■ Pr. 

Mine structures have a useful life not greater than life of the mine, and a sinking fund 
should be included • 5 + [(1 -f r)* — 1], where x ■« useful life of structure in years. 
Esthetic pi^ndplra are seldom considered except in important structures like bridges or 
ardiitectural work. Following case is also common. An addition to a plant will be 
required n years hence and will cost A dollars. The expenditure that can be afforded now 
to avoid ^is future outlay equals the present worth of, A dollars due in n years, 
or p ■■ A -t* <1 + r)**. See Tables on these subjects in Sec 45. 


MECHANICS OF MATERIALS 


2. STRESS, STRAIN, ANB ELASTICITY (2, 3) 

Strain or deformation is the change in dimension produced on any material by an 
ntemal force; usually expressed as a ratio, inches per inch. Poisson's ratio of lateral to 
direct strain is about 0.25-0.3 for metals. Stbbss is the resistance offered to defoimation. 
For eqmlibrium it must equal the external force which it resists. It is expressed in units 
of force per unit area, lb per sq in or per sq ft. There are 3 kinds of strain and stress: 
TBNBJON, oouPBBSSioN, and SHBAB. Bending and torsion are combinations of these, 
though sometimes clas^ separately. 

Modulni of elasticity or Young’s Modulus E •• unit stress 4- unit strain » a 
constant (within elastic limit); or “ stress is proportional to strain ” (Hooke’s law). 

The modulus is generally the same in tension and compression for all materials in common use; 
a fundammital assumption in the theory of beams and columns. In shear or torsion, modulus — 
0 •■ about 0.45 B. Hoedee’s law holds only for '’elastic" materials (not (dastio), and imperfectly 
for C i, concrete, and some other materials. Thus, a steel bar 1 in diam by 12 in long, under 
teiisile load of 2S 000 lb (•> 20 300 lb per sq in), taking if ~ 80 000 000, will stretch 20 300 -t- 
30000000 •■ 0.001 in per in. total 0.012 in. If this law hrid until strain <■ unity, the length of 
bar would be doubled; henee S is sometimes defined as force which would stret^ a rod of unit 
erosa-eeo to douUe its length. 

fiastie Ijw*!* is the limiting stress, usually in lb per sq in, up to whish Hooke's law 
holds. Most ea^ly determine in testing by "drop of the beam" of the testing machine, 
triiich occurs at the tzbiiD point, or commercial elastic limit; higher than true elastic limit 
(see Fig 1). Yield point is not well defined in some materials; for C I, average is about 
0.5 of,ultimate stiwngth. 

Ultimate streagth is the greatest stress, lb per sq in, whidh a material develops .before 
failure; sometimes greats than BBaasma load. Some materials in compression fail to 
giA;e a true ultimate, but continue to compress and inctease in crossHwo. 
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BEND1;N6 moments and RHTCARR IK BEAMS 43-03 


ReaQieiice ia a measure of Dvortumr of material, and hence its at^ty to ^tfastand 
shock or suddndy applied loads. It is the work requited jlo ptoduoa a given stress. 

Direct or static stresses are those acting always in one direction. HanukTBD.sTRaasBS 
vary in intensity in (me direction, but never pass through sero. AvraiiNATiMa sTBSseas 
pass throuid> scro, as from tension to compression. Ruii^tue may be caused rtot cmly by 
a force exceeding the ultimate resistance of the msteritu^ut alM by repeated aeti(m of 
forces of these two types, acting between 
certain limits which are 1^ than the tiltimate; 
known as the 7 atioxjb. 

Suddenly-applied leads, shock, and im¬ 
pact. A load is considered suddenly applied- 
when its full amount acts instantly upon the 
material loaded. It produces strains and 
stresses double those produced by a gradu¬ 
ally-applied load. Shock is produced when a 
load moves freely before acting upon the 
material. The effect is that of a suddenly- 
applied load plus the effect of the motion. 

In practice suddenly-applied loads seldom 
occur; shock is avoided if possible, but, in structures like RR bridges, an allowance for 
effect of impact (a combination of sudden application of load and of shock due to irregu¬ 
larities in roadbed, etc) is always made, as in designing hoisting ropes, and links and pins 
for couplings. 

Working stress is the max considered safe by the engineer and used by him in 
designing. Factor of bafett » ult strength divided by working stress; it depends on: 
(a) uniformity, reUabiUty, and durability of material; (6) kind of stress an character of 
lo^ng, and certainty with which amount of load is known; (c) character and life of 
structure. For uniform materials like steel, factor of 4 may be us^; for variable materials 
like wood, 8-10. Factor of safety is greater,tor alternating than for direct stress; less for 
tonporary structures titan for permanent. In many cases (as for steel columns) safety 
factor should be computed on l^is of elwstic limit rather than ultimate strength. 
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Fig 1. Stress and Strain for High-carbon Steel 


3. BENDING MOMENTS AND SHEARS IN BEAMS (2, 3) 


Beams: (a) simple beams or horiz members, with end supports; (b) cantilevers, having 
but 1 support, or projecting fnnn a support; (c) constrained beams, having 2 supports and 
being rigidly fixed at one or both, or projecting over .one or both, so that moments occur 
at the support; (d) continuous beams, with more than 2 points of support. Beams are 
subject to bending and shear; struts or (x>lumnB to bending and compression. External 
bending moments and shears in (a) and (b) are easily determined as below. The derivation 
of formula for (c) is based on equation of the elastic or deflection curve, while (d) involves 
special treatment, based on Theory of Three Moments. Table 1 gives formulas for (a), 
(b), and (c); for (d) see (2, 3). 

End reactions must equal total load, from law 2F * 0. Also ZM * 0; hence they 
may be found by taking moments about either support. 


Example, FSg 2, M about A - (2 000 X 3) + (4 000 X 4) - Ry X 10, or Ej - 3 200 lb, 
and Ra - 2 000 + 4 000 - 2 200 - 3 800 lb. 

Bending moment at any section is the algebraic sum of moments of all forces to left of 
the section, calling forces tending to cause clockwise rotation positive and others negative. 


In Fig 2, bending moment at section “ (3 800 X 7) — (2 000 X 4) — (4 000 X 8) ■• + 

6 600 ft lb, and also equals 2 200 X 3, or the moments 
to the right, if counter-olockvise be called plus. 

Vertical riiaar. At any section in a beam 2 
equal and opposite forces may be acting, one on 
right and one on loft, tending to shear the beam 
a^t that point. Vert shear at any section is equal 
to algebraic sum of forces to the left of the sec¬ 
tion, upward forces being taken as positive, down¬ 
ward forces, negative. Forces to right of section 
may also be used, changing the sign. 

In Fig 2, vertical shear nt*y-3 800 - 2 000 - 4 000--22(»lB. Fig 3 shows 
moments and sheara at different sections of a beam. 




















































FLEXURE OF BEAMS 
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ifarimwm mooMiits tad ibe«n d«teimiae the eroas-seo of s beem. It is geoierally 
eeonomioal to use same eross-eeo throu^out, hence only max momeitts and shears need be 
oomputecL Point of moment is found from principle shown in Fig 3; it occurs where 

^ear passes through sero. Max shear occurs at supports. In designing structures for 
moving loads, a series of concentrated loads is used, similar in spacing and amount to 
the oars, or moving load to be used. These loads may occupy different positions, and the 
max moment is detennined as in Art Id. Tatde 1 gives formulas for reactions, max bend¬ 
ing moments, mmnents at any section and max deflection (for uniform cross-section), for 
common forms of beams and loading. 



Fig 3. Qraphio Representation of Moments 
and Shears in a Beam 
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Fig 4. Bending Moment in a Simple 
Beam 


4. FLEXURE OF BEAMS (2, 3) 

All beams, when subjected to loading, are stressed in tension, oompreasion and shear. 

' Vert loading produces vert shear, causing equal horiz shearing forces, which give to the 
horiz fibers of the beam their tension and compression stresses. Investigation of beams 
is based on the 3 laws of equilibrium (Sec 36, Art 32), the external forces being usually 
coplanar and at right angles to beam. 

Thus, if beam in Fig 4a be cut at any section zp, the bending moment at zp •• F djzi -t- I, and 
shear at xv ^ Fdi + I (Art 3). This moment must be resisted by the inner forces of beam acting 
on the right of section zp, or 2 forces C and T (both equal sinoe Sff must <■ 0) and acting with lever 
arm p. Assuming E equal in tension and compression, that Hooke’s law holds, and that plane 
sections of a beam before bending remain plane after bending (Navier’e hypothesis), then C and T 
are resultants of uniformly varying stresses acting over the upper and lower sections of beam, 
having 0 intensity at a boric plane passing through the center of gravity of section (known ss the 
MxtmtAt. AXIS), and mar intensity at the extreme fibers of beam, directly proportional to distance 
of tbeee fibers from neutral axis. The internal, or bxbibtimo homsmt, is then « Af “ A:/ + d jeS, 
where Af is in inch-lb, k — extreme fiber stress, lb per sq in, / “ moment of inertia of the section, 
in*, d ■■ distance from neutral axis to extreme fiber, in, and S ^ I -i- d szction modulus. 

Ezampl4> Assuming a T-section (Fig 5), subjected to external ben(fing moment of 9 000 inch-lb, 
I is found •* 2.34, the center of gravity being 2.09 in from bottom, or 0.91 in from top, giving 
extreme fiber stress in compression, k •» dM + / ■• (0.91 X 9 OOO) + 2.34 “ 3 800 lb per sq in, 
while for tension side, d « 2.09 and k » 8 050. For a symiuctrical 
section, k is equal in tension and compression. In design, the 
greatest d should be used. For moments of inertia of various sec¬ 
tions see Art 26 and Sec 36, Art 41-46. 

Working value of k used in design is found by reducing 
by a proper factor of safety the k found by testing a beam 
to failure. Value at fmlure is the modulus of huftube, and 
is computed on assumption that above equation holds to 
failure (actually true only to elastic limit), since M, I and d ^ 

are known. The work of design is facilitated by tables giving 

v^ues of iS for different beam sections. Instead of S, the Yig 6. T-Soction Beam 
COBFF OF BTBBNGTH » often given. Thus, assuming Af in 

fUb, let C *• coeff of strength - 8 Af (- Wl for uniform loading or 2 Wl for conoen- 
tMted, where W - total load, lb, and I - span, ft), then C - 2/3 kS; and, knowing 
value of C, the safe load is computed, or vice versa. C is in ft-lb. 

Skeari In Fig 46, a force V, equal to the vert shear, must be applied at sectiem vy 
for.equi^^mujn, V + the area of cross-sec of beam the aver hitensity of Aeaihig 

for reotangjq^ beams the max intensity 3 » + 2 or 3 k + 2 pA, ana ocoon 
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at tiie neutral azi«, where b ~ breadth and h depth of beam. Usually, the litwifing 
factors in desiga are axial tension and compression, it being unnecessary to increase sise 
of member because of shear. In short or deep beams, shear may become the limit -mg 
factor, and in short timber beams especially, due to laminated structure, horis shear often 
oontrc^. Diagonal stresses are only important in reinforced concrete beams (Art 14). 

6. COLUMNS AND STRUTS (2,3) 

Compression members are of 3 classes, depending upon mode of failure, which in turn 
depends on ratio of length of column to its least radius of otration (Sec 36, Art 42), or 
in solid sections to its least diam, expressed as f -r r, where I ■■ length, in, and r ■■ least 
radius of gyration, in (Art 28). 

Short columns, in which f -!• r is less than 10 or 16, generally fail by compression only, 
and are sometimes termed short blocks. The safe working stress in compression is used 
in their design. 

Short blooka are tested for determiniBg strength of materiala in oompresaion; most concrete and 
many timber columns fall in this claw. They foil by comprewion or by shearing in a plane making 
an angle of slightly over 46* with the axis of block. Shear failure oocure when resistance to shear 
is less than 0.6 resistance to direct stress, as comprewion induces shearing strew on all oblique planes 
and max intensity (•> 0.6 that of the direct strew) on a 46* plane. Hence length of twt specimens 
should always be stated, and generally will be 3 Umw breadth; many twts fail to agree, due to use 
of variable lengths. 

Ordinary columns, in which I + r ranges from 40 to 120, fail by combined compression 
and bending. There are 2 kinds of fonnulas used: (a) those derived from theory, in 
which constants are inserted from teats; (b) empirical formulas, from tests only. For 
column design, see Art 14, 21, 28. For eccentric loading, see Art 6. The most widely 
used of the first kind is Gordon's or Rankine'a formula (demonstrated first by Tredgold): 

where P ■■ ult strength, lb; A » area, sq in; f and r as above, 

and e and a are constants depending upon kind of material, and 2 and a depending on con¬ 
dition of fixity of ends of column. This formula may be used for design by reducing P 
by a proper factor of safety. 

Theoretically, the strongwt column has flat ends, a column with round or pin ends which is 
free to bend and not rwtrained at the ends being only 0.26, and a column with one end round and 
one end free only about 0.6 w strong. Practically, pin-end columns appear to be as strong as flat- 
end, probably due to difficulty in getting an even distribution of loading and the rwulting eccentrio 
stress with the latter. Hence a should be determined by twt" of both flat and pin-end coliunns. 

The principal formula of type (6) is the STRAiaHT-UNB FORMUtA, so called because its 
gntph is a straight line. This line is obtained by plotting, for a series of tests of columns 
of one type, the ultimate strength and 2 -f- r ratio, and drawing an aver line through these 
points. The geiudral form is p — A — B (2 -f- r), where p » P -r A <■ intensity of stress, 
and A and B come from the testa. This formula is widely used, often displacing the Gor¬ 
don. As before, p is properly reduced for design. Long coduhns, in which 2 -P r exceeds 
say 260, are barred from structural practice and will not be discussed (2). 


6. TORSION AND COMBINED STRESS 

Torsien, a t3^ of diearing stress, is fundamental in the design of Shafts and other 
members subject^ to a twisting moment. For circular section the formula is d 1.72 
-i- 8 , where <2 ■■ diam, in, of a draft capable of resisting a twisting moment M, in-lb, 
with a max torsive shear in the extreme fibers of s in-lb per sq in. 

Example. Awume a working torsive shearing strew of 8 000 lb per sq in, in dwigning s droular 
shaft to carry a twisting moment produced by a force of 2 000 lb acting with a levar arm of 48 in. 
M 2 000 X 48 06 000 in-lb, and from the formula d ■■ 4 in (about). 

ComUaed gtragg is the condition of stress occurring when a member is ganultaneously 
subjeoted to 2 of the 3 elemental forms of stress. A common case, compression and bhnd- 
ing, occurs in the eccentric loading of columns and joints, and foundations of masonry 
Btruetuies., 

Bceeiitric loading ol cdutnns. Whenever possible in odumn derign the load is applisd to odncide 
with the of the edumn. Through use d braekets, some columns are loaded at a dbtanoe s 
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from this ozis. «in Vig 6. This inereaaee oompranion on left side «nd decreases it On the richt, and 
must be prodded for by inoreaaing the aeotion until the max si^ees dose not exceed the allowabla 
unit oompreasion due to direct atreaa » po — 'f’ d.. The unit bend- . 

ins ■traoB caused by the moment M m Px will be p' •• Md i I, where p _| 

i m momoxt of inertia of the section. Max unit stresa — p — po + p'l «4| 

and must not exceed the safe value. Minimum atreaa ■■ Po ~ p'. These ■ 

formulas! though in common use, are only approx, as increase in sbress due ' > | 

to deflection is not considered. (See Art 8 for foundationa.) Combined | r~~' 

stress also Occurs in inclined bridge members, as eye bars and chords, which I 

are aubjeoted to bending due to their own wt as well as the direct stress of 
tension or compression. The common method of procedure is like to that 
given above. Shafts also frequently act under the combined stress of torsion 
and bending (as in drum shafts of hoists). 


FOUNDATIONS 



7. BEARING POWER OF SOILS (5, 6) 

Failure of foundations ia generally caused by use of enpirical 
rules, neglect of fundamental principles and poor judgment of do- 
signer. 

Requisites of foundations: (a) They should be leveled off approx at right ?o 
angles to the direction of loading. Ttds insures that no component of the 
press will be tangential to the foundation surface, hence no tendency to slid- ^rflil^ P 

ing. Natural inequaliti» in rock surfaces usually hold the footing in place 
and make expensive stepping unnecessary, (b) When buUt on earth, design ** 
should be such that center of press and center of base coincide. In retain- 
ing walla, it is too costly to adhere to this rule; low foundation pressures are 
required and settlement u common. On rock, little or no settlement can 
take place, (e) Each foundation for separate parts of a structure supported | 

at several points, as walls and interior columns in a building, should be so I 

designed, when on a compressible material, as to be subjected to preesure | 

intensities that will cause uniform settlement. i 

Safe bearing values of foundation materials depend on charac- I 

ter, condition, depth and amount of moisture present, of the { 

foundation material, general sub-surface conditions at the site; also ' [. 

the type of structure and character of loading. Borings, or test . ' 

pits and soil tests, should be made for important structures. Per- Fj* j.®* 
manent foundations should be well below the frost level. Some soils 
become more compact as depth increases and loads may be increased. Also the surcharge 
effect, or lateral confinement, permits higher loads where foundations are below general 
level of excavation. Danger of disturbance by adjacent excavations or operations mrist 
be considered. A foundation fails when settlement, especially unequal settlement, par¬ 
tially destroys the use of the structure placed upon it. 

Table 2. Allowable Pressures of Foundation Bearing Materials (Boston Build’g Code) 


Allowable bear¬ 
ing value 
(tons per sq ft) 



Maaeive bedrock, aa granitic rock; also gneim, trap rock, fclsite and well 
cemented conglomeratee, in sound condition (sound condition allows 

some cracks). 

Laminated, euch as slate, schist, in sound condition (some cracks allowed) 

Shale in Bound condition (some cracks allowed). 

Reaidual deporite of shattered or broken bed rook of any kind except shale.. 

Hardpan. 

Qravel and sand-gravel mixturea, compact. 

Oravel and sand-gravri mixtures, loose; sand, coarse, compact. 

Sand, ooarao, loose; eand, fine, compact. 

Sand, fine, loose... 

Hard clay. 

Medium clay. 

Soft day.•.;. 

Silt, shattered shale, or any deposit of unusual character not provided for 
herein.. 


100 

35 

10 

10 

10 

5 
4 

3 
I 

6 

4 

I 

Value deter¬ 
mined by teats 
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3Ltw wide vttrJation ia bMring vkItmm In tons p«r aq ft of varioua mntariBla is UliiBtnted'by iVkUa f 
(Boatoii Bl'd’g €oda)« wmoh la a guide in deaiga but muat be uaed with judgment and eautiqn.. 
In reoent jreara the adenee of aoil meohanioa haa been irapidly developed, and deaign, althou^ 
atiU largely a matter of experience, ia baaed more and more on aeientifio data and knowledge of tta 
phyalcal oharaotera cd aoil^ 

*• 

8. SPREAD FOUNDATIONS (6) 

The oonunoneat foundation for wralla and buildings is a spread footing, which distrib¬ 
utes load over a larger area at the base to reduce the press per sq |t to that considered safe 
from a study of site and soil. Total load comprises dead lilus live load. The dxad 
LOAD, or wt of structure, is computed as in Art 17t The livb load is often uncertain in 
amount, and for buildings on compressible soil, the footings of interior 
columns should be derigned with allowance for the fact that usually 
only ts small part of total live load acts at one' time. Otherwise un¬ 
equal settlement will occur, as the footings carry chiefly fixed dead 
load. 

Depth of foundation below lowest level of structure will depend on; (o) 
necessity of going below frost line, to prevent heaving due to freezing; (6) 
depth required to reach suitable foundation material. Frame buildings are 
quits flexible, loads usually light, and foundation wall is seldom carried 
deeper than l.S-2 ft, or much below cellar level. Masonry buildings require 
deeper and heavier foundations to prevent excessive settlement and cracking. 
In larger structures design ia more involved. 

For moderate loads, wall and column footings of concrete may be 
used, the projection of the footing beyond face of wall or pier not 
being large enough to demand special reinforcement. In such cases 
the thickness of the footing ( should be proportioned to the offset I 
(Fig 7a) and should generally be in the ratio of about 2 : 1. Where 
wider spread is required, modem practice uses a reinforced footing or 
grillage of steel I-brams encased in concrete. For column footings the 
spread is in 4 directions and reinforcement must be in 2 or more layers 
with bars as in Fig 7c. 

The foodag in Fig 7b may be designed as in Art 14. Experiments indicate 
that the shear should not exceed the allowable at a distance d from face of 
wall; hence d is usually greater than required for bending, being fixed by d' 
which depends on shear. When the required offset I muat ' be large to keep 
unit press low, large masses of masonry and deep excavations are avoided by 
using a grillage consisting of 2 or more layers of timber or steel beams (17), or 
• reinforced footing with rods in both directiona. For more complicated designs, see Bib 6. 



b: Reinforced 
concrete 



C . Column tooting 
of typo b (plan) 


Fig 7. Spread 
Footings 


9. PILE FOUNDATIONS (5) 

Pile foundations are intennediate in type between the spread footing and costly 
caisson foundations carried to great depths. They are used: (a) where a soft, compressi¬ 
ble soil of poor bearing capac overlies a firm layer of good quality. The pile then becomes, 
in effect, a column, partly supported by the surrounding material, but transmitting its 
load largely by point bearing to the good material below; (6) where the foundation material 
is of ^adually increasing capac and the pile carries its load both by point bearing and by 
akin friction; (c) in loose or silty soils of low bearing capac, which can be compacted by 
pile driving to permit increased bearing loads and where skin friction is most important. 
In case (a) the total load carried will be the safe load per pile, x, and the no of piles, pitn-ided 
the point reaches rock or a very resistant soil. In general, dusters of piles act with a 
"group effect” and may carry far less than this value. 

Design of pile footings is not a ample matter and no one rule is alw^rs applicatde. 
For piles in sanc^ material (b, c above) some indication of safe load P, lb, may be obtui^ 
from the empirical equation, P ■■ 12 Whe 4- (« + e)F, where IF is wt of the driving 
hammer, lb; h, the fall or drop, ft (or equivalent ht for a steam hammer); e an efSc aUnw- 
ance, 75% for drop and about 90% for steam hammers; s, aver penetration of the pile 
under the last 10 blows; e, a constwt, 1.0 for drop and 0.1 for steam hammers; P, factor 
of safety Soft materials may develop some "structure" (interlocking oi partides) 
and excessive pile driving miw destroy this natural quality and cause lower bearing capac. 
Minimum sp^ng of piles is about 3 diams. Overdriving wood piles causes slotting. 
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pilM tn UMd for both temporary and permanent foundations, and when below water 
’la^dT will last indefinitely. In temporary work, as trestiee, the pile eervee the purpose of both 
foundation am' column. Oak, pine and spruce are in common uife-, depending upon ^ffioulty in 
^.^Ting, length required, and purpose, oak being good for hard driving or where pile is subjected to 
.abrasion. For very hard soil, piles are pointed with iron shoea and the butt is chamfered off and 
tmnded with iron O.S-1 in thick and 2-3 in wide. Special driving caps, with a tapered rewas, are 
iileo effective. Wood piles should generally be at least 6 in diam at point (preferably 8 in) and 
about 14 in at butt (not over 18 in). 

Concrete piles are csst-and-driven or east-in-place. They are for permanent construction 
where exeavation to water level, required for wood piles, would be too costly. Recently piles of 
type (d) have been sunk ^driving steel pipe with hammer, with or without use of water jet, blow- ^ 
ing out interior with compressed air, and filling with concrete. Such piles are essentially small * 
caiesona; used to sixes 2 or 3 ft or more in ^iam. 

Capping of piles to provide a foundation footing is usually done by excavating 12 in below tops 
of piles and encasing with concrete carried to 12 in or more in thickness over top of pilee. * 


MASONRY AND CONCRETE STRUCTURES 


10. LIME, CEMENT AND MORTAR (4) 


Common Ume is calcined limestone, which, when fresh, should be in lumps with little dust. It 
should be stored in a dry place. When slaked with water, lime paste may be kept indefinitely under 
water (protected from air). If exposed to air in a thin layer lime may be slaked to a dry powder, 
B(fid as UTOHATBO LIUE. 


Cement is of 3 kinds. Natural, Portland, and Pozzuolana. Natttral cehsnt is calcined 
oQznent rock, containing proper proportions of lime and clay, ground to a fine powder. It 
is not now used for structures requiring great strength, having been superseded by Port¬ 
land cement, which costs but little more and is stronger. It was early made at Rosen- 
dale, N Y, hence sometimes called Rosendale cement. Pobtland ceubmt is made by 
grinding to a fine powder the cUnker from calcining to incipient fusion a powdered mix¬ 
ture of properly proportioned lime and clay materials. Limestone mixed with clay may 
b^ used, also cement rock and clay or limestone, marl and clay, limestone and slag. 

Production of Portland cement in TJ S has increased rapidly, to over 100 million bbl annually. 
Cement is measured in bbl and usually sold in paper bags or in bulk, the aver price at the mills being 
$2-83 per bbl. Wt of Portland cement averages 100 lb per ou ft. A bbl weighs 376 lb; a bag, 
64 lb. A bM' contains about 3.8 cu it. Natural cement weighs 263-300 ib per bbl and 90-100 per 
beg. PozzcoiiANA CEMENT propCr is made by grinding hydrated lime and possuolana, a voloanlo 
material oocurring‘near Naples, and used by the ancient'Romans. So-called slao cement is of 
tUs class, although slag is also used for a true Portland cement which differs in no essential from 
other Portland. 

Testing oement. Portland cement has now become, in name, if not fully in fact, a standardised 
product and for-all exeep>t'largmt works is luually bought without specific testing. It is well to 
specify A S T M standards (Am Soc for Testing Materials), and it je common to require that 
Bpeeimeiui of OMcrete teeted both, as a cheek on the cement and as a measure ol the quality of 
the aggregate and mixing. 


Cement grout is a mixture of 1 vol of cement with 1, 2 or more vols of sand. It is 
used in a semi-liquidstfonn for gip.'qting .column bases, bearing plates and wherever space 
requires a fluid mix. ' ,i .M » 

, mortar, usually in proportion of 1 vol cement to 2-3 sand, is used for masonry, 

cement ihortir is dhoi^'' Wd'dllRclilt to handle with a trowel. Addition of 
ji^dthted lilbe' tb ’thb'dkneitt ri^W^M'the mortar “ slick ” and easier to work. A 
cii''Fd 6 i t : ^' fiiortar'mquiras Alibiit'2’.8;tM cemdnt and 0.9 cu yd sand; a 1 : 3 mortar, 
about 1.9 and I.O, forever sands, , , " ‘ ' ’ 

1 - IJ I, I < / I'l' i i ' , , J' 


U i ‘ 



'^birtj^msoNkY. 


' Cut-ateme masonry, fpismsi# of labor, bean super- 

s^ed m practically all,,Trpr^,exc^jb,^Cre 8 f<^t 0 c,fural (effect justifies cost. But whan 
W^,i9,je^PA»(} s.emeiit. costly,,ruB^jl^^jas(ip 9 r,of m)squw or roughly ^uar^ stone. 

frequent 

bncTswork for terms) and 


fore use. Aver quantity of mortkr per ou 

TJ- •> i ) 


_ eto^e 1 ^ 0 ^ wetted 
[e vanes witB shape uid amount 
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of dzvasiiig of otones, from 0^ to 0.4 ou yd. Rubble maeozuy will carry 10^15 tcm par aq ft; 
best quaUty out-stone masonry may safely carry 30 or more. ‘ * 


la. BRICK AND BRICKWORK 


Common bbxcx is used for ordinary construction. Best brick, when broken, shows a 
fine, uniform texture, deep salmon color, contains no fissures, air bubbles, pebbles nor 
lumps of lime. It riiould also have plane faces and parallel ed^ (no warpinft), and give 
a clear ringing sound when struck (thorough burning). Usual sise is 8.25 X 4 X 2.25 in. 
Overbumed brick is dark in color and liable to be warped and brittle. Light or yellow 
color indicates soft or underburned brick. Pbxsbeo bsiok is brick molded under heavy 
press. It is uniform in shape and of greater density, absorbing only 10-20% of its wt of 
water, while common brick may abmrb 30-35%. It is used for exterior faces of waUs, or 
for neat finish. Enamsxjbo buck is made from clay containing a large amount of fire' 

clay, on which a surface finish of enamel is placed 
before or after burning. Qlazxo bbick is produced by 
applying a slip to the unbumed brick, which adheres 
to clay and bolds a glaze composed of readily fusible 
material giving a vitreous stuface. Fibbbrick is of 
fireclay burned at a high temp. Good fireclay is free 
from pyrites, lime, and other ingredients which would 
cause swelling or vitrification. Fireclay brick should 
be of uniform color, white or white speckled with 
brown throughout; should be laid in thin paste of 
fireclay, with joints as thin as possible. Sand-u^b 
BBioK is generally pure white. Made by molding 4 to 6% of finely powdered lime with 
silica sand. Cbmbnt bbick is of sand, with Portland cement as the lading material. 



Fig 8. Bonds for Brickwork 


Bond results from laying brick eo as to tie the wall together longitudinally and traneversely. 
Fig 8 ehowe the common bond, consisting of 4 to 7 courses ot stbetchebs to 1 course of bbadbbs, 
the latti^ tying the wail together transversely. In laying brick, vert joints in header couraee must 
be of such thiokness that they will not come over a joint in the stretcher course. Brick should be 
thoroughly wet before laying; joints V4-^/8 in thick, and for beet work brick should be placed on a 
full mortar bed and ehoved into place (“shove joints’’). All vert joints should be thoroughly 
“alushed" with semi-liquid mortar, eo the brick will be well bedded. Face of the wall may be 
fiidshed with either flush, struck or weather joints. 

Number of brick required depends on size. For common masonry 1 cu ft generally requires 
20 briek; 1 cu yd, 600 to 6(K) brick. 

Quantity ot mortar. For aver joints (Vt-^/s-m) I cu yd common brickwork'requires 1/4-Vs 
cu yd mortar, or about 0.6 cu yd per 1 (XX) brick. 

Working stresses for compression are: for common brick in Portland cement mortar, 176 lb 
per sq in. Brick piers may be designed by the formula, p ** P— 6Zf '+ D. where p » allowable 
unit stress, lb per sq in; P « allowable direct compreaeive atrese, lb per sq in; H ■■ height, in; 
J> » least tbickneea of pier, in. 

Common brick are sold by the thoueand (M); aver price, $12-820 per M. One bricklayer will 
lay 1200-1 600 brick per 8 Tax, in straight thick walla, but only 260-600 for work involving many 
oorneti or angles. 


18. concrete (7) 

Compoiition. Concrete is a mixture of broken stone, gravel, cinders, or slag, called 
the coABSB AocutBOATB, and sand or stone screenings, known as the fine AOCBBGAfx, with 
B cementing material, as cement or asphadt. Portland cement is almost invariably used 
in general construction and for reinforced concrete. 

Proportions of ingredients are usually expressed by vol as, 1:2:4 (a relatively 
** rich ” mix), or 1 : 3 : 6 (a lean mix), indicating parts by vol of cement, fine and coarse 
a^regates. 

Strength of Portland cement concrete (hereafter referred to as concrete) depends upon 
qualify of the 3 basic ingredients; also (a) quantity of cement in proportion to total 
aggregates, (5) ratio between coarse and fine aggregates, (c) amount of water used in 
mixing (cement-water ratio), (d) adequacy of mixing, (e) method of placing, (f) me^od 
of ouring (setting). All othm factors being the same, tlte more cement used the stronger 
the mix. ^tio of sand to stone by vol is usually atiout 1 : 2, Great caution should bo 
exercised m fpoing “ run of bank ” gravel, on assumption that 1 part cem^t to 6-0 parts 
total SjiBtNgate be satisfactory. Sand, present usually far in exoeas'of coarse matndial, 
is as material passing 1/4-in screen and bank gravel lequiree that part of eand be 
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Boreened out; otherwise, the mortar binding the coarse aggregate may bo as weak as 
1 :4 or more and oonorete is of poor quality. For high density, strength and imper¬ 
meability, the minimum of water required for setting should be used. As such a mix 
can not be successfully placed, amount' of water is determined by “workability” and 
win vary with difficulty of placing. Excess water leaves “water voids" in mix, tends to 
produce “segregation” (settling of coarse aggregates), and excess water flushing to 
surface washes out cement and leads to later surface disintegration or “map cracking.” 
Workability is measured by slump test. Fill conical shell 4 in diam at top, 8 at bottom 
and 12 in high, with proposed mix rodded in place and “struck oiT" at top. When shell 
is lifted vertically drop of mius, in -■ slump. For mass work or highway construction 
water to give slump of 1 to 3 in is xised. For building and similar construction requiring 
placing around reinforcing bars, 3 to 6 in. This usually requires 5 to 8 gal water per cu yd of 
mix. Varies with character of aggregate. 

Hand mixing is now seldom used, mixing machines being 
available in sixes, from a few ou ft to 10 yd or more. Mixing 
should start with dry materials, cement added to sand, then 
coarse aggregate and, finally, water. 

Care must be exercised in placing, so aa to fill forms and 
avoid pockets or “honeycombing” (areas of coarse aggregate 
without enough mortar to fill voids). Spading face with tamp¬ 
ing bars, hand tamping and vibrating mechanical or eleo 
tampers are used. Avoid excessive tamping, as it causes 
eegregation, os for excess water noted above. Concrete may be 
placed under water by means of metal pipes, the concrete being 
fed in at the upper end as fast as it goes out at the lower end, 
thus preventing it from falling through the water, which would 
wash out the cement. In joining old and new surfaces, care 
ehould be taken to remove all dirt and loitance (acum which 
forma on surface) and thoroughly to wet the surface of the old 
work. In long walls, expansion joints should be provided 
every 30 to 60 ft. Fig 9 shows common forme of joints. Concrete is not injuriously afleoted by 
oils and acids, unless there is enough seriously to affect other materials. Salt or alkali water 
causes disintegration at the water line, due to unknown action, and sand containing alkali should 
not be used. 

Proper "curing” has the object of providing adequate moisture until concrete has set 
and is vitally important. Fresh concrete should be protected from direct rays of sun by 
covering with burlap or straw kept constantly damp. An asphalt emulsion coating hoa 
recently been used for highway work. In cold weather concrete must be kept from 
freezing until set, and protected from alternate freezing and thawing until fully hardened. 

Coarse aggregate may consist of gravel or broken'stone, its quality being at least equal 
to that of hardened cement mortar, preferably graded in size (although much “ siugle- 
aize ” stone is used), clean (broken stone or washed gravel best), durable, and contain no 
soft, flat, elongated or friable particles. Max size depends on dimensions of construction. 
For massive work “ cobble concrete ” or a max size stone of 3 in or more can. be used. 
For thinner walls 1.5 in, for coping and thin walls 1 in, while for reinforced work 0.75-in 
is usually required. For cinder concrete, hard ” steam ” cinders should be used, free 
from soot or excessive fine particles. 

Spscifleatioas. For small work Bo-caUed standard mixes are used as follows: bich iitXTUsa, 
1 : 1.5 : 3; for eolumns or other parts subjected to high stresses or requiring to be completely 
watertight. StamoaBP mixtvbx, 1:2:4; for reinforced floors, beams and columns, webes, 
reinforced engine or machine foundations subject to vibrations, tanks, sewers, conduits^or 
oth«r watertight work. Mboicu mixtubb, 1 ; 3.5 : 6; for ordinary machine foundations, retaining 
walls, abutments, piers, thin foundation walls, building walls, ordinary floors, sidewalks and 
eewera with heavy walls. Lbab mixtobh, 1 : 3 : 6; for unimportant work in masses, for heavy 
wall4, for large foundations supporting a stationary load, and for backing for stone mascory. 
It is always desirable on important work to experiment and test various mixtures to secure beet 
yield and satlefaetory quidity. Tenden^ is to specify required strength for various parts of 
work rather than set proportions. 

Strengffi of atone ocmcrete in compression, when tested in cylinders (usually 8 in d i a m 
by 16 in. hi A) ia 1 (XX) to 4 (XX) lb per aq in. Strength increases with age. the allowable 
atresses in design bmng given in ratios of the ultimate compressive strength at 28 days 
(- /«, Art 14). The tensile strength of concrete is even more markedly affected than its 
oontpreMive strength by factors noted above, hence is usually not counted on in design. 
For a 1:2:4 mix, it varies from 200 to 3(X) lb per sq in; for 1:3:6, from 100 to 175. 
Shearing strength ia difficult to determine, but it is probably about 0,5 the compressive 
strength. ModolUa of elasticity is also variable, the material not usually showing true 


•A*, •be *^#^7 
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^ai^CT bdiEVior; for worldns loftds, it U 2$00000^ $00 000 Ib per's^ iSi d^iMnding on 
miit^reEnd ace. ", i ■ .,'v 

Quantities of materials required for t on yd eonerete with variotis acciec^^tM depots 
to much on oharai^r of accregateSi vends,'etc'., that it is best determined by trial.' ' As'a 
touch apprordmation for a^r broken stone concrete, divide tl by sum,of Jparts i^ bhl 
cement per cu yei. ‘ Mnltipiy tHs by the nuibber of parts bf sand and by the ou ft in 1' bW 
«ement (3.8 aver) and dildde by 27. This equals the on yd of sand required, ^ilarly 
for the broken stone. * , ■.! 

Bxampte. 1:9:8 ecmeat conoreteu II -f 9 - 1.92 bbl cement per eu yd. 1.22 X .8,9 X 3 
+ 27 • 0.81 ctt yd sand and 1.22 X 3.8 X 8 + 27 - 0 lS4 ou yd broken stone. 

Rates of work and costs. One man will mix, wheel 50 ft, level and ram, about 1.5 ouyid 
of concrete per 8-hr day. A gang of 15 men will handle as above an aver of abont 20-26 
cu yd, and 1 man will level and ram in 6-in layers about 8 cu yd per S-far day,, Cost 
varies from $16 to $30-or more per yard, depending on labor and matonal costs, as well as 
the kind of work. ' 

Forms for oonorc e are made of partly seasoned pine or spruto, planed on one side (to 
give smooth surface and even thiukneas) and for bast work tongued and grooved. The 
lagging is generally 1 in thick, but for heavy 'wprk and where the fortes arc tq be used 

several times 2 in is better., Stud¬ 
ding is commonly of -3 by I in to 4 
by 6 in, spaced 1.5 to 2 ft .centers 
for 1-in lagging, and 4 to 5 ft for 
2-in. Pressure due to boticicte is 
about that of a liquid iveiching 86 
to 140 lb per cu ft, depending upon 
the amount of water used in min¬ 
ing and rate of placing.! ^nee 
.forms xiost 0.25 to 0.5 of the entire 
cost of the work, a ooncretb etruo- 
ture should be designed With a view 
to 8imi>Iicity in the form, work, a 
little ^ra concrete often beiji^ 
economical. Ponnsshpuldbe.care^ 
fully designed and ponsthictedr 
so as to be easi^ j;^qyed without 
injury, to the stiuciufe.. ,pr the 
forms themselves; this is done by 
making them in tmi^ joined tiy 
olmts, the pressure from tbe oobr 



FOR ooncsstS floor, bctween stul mams 


toLOMHteaU 


fi! 


Kg 10. Forms for Oonereie 


or^ beit^ taken up by transvem tie wires, which ate left in the concrete, or by extern^ 
htaoes and struts. . . , < 

Adhesion of concrete to the forms Ckn be prevented by applying etude oil, soap or ^sto. Fii 1$ 
shows typical forma. The time which muat elapee before fortes can'safidy be reteored'depends tid 
weather conditions and how soon the structure will receive ite load. Time under ordinary condi¬ 
tions: WbUb In mSRS'wOrk; 1 to S'dRs'S or anti! concrete will bear prete of thumb witbcAlt^lhdei^nu 
tmn walls knd eolutehe, summe!t’2'‘d'ays, cofd wCather 6 days, provided they carry no load; rfafa^ 
up to Tfespatt, beams and girders. Summer ddayS, cold weather 2 weeks; long.«pan stabs abd-girdart, 
aumteto 10odd weather 8vreeketo 1 month; arches,small 1 wf^, large 1 teou^ ' ' 


B«TOO|tC|3t) CONC|at%^ (7,8) 


Sf - 

- ,> 


Coaaciete, reinfbroad by- sted barsif lis cue of the moto useful end important sbruetural 
materials, and, for permanent structures, has to some extent leplaced older'siaitBriaha 
Its etonomy JUea in its greater .durability, requiring less maintenance, fire-reBi8tonoe;t.nud 
flto eato tri^’ ca&lie hibA’ W!bbUt 

caUy'^herever I'^drnhhd dm BUitablfi'ki|S;re$:4t4'aM ^^flay^' (^d 'ilbif ^ 

paft by unskilled labbr. To' ifet ^'e derired 'r^lis,''Wettdhi xicyiilU, slriiqta 
edmplefely worked out add ,4|6Wii'bti t£e and to^kti^c^^'khjm^sed' to 
by. oompetont en^hee^. dph usual^.' Im' w 'ht^leet of these'’ l^h'cfp 

' Reiudrciiig, bars ato usuiliy 0'25^1.$ '6:7^i4' bat Is known as SAsi, 

-_X ... . -T.- 9V.tX ’MnM ' it 

used 


____ __ _ _ . . _ , , , Ul «W JVJMWj 

t ho extra obarge%r dr ^ut' etti^r b^i to^t more. 

more lihito sqhar^, Insit^'ldto tllih 1' iik!‘' 'Hiete aib 7 gmmat^'rdoh’d 




BEINFQI^CED CONCBETE 


43*^13 


ban an4 4 aquares tTablo 3). Except under unusual circumstances, deaisns ^ould be 
limited to these bars. DnFqBusD naBS are used to provide a bond between steel and 
concrete, independent of adhedon. 

They are obta^ble' in the 11 stand¬ 
ard siaes in Table' 3. Wire mesh and 
various fonns of expanded metal are 
much used in slabs, walls and other 
thin sections. 

Beams. Working formulas, based 
on Navier’s hypothesis and other 
assumptions Ust^ below, ^ for de¬ 
sign puiposes only; that is, within 
normal working conations. Since the 
limit of extensibility of concrete is 
only about 0.0002 in per in, tension 
in the concrete is neglected, the steel 
being supplied to take all the tension. 

The first time the beam is loaded to 
its full design load, fine cracks will develop on the tension side of the beam and the 
above assumption will be very nearly satisfied. In addition, these formulas are predicated 
on a perfect bond between steel and concrete, and a constant modulus of elasticity in 
the concrete. The span of a reinforced concrete beam is taken as the clear span plus 
the depth of the beam. But need not exceed the c-c distance of supports. 


Table S. Data on Standard Ban 


Size, 

in 

Shape 

Area. 

•<l in 

Wt. 

lb per ft. 

in * 

V4 

Round 

0.049 

0. 167 

0.765 

»/8 

Round 

0 . no 

0.376 

1.178 

V2 

Round 

0.196 

0.668 

1.571 

Va 

Square 

0.2S0 

0.850 

2.000 

6/8 

Round 

0.307 

1.043 

1.963 

6/4 

Round 

0.442 

1.502 

2.356 

Va 

Round 

0.601 

2.044 

2.749 

1 

Round 

0.78S 

2.670 

3.152 

1 

Square 

1.000 

3.400 

4.000 

1 1.^8 

Square 

1 266 

4.303 

4.500 

1 V4 

Square 

1 562 

5.313 

5.000 


Standard notation. For convenience the complete notation is given herewith Qb, in, lb per 
sq in;. 


Reetaniular Btamt and Slabt 

/• unit fiber stress in steel 
/e unit fiber stress at its extreme fibers 
/e ultimate compression strength at 28 days, 
when cast in standard 0 by 12-ia cyl 
Rf modulus of elasticity of steel 
Ec modulus of elasticity of concrete 
At area of oross-sec of steel 
eg unit strain of steel due to 
ee unit strain of concrete due to /c 
n ratio of Eg to Eg 
T total tension in croas-eec of Steel 
C total compression in eross-eec of concrete 
Af external moment acting on beam due to 
loads 

Mg resisting moment of steel in tension 
JhTe resisting moment of - eoncrete in com¬ 
pression 

b, .width of beam 

. d p^feotive depth of beam ^ distance from 
compression face to center of gravity 
'' '' of thff itael 

A 'ratio of depth of neutral axia to effeetivti 
. "'depth ' 


i ratio of arm of resisting couple to efiec- 
^ tive depth 
p ratio of Ag to bd 
r ratio of /« to fg 

0 thickness of concrete from outside of bot¬ 
tom row of steel to tension face (pro¬ 
tective covering) 
t diam of bar 
a aide of sq bar 

T-Beams 

b width of flange 

b' width of stem 

t thickness of flange 

Shear and Bond 

V totid extern^ Shear 
Vg portion of total shear carried by concrete 
V' portion of total shear carried by web 
reinforcement 

s, Vgt *' unit .shear etresees (see above) 

Ap total area of stirrup, two legs 
/v unit tensile stress in stirrup 
ti' bond strm, per unit of surface area of bar 
2e sum of perimeters dt horis bars 


Rectangular beam and,dab foqwtlag ,(F^ 11), Erwa Navier’e hypothesis and Hooke’s 
Law (Art2): 

. 


and the resatii^ moment of the beun based bn working strength of steel is; 

1 . Mg Tjd •« Agfgjd •* f/s/W* ■ (J'.W* 

e^eiie. ' ,’Cs-'Vsjr 

(soiMniBte > t ' 

where ' 


( 1 ) 

( 2 ) 


(9) 


the resisting moment from Bq (2) is greater than that from Eq (3), the beam^ if 
to failure,-will fail by crushini the concrete, and is said to be ov^BBiKroapra, 
reverse obn^ttpn ia true, the Joeam if^ by raaohing the yidd point of th'd steel. 
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and the beam is tnanB-BBiNFOBCsn. If a beam has equal strength in each, it is a bax>- 
ANCBO BBAM. For latter with n and r known, from £q <1) k is fixed and 

k "• V'np(np + 2) — np , * (4) 

Hence with k fixed, required p is fixed and C* equals Cc as required. Af# is then equal to 
Me*xid both must equal the external moment, M. Hence, from £q (2) or (3), 


'VC6 

where C =• C, -• Ce 

The value of d (Eq 5) is the balanced depth, as it is the only depth that will simultaneously 
insure full worUng values of both steel and concrete with n and k fixed. Thus solving 
Eq (1) for k, 

k - (C) 

n + r 

and Eq (4) may be solved for p and combined with Eq (.6): 

^ “ 2n(l - A) “ ‘2r(n + r; 


1-* 

3 


_ _ 

vb.’. • '.sQ '.- •'Tj 

t 




Neutral Axis 


a ■...*> 

, *.**•;•**••••• 

- » 6 . ■ e - ’t 

^ — I- v^: . : - 

(S+-|-)or(fi+f) 

Section 



Strain Stress 

Diagram Diagram 

Fig 11. Stresses in Concrete Beama 


Moment 

Diagram 


Thus, with.n and r fixed, k ia obtained from Eq (6), p from Eq (7), j from Eq (8), and C 
from £q (2) or (3). Table 4 gives values of these constants for common values of f, and /«, 
and n. For eoomnny, b should be small, since for equal strength, a deep narrow beam has 
a smaller area than a wide shallow one. For proper design, this can not be done, as b 
should be between 0,5d and 0.75d. In fulfilling this specification, most designers propor¬ 
tion all beams for widths of even integral inches, so that a plank of standard width may 
be used for the bottom fonn. Using proper proportions for b and d, a balanced depth ia 
readily designed, and closely approximates the most economical. Often the difference 
from the theoretically most economical design is more than counterbalanced by the saving 
in form costs. 

Table 4. Constants for Balanced Beams 


18 000 Ib per sq in 


m 0 

.400 

mm 

.867 

S-i 300ft-lbC 

mgm 

.375 

i 



ft “ 20 000 lb per sq in 


- 0.875 Is-I 458ft-IbC 


15 0.0075 10.9 

12 . 0094 13.7 

10 .0113 16.4 

8 .0141 20.5 



In dstermining A,, two formulas are used. 

A4 * 


atoo from Eq (2) 


At "* 


By definition 
pM- 
M M 
Sd 
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Eq (9) applies only for balanced depth, whereas Eq (10) sives results close for other 

depths, and is used instead of £q (9). Table 4 gives values of 5 (-> JJ) in ft-lb, which 
may be used with £q (10), when is in ft>lb. 

Three general problenu may ariee; (a) to design a balanced beam; (b) to design a beam whose 
depth is fixed by dearance requirements; (e) to ,find the safe load on an existing beam. 

Examvlt 1. Using /'« • 3 000 (working stress /c - 1 200) and /, -> 18 000; design a balanced 
beam for a load of 1 000 lb per lin ft on a span of 10 ft (load includes wt of beam itself). Ordinarily 
a dead wt must be assumed for the beam, and a tentative design made which is modified if the 
resulting wt does not check the assumed wt. For this loading Af » vil* ■<- 8 » 12 fiOO ft-Ib. 
From Table 4, C •• 1^.20 ft-lb units and by Eq (6), 

, . fi2 500 

" \ 17.296 

A value of 6 is now assumed, which will give satisfactory proportions. By trial is obtained a fi-in 
width and a depth of 11 in. From Table 4, p is .0133, and from Eq (9), At is 0.88 sq in, or from 
Eq (10) and using i8 1 300 from Table 4, 

, 12 500 „„„ . 

At " —:r-r- : “ "*98 sq u 

1 300 X 11 

Table 3 shows that several combinations of bars may be used to give this area. Thus two 0.7S-in 
round bars (ares > 0.8H4) or three 0.625-in rounds (0.921) are suitable. 

In choosing the number and sise of bars, observe the following points. A minimum number 
is desirable (2 for this beam), and if 2 are used the area is less than for 3, giving a saving in cost; 
and there is no *' sise extra ” for the 0.75-in sise, while there is for the Vs- But if web reinforce¬ 
ment is necessary (see below), more than 2 bars are advisable. Also, 3 bars will have a greater 
surface area than 2 bars for the same cross sec area, which will lessen the unit bond stress- finally, 
there must be a certain minimum clear distance between bars (1.5 diameters for rounds and 2 X side 
for squares), and there must be a certain thickness of concrete protection over the steel. Concrete 
protection for reinforcement shall be at least 1 diam for rounds and 1.5 X side for squares. For 
surfaces not directly exposed to ground or weather, the protective covering should be 0.75 in for 
slabs and walls; and 1.5-in for beams, girders and columns. Table 5 gives the least width of beams 
for diffarent numbers of bars of diam t, or side s. 

In Example 1, if 2 bars are used, a beam 5.5 X 0.75 ^ 4.12 in is necessary; or for S 
bars, 8 X 5/g B 5 in. Hence from this standpoint either oombmation is satisfactory. Fig 12 
shows detail of beam using 2 bars. Since J is the 

effective depth to the center of steel, to get the —t;- 1 ' ■ ■ ^ .^ ^ —T* 

total depth an amount e must be added for protec- ' ' “'-a'.’ ’ 

tion. Hence e “ 1 X 0.75 — 0.75 in; but this is ’ A. ^ 

less than the l.Sinspedfied as minimumfor beams. , . . * * , 

Hence total depth - (11.0 + 1.5 -f 0.5) X 0.75, • * . . /.Cs,.*.*-- 

or 13 in to the nearest 0.5 in. n * * *' 


Table 6. Spacing of Reinfordng 
Bars 


No of 
rows 
of bars 


'A*. >;■ 


. - 



Least width, b 

Square, s 

Round, i 

4 

3 

7 

5.5 

10 

8 

IS 

10.5 

16 

13 

19 

IS.S 

22 

18 

25 

20.5 

28 

23 

31 

25 5 



I 10 I 31 I 25 5 I 12. Beam with 2 Beinfordag Bms 

• JBxanpit t, Suppoee on aeoount of clearanoe, the total depth is limited to 11.5 in, and the 
effeotivs depth is 9.6 in, or less than the balanoed depth of SxampU f. The oonorete will eontrol 
and be stressed to full working strength, while the steel will be understreased. To keep ft below 
1 200, the beam must be overreinfOToed. Thus solving Eq (3) and (8) with d “ 0.5 in; k “ .570. 
From Eq (7), p - .0878 (against .0133 for balanosd depth), and A, - .0378 X 6 X 0.5 - 2.16 
sq In. Also/e still be 1 200 and/s (from Eq (1)1 will be only 9060. A double-reinforced (both tension 
and eomprsaaion bars) beam may Be more economical in this desii^. . —. v , 

. Mtanpli a. Suppose a totd depth of 14.5 in (d - 12.5 in) bad been used. Tbm wffl be lese 
steel, StTMsed to full value, while the oonorete will be understressed. The beam will be under- 
reinferoed. Using A « 1 300, as for a balanoed beam, Eq (10) gives a suffieiently dose .approx for 
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At, <a 0.770 IQ in. Hence p ■ .0103 end i, from £q (4) k .36$, JVoin Eg (^,Jk .$79 and tnm 
^ ■■ ITTSOpee. From £qi (1), 4 * 1P > ^ 

Sxampli 4. Slabe. may be similarly desicned. Required a reinforced oonnete floor slab of 
balaoood depth to carry 600 lb per sq ft on a 10-ft span. Assume /« » 800, /« ■> 20 000 pti; H ii 
6 260 ft lb, for a strip 12 in wide as a simnde beam. From Table 4, C is 10.94, and since h is, 12 in, from 
Eq (5), <f is 7 in. Also from Eq (9), At is 0.612 sq in per ft width of slab. Necessary speeina in 
inches of bars of any sise to obtain this area «• 12 times area of 1 bar divided by reqiui^ area (A») 
pw ft of width. Thus 4/e*in rounds, 6 in o*o, or 0.75^ounds 8*in c-c, could be used. Bar spacinaB 
be* a^ven in even inches if possible. Minimum protection is 1 diam or 0.75 in. Thus for 6/e-bars, 
total slab ^Pih would be 7 + .76 -f- e/e or say 8-ia and 8.5-in for the 0.76-in rounds.' Most eco¬ 
nomical slab, 6/g>in bars with 8 in depth. 

Example S. In usina these formulas to compute bavk iaiao for an existtne beam, first find p 
from Eq (9), then k from Eq (4) and Mf and from Eq (2) and (3). Equate the snudler of these 
to the ezternid moment, and solve for the load. Find the safe load for a rectangular beam simply 
supported on a 10-ft span. Beam is 8 in wide, and 12 in deep to center of steel, and has 0.06 sq in 
steel. Take /s ■■ 1 000 and /« ■> 20 000 lb sq in, hence from Eq (0) p is .01; k bom Eq (4) is 
.383i j from Eq (8) is .872; Afj is 16 750 ft lb and Me 16 000 ft lb. This beam is over reinforced and 
would fail by crushing the concrete. It could carry 16 750 ft lb moment, and the steel stress would 
not exceed 20 000 lb per sq in, but the concrete strqss would exceed 1 000. Hence M must not 
exceed 16 000 ft lb, at which time /« >< 19100 from Eq (2). Also M m uiP + 8 - 16 000 and 
IS » 1280 lb per lin fi, including wt of the beam, or about 1180 lb of live load. 


Diagonal tensioa, ahear and bond. Besides failing by crushing of the concrete or 
yielding of the steel, the beam may fail by diagonal tension or by bond failure. Horiz 
and vert shear, modified by the fiber stress due to bending, produce max tensile stresses 
having direction shown by curved lines in Fig 13; hence, best position of reinforcing bars 
would be curved to follow these lines. 

‘ If horia bars only ate used, since concrete has little tensile strength, a beam may fail 

due to inclined or diagonal tensile stress at ends, 
(musing cracks A. A (Pig 13). As it is imprac¬ 
ticable to compute diagon^ tension, which is 




UUWM 





AAA/ AAA 

^ No tension Inconcrete 
because of cracking 
Fig 18. Diagonal Tensile Stress 




Harh 

Bui^l 



]Fig 14. Common Forms of Stirrups 


dependent on the shear, shear is used as a measure of the diagonal tension in experi¬ 
ment and design. To prevent failure in this way 3 methods are used: 


1, Shear is kept below safe value. The max intensity of shear itv •• V + ij'd (11) 

With no web reinforcement, this should not exceed vc, which is limited by specification to «« » 0.02/'e. 
In slaba where it is impractical to place web reinforcement, depth d is increased over that required 
for bending, it necessary, to comply with the above condition. 

2. Bent-up longit bars, with inclination of 15° or more to aids of reinforcement. If this is done, 
« may not exceed .06 fe; that ia v' cannot exceed .04 fe and «e equal to .02 /'«. Compute the distance 
from support to where » equals ve and beyond which no web reinforcement is necessary. Bend up 
one or more bars (preferably symmetrically) at angle 0. Compute aver total vert shear F' over a 
length of beam I’, in wMeh a portion of the shear is to be taken by bent-up bars. Stress in bar is 


A) 


V'V 

A«id(gm 9 -I- cos 9) 


( 12 ) 


which should not exceed eafe etrese for the bar. Suitable adiustment of diatanoe 1' will give a 
solution which meets all conditions. Note that bars can not be bent up until they are no longer 
required hi tm^ion reinforoeipsnt for bending. The diatanoe from support x, where bars ot area f 
may be bent up is given by 


X 




as) 


where I is span and m ia total area of bars. This formula is derived on basis of a unifca'mly dis¬ 
tributed load and oan only be used for sueh. Also the bond stress in the remaining hwis ban 
abould not exOeed a anfe vakia of JMt/e for plain han^ or .05 ft for deformed bars. This atreae u 
will be greatest at support and equals 

•» 



Ben must extend into the sn|iport at |ewt 10 and it the kWa bond stress veliies pre eXcMdod, 

specisl anchoragm (hooks) must be provided. . ^ , 

. 8. Stirrups we ufte^ (Ffo 14) . If these are ooinputed ip taidi thbWz^ c', over what the odnerOtk 
takp, 1 ^ the shew $trp»t.v sniopld not fxOeed .06 ft, ujnJeis the longit steel U Spodklly anehoreif Ihd ia 
should •exceed.12:r,. ' ‘ ! 
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/or oftrrup iuign (Fig 15): (1) find length to be reinforced, Jt - | (t - 

W Wd «« rf ^ ^ ta D, (3) .pp,o. d «lmm 

zx 

^ ~ 4 ’ ®* 1 lOK of 1 Btirrup, a - V*^; (6) select neerMt else to glTS arce a. 



(»/4". »/8". (»: Vs"); (6) adjust number of stirrups for sise selected, JV » 1/2—; (7) speee 

a 

according to Table 6, without exceeding .SOd. Adjust spacing to nearest 1/2 in and add stirrups 
where allowable spacing is exceeded. 

Table 6. Coefficients for Spacing Stirrups 


Total number of stirrups 


2 

3 

a 

5 

6 

7 

8 

9 

10 

II 

>2 . 

n 

.13 

.09 

.07 

.05 

.04 

.04 

.03 

.03 

.63 

.02 

.02 

1 

.53 

.29 

.21 

.16 

.13 

.11 

.10 

.09 

.08 

.07 

.07 

2 


.62 

.39 

.29 

.23 

.20 

.17 

.15 

.13 

.12 

.11 

3 



.67 

.45 

.36 

.29 

.25 

.22 

.19 

-.18 

.16 

4 




.76 

.50 

.40 

.34 

.29 

.26 

.23 

HI 

5 





.73 

.54 

.44 

.38 

.33 

.29 

WSsm 

6 

n ■■ 

number 

of the 

stirrup 


.75 

.57 

.47 

.41 

.36 

.32 

7 

from the support. 



! 

.76 

.59 

.50 

.44 

.39 

6 

To find distance from support 




.78 1 

.61 

.52 

.46 

9 

to any stirrup, multiply the fac- 




1 

.79 

.63 

.55 

10 

tor from table by X, in. 




• 



.80 

.65 

It 









i 


.81 

12 


T-bbams. The area of concrete below neutral axis in a rectangular beam is of no 
value against bending. If part of , 

it is removed the resulting T-beam J*- h - *1 

(Fig 16) will be stronger, as it is 


relieved of some dead load. Hence, 
as long as t exceeds kd, the beam is 
essentially rectangular, and the for¬ 
mulas for rectangular beams are 
used. If t is less than M, use Eq 
16-20. As shown in Fig 16 for rec¬ 
tangular beam, Eq 1, 6, 10 hold 



Ncutnl Axis 



Je c 


. 

STRESS 
DIAGRAM 

Design of T-beam 
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MOMENT DIAGRAM 


xanguiar oeain, u, w.- . , - _ ,,_ — 

an iieily well fot T-bcams. The compression carried by the small portion of the stem 



(Zkd - 2f\ t 
^ " V 2fai - f / 3 

m 

and can never exceed f 4- 2; hence, approx, 



^9 * 2 j 

(17) 

Actually 

Afs * 

(9) 

where 

i^d-f 


Alio 

(TM-tiWdd 
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(1« 
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ELEMENTS OF . DESIGN 


In designing T-beams, a balanced depth i^' ^dciia'vaa(i> but the proper proportions cd 
stem are found from other factors, as ards re^tuzed ,(of^ Shear dnd heiuiroom. In general, 
proper proportions for stiffness require that E^jtiall 'W between i/s and 1/3 d. Also, where 
the stem forms part of a floor, the dab of thiekt^ i he^ the flange, for economy the 
relation of b' and d should be such that' '* . 

d - ^rM + f,b^ + f + 2 (20) 

where r ■> ratio of unit cost of steel to concrete, or 50-70. The ^alue of t, where beam 
forms part of a floor slab, is fixed, and b should not be taken greater than 10/ + b', the dis¬ 
tance c-c of T-beams, or over 0.25 the span. For independent T-beams, b should not 
eiceed 4b', and / should not be less than 0.5d. Throe problems may arise. 


Example 1. T-beam is part of a floor system; t 
Max reaction 16 SUOlb; span 22 ft. Use/e 


:e6- 


■•4.5 in. Design sttm for moment of 62 700 ft Ib. 
2 000 lb per sq in; fa — 20 000. Max allowable 
shear •■ .06 / « 420 lb per sq in. Min area of 

stem b’d lot shear 16 800 H- 7/g X 120, Eq 
(1) •• 160 sq in, or say 0 by 16, as b' would be 
betTtsen O.Sd and O.Sd for proper proportions, 
^t from Eq (20) when b' = 9, it is economical 
to make d =■ 23.0 in. From Eq (17), At 2.68 
sq in, which can be made up by several dif¬ 
ferent combinations, as six .65-in rounds, placed 
in 2 rows of 3 each. Since d •■ depth to center 
of gravity of steel, the total depth is determined 
as in Fig 17, where e » 1.5 in. Checked by the 
exact formula, b •• (16t 6') •■ 81 in, or b •■ 

0.25 X 22 X 12 ■• 66 in. Use 66 in for b, ah it 
is the smaller. From Eq (19), as kd “ 4.70 in, 
this is a true T-beam. From Eq (16), ( •• 1.56 
in; from Eq (10); / — 19 600, lb per sq in, 
and from Eq (l),/c *■ 334, which is satisfactory. 
Stirrups must provided. 

Example 2. Design an independent T-beam 
for 40-ft spaa, to carry 3 000 lb live load, and 
assumed dead load of 1 400 lb per lin ft. Af 
triS 4- 8 o 10 560 000 in-lb. Max F - 88 000 
lb; hence min area for shear is 838 sq in, using 
/• and fe as in Example 1. Selecting b' •■ 18, 
and d M 47 in as good proportions, this may be designed as a balanced T-beam. Thus from Eq 
(6), k m .375 and kd is 17.6 in. Selecting / as 16 in, since it must be at least Vgd, this is a true 
T-beam. From Eq (16),/- 5.78 in and jd - 41,22in. From Eq (9),4*- 12.80 sq in, and solv¬ 
ing Eq (18), b- 36.7 in, which is less than 3b' as required and gives a good design.- To get the steel 
area required, 9 1 l/s-in and 1 1.25-in square bars cotdd be used. To place this steel properly in 2 
rows, the width of beam might be 20 in, instead of 18 in. End bearing required is at least 

- — 21.8 in 

18X450 



This assumes an allowable compression of 450 lb per sq in, and increases the load by 100% to allow 
for unequal distribution over bearing surface. 

Example S. Given a T-beam forming part of floor; (, b', d and 4a being known, find safe load; 
b from data above, and kd from Eq 19. If kd is less than (, use rectangular bdhm formulas; it 
greater, it is a true T-beam and s is found from Eq 16, giving id. Mf is computed from Eq 10, 
and Afe from Eq 18, and the smaller used. Also, test strength in shear and bond. 


Reinforced concrete columns. General formulas apply to “ short columns,” where 
unsupported length does not exceed 10 X least latersd dimension. Principal columns in 
buildings shall have a min diam or thickness of 10 in and min gross area of 120 sq in. 
Noncontinuous posts between stories must have min diam of 6 in. Unsupported length 
of columns is taken as: (1) clear distance between floor slabs (or to bottom of capital in 
flat slabs); (2) dear distance between floor and imderside of deeper beams framing into 
column at next higher floor level; (3) dear distance between lateral struts providing 
adequate lateral supjiort. 

SdreUy reinforced colunuu (Fig 18). Permiasible axial load P, on columns with closdy simeed 
■pirais enclosing a circular concrete core, reinforoed with longitudinal bars; P — 4f (0.22/'e + ftPt)< 
where Ag — grogs area of column (including protective concrete covering, fe — compressive test 
strength of txmarete; fe — nominal working stress in vert column reinforcement — 40% of yield 
point (16 000 tor intermediate grade, or 20 (lOO lb per sq in for rail or hard grade steel, max not to 
exceed 30 000), pg ratio of effective orosa-seo area of wt reinforoement to gross area, Ag. 

Idfflltatloas for vortiegl roinforcoment. Pt is not leu than 0.01 or more than 0.08. Min aofflber 
td bus 6, min diam - S/s-inround. Also, o-cspsdng of longit bars within periphery of o(h« is not 
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ISH thm 2.M for round bu«. or 3 Xjidb'for sq bars, or a dear apaeinB not lees than 1.5 in, or 1.5 X 
max aiM of axgro^te need in tUb benoroM Inix. *Kroteetive ooverinc, poured monoUthically with 
eore, not lem than 1.5 in or IJi X'lfliKx alM afegregate 
(not Ion than special requiremenbs for'dre'protection or 
weathering). ■ 

Tied colnmiig. Penniesible load, when l^n- 1^1 

forced with longit ban and separate lateral ties, e^l S n B 

be 70% of that given for spirally reinforced columns: I 

Pf not less than .01, or more than .04;' longit rein- is* | 

foroement not lew than 4 bars, min dia —' t/g in. , “T ■*4^ 

Lateral ties at least 0.25 in diam, spaced not over 16 
bar diameters, 48 tie chameteiB, or least dimension T i 

of column. Each bar must be hold with lateral vj 

support equal to that pmvided by a 90° corner tie. U 


For composite columns (encased structural ateel or 
C-I and pipe oolumna and long columns) ace Am CSoncrete 
Inst BuildLag Code. ^ 

15. RETAINING WALLS (7) 





General. Retaining walls are of masonry, some- j' ''*i- ' i ' * I 

times laid dry for unimportant walls, concrete or ! . | ' ' I 

rubble concrete, or reinforced concrete. Principal ‘ ! ! ! i I 

forces acting are lateral earth thrust and wt of the ' "'‘S ' ', J j ] H 

wall itself. In gravity walls those are the only HU i* ! jP 

forces to be considered, but in reinforced walls the oouumh wmTveBTicAU sPWAtlv^iwEO 
stability of the various parts must be investigated. reinforcement column 

Gravity walls, when small, are built without Fig 18 . Reinforeed-concrete Columns 
special computation and of more or less standard 

section, that is, a top width of 1.5-2 ft, bottom width 0.4-0.6 of total height, front 
face battered 1 : 12. Foundations are carried below frost line (3-5 ft) and back 

sloped or preferably stepped as required by these dimen- 
sions. Drainage of back fill is most important in reducing 
press, and is cheaper than to use a heavier wall. Selected 
back fill of sand, cinders or gravel that drains readily is 
desirable where natural fill is of bad quality. The design of 
» larger walls involves checking stability against failure by 

/ tilting forward due to excessive settlement, or sliding for- 

^ Rw ward on base (Fig 19). Considering 1 linear ft of wall, 

/ the earth thrust E may be combined with wt of wall B’, 

j / producing resultant R, and if R passes outside toe of wall A 

, f liv overturn. R may be resolved into a vertical 

• */ W component F, which produces a varying base press, greater 

I M at the toe of the wall A than at the back of the baw (hence 

usual unequal settlement), and horiz component H, which 
f' tends to produce sliding. 

Fig 10. Gravity Retaining Earth pressure. Modem studies and observations indi* 
Wall cate: (1) E (representing about a min value of the equivalent 

bydrostatio press) *■ Kwh^ -{> 2, where to is wt of earth, 
lb per on ft, h is total height in ft, and A is a ooeff usually 0.3-0.6,* (2) K depends not only 
upon character of the earth backing, amount of moisture present and time after backing 
has been placed, but also on settleme nt of wall wh ich causes its tilting forward; 

(3) Rankin's formula E cos B ■ ■ —■ ..^ gives theoretical value of K tot 

cos 0 H- Veos® B — cos*^ 


Fig 10. 


Gravity Retaining 
WaU 


a vert wall with fill slopii^ upward from top at an angle B, the fill having a coeff of friction 
represented by angle For dry, granular material and horiz fill {B ■■ 0), as in design of 
ore Hina , value can be used. Fig 20 gives aver values of K for a number of materials, 
but must be used with caution and judgment. For important earth retaining walls cer¬ 
tain possible modifications must be considered, namely, that theoretically E acts at 
height above base; actually, dei>ending on amount of wall yield, it may act as high as 0.6 
and in deugn it is best to assume 0.4; theoretically, also, E acts parallel to dope of bMk 
fill, thus having, for sufcharged walls, a vert component (•■ JS? sin 9) wbicli aids stability; 
actually E may act hoiis, depending on presence or lack of friction on back of wall and 
Mt its tilting; ( 4 ) factors not^ in (3) may increase effect of J? to values twice those iodl' 
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Bimn 


III* Drain 


Stepped 

Wall 


Retaining 



oated by theory, henoe oonsetyative design requires ample margin of safety; (5) most 
failures occur (a) directly after heavy rain, due to buUdmg up of hydrostatic pren back 
of w^, so that provision for carrying off surface water from back fill and for draituitg fill 
by tile drains is most important, or (&) by gradual tilting forward of wall due to unequal 
settlement of base. This is Uabie 
to occur on soft, wet founda¬ 
tions uid emphasisea importance 
of drainage. 

Example. Check design of a wall ^ Batter 

for a dear height of 10 ft with horia 
fill (S » 0). Foundation, 4 ft deep. 

Assume w lor fiU, 100; wt of wall, 

150 lb per eu ft; material, well 
drained gravel, ^ — SS"; suitable 
top width, 18 in; ^al width of base, 

0.6 total height, or 7 ft. From Fig 
20, K •“ 0.3, E against a vert (Fig 
21) V 3 000 lb per ft of wall. Com¬ 
bining this graphically with wt of 
triangle of earth back of wall, 3 000 
lb, gives resultant press on wall, r. 

This combined in turn with wt of 
wall, 8 900 lb, gives resultant R 
which outs base slightly inside the 
third point Assuming a uniformly 
varying distribution of base press, 
this would vary about 3 400 lb per 
sq ft at the front (toe) to approx 0 
at the rear (heel) of the base. This 
design is to be regarded as a mini¬ 
mum; E being taken as acting at Va point of height (see under 3 above). For poorly drained 
soil K would exceed 0.3, so that a wider base would be required. Computed base press is moderate, 
but, while Y would not change (11 9(X) lb), the distribution of this press depends on moment of B, 
and thus the max value would be affected by changes in b and E. 

In the final design, the back of the 
wall would preferably be stepped, the 
sloping line in Fig 21 being an aver 
section. This insures vert action on wall 
of triangle of earth (3 000 lb), which can 
act only on the sloping back if friction 
(uncertain) exists between wall and fill. 
The upi)er 3 ft are often left with slope 
forming a frost batter to relieve ponible 
thrust from freesing (note also drain¬ 
age). Expansion joints must be provided 
at intnvala of 30-fiO ft (Art 13). The 
variation from the trapesoidal form in 
Fig 22 results in a slight saving of ma¬ 
terial and smaller base press. 

Reiofofced-concrete retoioiiif 
walls are of 3 tsqies: cantilever, 
counterfort and cellular. Forms for 
the counterfort wall cost more than 
for cantilever, but titte coxmterfort 
is more economical for heights over 
20 ft, while the cantilever is cheaper 
than the gravity wall, except for 
very low walls. The cellular type 
has been used where foundations are 
poor, and piles can not be used, and 
where waU must be built dose to 



MAR guv, SHOwnte 
VERT REiNFORCEMEN property line. 

CROSS SEC - CaatUever waO of L-type (Fig 28) is 

net e rt i md beyond it- Tlsw base press in such walls is liable to to high, requiring tto use of pilob 
IVhaneVM possible, the T-type (Jig *4). is used, as it not only requins a smaQer baas and is 
thaiqfsti aebnondaal, but it gives sm s Hsr base press. 

Iba tHrd poiat of tto 


Tbs vert stem sbould to placed at about 
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ELiBMENTg OF BTRUCTURAL DESIGN 


Daataw or ▲ OAMnLavas wall (Hg 24). (a) Ertimate ia made of iMokaeae of footing ok, wbieli 
determinae approx baight of the vert wall. Top width ia aaaumed aa 12 in, and,baae oe ia found by 
Eq 9 (Art 14), eonaideiing the wall aa a vntical cantilever slab aubjeot to the earth thrust Su 
and taking moments about a. If neoessary, this thickness is increased to keep shear bdow 40 lb 
par aq in, as web reinfortsement is not deeirable. This also applies to ab. (ft) Dimensions of base 
are asaumed, earth thrust Bs on plane OY is computed and combined with wt of earth and wall to 
find position of resultant on base. Front toe is then designed to keep resultant inside third and 
pmax as desired, (e) Rear footing. Take moments about a. Downward load is wt of earth in 
front of OY, and the vert component of Et, which is taken as being uniformly distributed over the 
footing. Foundation press acta upward. Design ah for bending and shear as in (a), taking steel 
requiredfromEq 10, Artl4. (d) Design front footing as in (c). Only force considered is the upward 

foundation press, (e) Redesign vertical wall, nsing correct 
value of ah from (c). All steel need not go to top. For A« 
use Eq 10, as in (c). 

Bottom projeetiem ia put on base to prevent sliding; also 
gives sufficient grip (Eq 16, Art 14) for vert bars below a. 
SPACi'Ka BABs are used to preserve the required spacing of 
main reinforcing (by wiring bars to them), and to bind entire 
structure together; usually 0.5-in bars. 18 in to 3 ft centers. 
TauPBBATDnx kBiMPoncsMBirT, consisting of small longit 
bars (0.6-in here) having a total cross-sectional area of 0.3 to 
0.6 of the area of exposed wall, and placed near exposed aur> 
face, localises cemtraotion cracks at frequent intmvala (not 
visible) and no expansion joints are necessary. Aa in the 
gravity wall problem above, this section must be regarded 
as a minimum; E may be greater, act higher and also be 
essentially horis, thus eliminating the vert component and 
requiring modifications in design. 

Counterfort walls are as in Fig 26. The vert wall is de¬ 
signed as a continuous slab, loaded with the earth thrust and 
Fig 25. Counterfort Retaining Wall eupported by the counterforts. Footing ia also designed as a 

slab, loaded with the downward wt of the earth, and subject 
to the upward reaction of the soil and spanning between counterforts. The counterfort is sub¬ 
jected to a varying load on 2 faces, enough horis and vert rods being usually put ia to take the 
entire slab and footing reactions. 


16. DAMS AND CULVERTS (7,9) 

A dam compriaeB 4 parts: the dam proper, spillway, outlet and gates. Sometimes the 
entire dam is a spillway and in some diversion wqrks it is made up of a series of gates or 
outlets placed between piers. Dams are built of earth, timber, masonry, concrete and 
reinforced concrete. The design of dams can not be fully treated here; it requires exten¬ 
sive knowledge and experience, and is under state supervision in several states (9). Eabtu 
PAiiS are built either with or without a masonry core. Their design, while formerly based 
largely on empirical rules and atill depending on judgment and experience, has recently 
been improved through increased knowledge of soil physics and mechanics. The basic 
problem is the demgn of an earth fill of a form and on a foundation which will not settle 
excessively or shear under vert wt, even when much of fill is saturated, and will not permit 
dangerous seepage. The former requires coarse, stable material; the latter, the presence 
of fine, well compacted material to fill voids. If suitable materials are available for ,a 
mix of sand and gravel for stability, with enough fines and clay for low permeability, no 
core wall is used. Such dams are constructed: (a) by placing the fill in layers, with com¬ 
pacting by wetting and rolling with sheep’s-foot rollers (study of soil characteristics 
and control of water used detennines amount of rolling required); (b) by full or semi- 
hydraulic methods. Full hydraulic method is probably the cheapest, but is difficult to 
control and can be used only where suitable material is available at a sufficient height 
above the dam. Best material is a mixture of sand and gravel with 25-35% clay. This 
is sluiced to the dam site with hydraulic giants (Sec 10) and delivered to the dam at the 
up and down-stream faces from a trestle, either erected in the dam and built in as work 
progresses, or supported on scows floating in the pond of water which is constantly main- 
t^ned over the entire section of the dam. The heavy material in the. water is deposited 
at the edges, which are.being built up by stones raked from the deposit, and by brush and 
stop planks. The finer material is carried in suspenrion in the water, finally settling in 
the central part of the structure and forming a dense embankment.' 

SHenfiile «[ design (9) are: (a) suitable foundation and bemd between dam and 
foundation; if foundation ia earth, its quality both to support dam and as to penueabUity 
muat be aatisf^qtory and all loose soil, boulders and stumps shbtfld be removed and the 
expMed surface roughened by plowing to give bond with fill; if rock, low concrete dhtnaff 
or 9^ extending into ^ may be needed to prevent seepege: ib) no emth jUl «na be 
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fuBy impervious to water, but line of saturation through the dam must be below its down* 
stream face; (e) moderate slopes for embankment are thus essential; slopes may be from 
1 on 2 to 1 on 4 or more; (d) elev of crest above highest possible water level must be 
sufficient to preclude possibility of overflowing. On the water side the slope is usually 
protected from wave action by dry rubble paving or riprap. The downstream side may 
be sodded or seeded to prevent wash. Top width is usually 5-30 ft, or about 0.2 the height 
+5 ft. Elev of crest above spillway is found by adding to the max depth of flood over the 


spillway the probable height for 
waves, and to this an allowance of 
2-S ft for frost. This insures that 
the material exposed to water 
action will be below frost action. 
Allowance for waves is: for a 
“fetch,” or exposed water surface, 
of 0.5 mile, 2.5 ft; 1 mile, 3 ft; 
2 miles, 3.5 ft. When suitable 
material is not available a cobe- 
. WALL is necessary. A puddle core¬ 
wall is made by filling a trench 
left in center of dam with clay 
placed in 4 to 6-in layers, made 
plastic with water, and carefully 
worked by spading and ramming 
BO as to make it homogeneous (Fig 



Fig 26. Puddle and Concrete Core-walls for Earth Dams 


26). Core-walls must go down to 

an impervious foundation and be securely bonded into it, and fdjould reach to highest 
water level; they are placed near center or on upstream side of the center of the dam. 

Rock-fill dams (Fig 27) are a Westeni type, used where no suitable earth is available, 
transport difficult and rock abundant. The bulk of the structure is loose rock, dumped 
into position or placed by derricks, the dam being made unpervious by use of earth, lumber, 
concrete or steel. Where lumber is cheap 2 layers of 2-in planking are us^, sometimes 
W'ith tar paper between, the planks being spiked to stringers bolted to hori. ..s in the rock 
fill. For more permanent construction a steel face may bo used, coated with cement or 

asphalt concrete. Concrete decking 


- 
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J?on nek 
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Otwel tij perrtoM naterM f Ceyrrte j»»ru. 


DETAIL OF 
CUT OFF WAt ^ 
AND PLANKINC 


HichwetR Ripnps consisting of reinforced slabs with 

I _a:;- * vort and horiz joints resting on 

■ Ti , - r :- " : . : concrete sills have been used in 

— - l>^rg® dams. 

— Sulk I Mie nek j at 

Masonry asms are now made of 

. -g;— ; J I- - 7,. —7^-.- Portland cement concrete, this being 
'”***'7^ generally less expensive than the rubble 

masonry formerly used or than cyrlo- 
. Solid rock ' pcan concrete (concrete in which large 

•tones or “plums” are embedded). 
Modern practice emphasizes the im¬ 
portance of a dense concrete, to reduce 
percolation and insure greater perma¬ 
nency, and thus relatively dry mixtures 
with careful tamping to avoid segrega¬ 
tion are advised. 

Design. The basic form is a 
triangular section with upstream face 
vert, or nearly so, and downstream 
slope determined by base width. 
Pig 27, Rock-fill Dam Principal forces acting are water 

press (See 38). For vert back, P - 
wA* + 2 and wt of structure. Assuming sp gr of masonry - p, wt of sec per ft is pwhk 
+ 2. - It is usually required that resultant B (Fig 28) pass inside 1/3 point of base as m 
retaining walls. Moments about Vs point give Ph -J- 3 - F5 + 3. from which h * * VP- 
For w - 62.5 and pw - 140 lb per cu ft, p - 2.24 and the requir^ b is th^ about 0.7 A. 
For extremely high dams, or dams on poor foundations, b is detemin^ by allowable 
ItfwB rather than the above .condition. Top of dam is 2 o^ft above high water 
level, top width about C.l A by adding triangle shown in Fig 28. 

frequently be allowed for (requiring «™ater 6), are uphft pi^s m toi^alton or jo^ 
brtweentoee and foundation and, more rarely, ice thrust Uplift may vary from CM 



Solid roeJe 


Pig 27. Rock-fill Dam 
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lb pm aq ft Mting vertically upward at heel O, to aero at toe A, whese Cie 0.8-(y«6or more, 
: on character of foundation. 

Veaadatiea. Small dama, to 20 ft or ao in height, have been built on hardpan, oompaet aand or 
<eMi cutoff aheat pUi^} on gravaL In general and for higher dama a rook foundation ie required. 

' Thwign muat alwaya be adapted to foundation oonditiona and thus raquirea knowledge of aite and 
eiverlettae. 

Curved or arefaed dama of a sec aimilar to gravity are often used, eapeeially for Uie higher atrae- 
turea Curving a gravity dam doea not add to stability or lead to economy unless arch action is 

provided for in the design and oooetruetion, that is, 
an arched-gravity see ia actually designed (see Bib). 

r-j ' 1 Timber dams (Fig 29) are built of indined timbtt 

\ 1 cribs well fastened, filled with atone to give wt and 

' \ '«-T-Added for decked with plank. Sough oomputadona oan be 



Anchor Bolts 


Cutoff 

^nch 




Fig 28. Gravity Dam 


(a) 

Fig 29. Timber Dama 


made to check stability and sliding. Brush dams, brush tied in bundles with butts downstream 
and weighted with boulders, often sufllee (or temporary construction. Buttress dama, of rein¬ 
forced concrete with inclined reinforced concrete or arched deck supported by triangular buttresses 
at intervals of Ifi to 30 ft, may be economical in special locations. 

SpBwayi, or waste weirs, must be able to pass safely flood flows, and are therefore 
designed with a liberal safety factor. When possible the spillway should be apart from 
^ main dam. Its length is usually 

* ^58^ flood width of the stream 

channel below, and probable depth 
of flow H can be found as in See 38, 

Fig 30 shows types of spiUways. 
When the stream bed ia solid rock, the 
Free fall Oges ^ Stepped about 10 ft 

—^ If i . . high, although a height of 20 ft has baen 

used. In the ogee, or reverse-curve 
I I ] > section (an Amwican type) Uie water 

• \ leaves foot of dam with a direction par- 

^ allel to stream bed, its velocity bdng 

™ \ * destroyed by the backwater from bdow. 

I I Where no backwatn erists, and stream 

I ■'•CJETy bed is of soft or loose mnterM, an apron 
of concrete or paving ia necessary to 
prevent scour and undermining. Uimer 
Water Osahtsa part of spillway curve is full enouji^ to 

Fig so. Spfflways for Dams cause (he overflowing water to adhm to 

the face of the' section; otberwiss a 
paitU vneoum sdgbt occur, also hurtful vibration. Fig SO shows the curve used, C being 1,6 
for high, to 2.3 for low, dams. For gravity spiUways, the section must he heavy enough for eta^ 
bUiW' T^flowar amn* ia often made the reverse of the upper. The water cushion, ottpp used by 
ShtfA msgiBems, Is uatare’s ased^d in many natural waterfalls Mid is also used with' ugse and 
algglmi aaetioaa. The dspthisgnanlly asadeabout l/gthefaU; tliawidth,3 ordtimsstha dapth. 


Water Omhtan 

Fig so. 


Spfflways for Dams 
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Otttf ctt kitd gfttM ahoold be kept away from the dam if powible, so an accident may not endanger 
the main atnioture. For low earth dama the arrangement ahown in Fig 31 can foe uaed; for hi gi^ 
dama an inlet tower near toe of inner alope ia preferable. Tbia allowa water to be drawn from dif¬ 
ferent levebi which ia deairable for water-aupply worka. Soreena are provided to keep out large 
rubbiah and fiah. Area of acreen openinga abould be 2 or 3 timea the area of the pipe, and veioc of 
flow through the acreen ahould be low. Finer acreent ^ould. be put on portable framea, for ready 
removal and cleaning. 

Oatea are generally of the aluice-gate type, obtainable in circular or rectangular form up to 0 ft 
diam, or 8 by 12 ft, and even larger. They move in vertical guidea aet in the maaonry, and are 
operated by band wheela, cranks, or electric motora. A blow-off outlet for draining the reservoir is 
esaential. 


Seepage around the outlet pipes of earth dama may cause failure; all parte ahould be accessible 
for inspection and repair. Pipes are bedded in concrete, with wide collars to prevent direct flow of 
water (Fig 31). In more coatly construction the pipe ia in a II i I 

special concrete or masonry tunnel. It Ijl I * 

Headworka for a dam for diverting water into a canal are „ . J [ I / 
shown in Kg 32. A scouring sluice is essential, when much ”**^***^>^^'/ / 
sediment ia carried, which is deposited behind the dam due i\ 

to decreaae in velocity of stream at this point. Sediment \ )i r 

can be kept from the canal by opening the scouring sluice fl'H i T i 1 1 III 

during flo^ flows. ^ r.'jT"" '' ' 

CoDoretsetilae ******'*jL^ I li I ! 1 



m 


OrurI...... DIvmloa 


CoBOteUrgollara at _ 

^ps ioints 

Fig 31. Outlet and Gates for Earth Dam 


Seoarliw 
■tulcR 

SECTION 

Fig 32. Headworks for Diversion Dam 


Culverts are small openings to carry stream flow or drainage, under an embankment or roadway. 
Formerly C-I pipe or timber, masonry or concrete box sections were used. Today corrugated iron 
pipe is common, especially for amaller sixes, and concrete pipe for larger, but the iron type has been 
uaed up to a diam of 6 ft or more. End walls of concrete or masonry prevent scour and entrance of 
wash and rubbish. Most important point is selecting sixe of culvert. Diam less than 1 ft should 
seldom be used, as smaller sises are apt to clog. Ample area is desirable and may be estimated 
from cross sec of stream in time of flood, as shown by high water marks. Culverts of larger siae 
become small bridges and are designed as such (Art 14, 23, 29). 


ANALYSIS OF FRAMED STRUCTURES 


17. SIMPLE FRAMEWORKS AND LOADS (10, 11,13) 


Tmgg is a framework designed to carry loads over larger spans than are economical for 
beams. Fig 33 shows types for bridges; Fig 34, for roofs. 

The loads from the floor of a bridge or covering of a roof truss are transferred to the 
panel points (where members join) by the floor beams or purlins. Hence, truss members 
do not carry loads directly; they are 
only subjected to longit stresses due 
to lire load. But, since their own 

dead wt^produces cross-bonding, the (a) Kingpost (fo) QsecnPost 

truss m^beis are subjected to com¬ 
bined bending and direct stress. As 
bending is unimportant except in 
large stractures, it is customary to 

consider the dead wt of the truss as (**) Wsrreu (d) Pratt 




oonoentrated at panel points, and 
tire truss members are designed 
sinoly for tension or compression, 
n — sign indicating compression 
and -h tcmsion. 

In .bridge wmrk, if the floor sys- 



(elBows C/)l>ack Truss 

Fig S3. Typiesl Bridge Trusses (a, b, e, d, s are Throui^ 
Trusses) 


tana is supported at the panel points 

of the lower chord it is called a waonoH iroes, if by upper ch«d a nwac mnw. The 
priori^ of division triangles is also land for tlM teaoing of towers and otiMT atmctnraa. 
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IXEMliNTS OF SKBtICTCBAL DESIGN 


In the fidlowinc uuJysia only simpl* truasM will ba eonudemd. StruotuTM oontaining Bsoujr* 
DAMT VBiinwui nnd o^«r tpeeinl forma can not be investigated by ordin«y methods, as the Btresaea 
depend upon the relative elongation ot the different members and are computed by the Theory of 
Least Work. Thus, the braoad brat in Zig 80 would be staticaixt XMonnuuMATS, if both diag' 

onala were oounterbraoed membera ca¬ 
pable of taking both tension and com¬ 
pression, that is, were oonsid^ed as 
acting simultaneously. Loading carried 
is of 2 kinds, dead load and live load. 



(a) King Truss 


(b) English Trnas 




(c) Fink Truss 


id) Compound Fink 



(e) Scissors Truss 


(f) Truss for 
Saw-toothed root 


Fig 34. Typical Boof Trusses 


Dead load is the wt of the 
structure itself, and can be closely 
determined. Table 7 is useful for 
computing dead loads. In designing, 
the dead wt must generally be esti¬ 
mated, and computations revised if 
the estimate subsequently proves to 
be in error. 

For Booy TaussBS the approx 
wts are found as follows. For 
wooden trusses, W ■■ 0.6 of (1 -f 
0.161), where W -= total wt of 1 truss, 
lb, a distance c-c of trusses, ft, and 
1 » span of truss, ft. For steel roof 

trusses, W >- 16-, where w is the 


load in lb per sq ft of borix projection which the truss supports, including the wt of truss 
and bracing, and a is the working stress in tension, lb per sq in. 


Table 7. Weights of Materials, in Pounds 


Masonry 


lb per 

Metals 

lb per 

Briokwmrk. 


. M5ouft 

Cast iron. 

.... 450 on ft 

Cement (Portland).. 


. 100 “ " 

Wrought iron... 

_ 480 “ “ 

II 14 


. 376 bbl 

Steel. 

.... 490 •* 

“ natural. 


. 282 " 

Brass, cast. 

.... 505 " 



20 lb 

Lead. 

_ 711 “ " 

Concrete, cinder. 


. 1 iO cu ft 

Zinc.-. 

.... 438 “ •* 

" etone or gravel... 


. MS •• " 

Timber 


'* Cyclopean. 


. 155 “ " 

Chestnut. 

.... 41 cu ft 

“ reinforced stone.. 


. 150 " •• 

Hemlock. 

.... 25 “ “ 

Granite, ashlar masonry.... 


. 165 

Oak. 

.... 50 “ 

Ploater, 2 coat. 


6 eq ft 

Pine, short leaf. 

.... 35 " 

T C floor arches 6". 


26 “ " 

“ long •* . 

.... 40 *■ “ 

y'. 


31 

Spruie. 

.... 25 “ 

10". 


37 

Hne, white. 

.... 25 “ “ 

12". 


42 

Boofs 


partitions 3". 


16 

Corrugated steel.... 

.... 2-3 sq ft 

4". 


17 

Shingles.. 

.... 4-6 " " 

e'. 


25 

Tiles. 

.... 6-8 •• 

Mo-tar, Portland cement.... 


. 135 eu ft 

Slate. 

.... 6-8 •* “ 

Stone 



Gravel and tar. 

....8-ie " “ 

Gneus. 


. 170 ou ft 

Tin, with aheathing. 

.... 6 “ 

Granite.-. 


170 " “ 

Paving and track 


Limestone. 


. 165 " •• 

Stone block pa-ving.. 

.... (60 ou ft 

Sandstone... 


. 150 “ “ 

Brick paving. 

... 160 “ •• 

Marble. .. 


. 165 •• •* 

Asphalt and concrete paving. .,. 

... 130 " •• 

Loose rook . 


. 100 " 

Wood paving . 

... 70 “ “ 

Gravel, clean... 


. 100 “ 

CrooBtiee and guard rails. 

.... xOOlinft 

Earth 



Bails and fastenings . 

... 200 “ “ 

Loam, loose . 


, 76 cu ft 

Miscellaneous 


Dry, rammed . 


. 100 “ “ 

Coal, broken ... 

,... 53 cu ft 



. 110 •• “ 

Grain . 

... 48 " “ 

... 

flihTirf, Hpy . 

' 

. 90 " 

loe . 

... 58 ** “ 

Clay, loooe . 


. 65 " •• 

Snow, fresh . 

8 “ " 

Cindos . 


. 45 " 

Watw . 

. .62.5 •* 


For Inidges many formulas are used, depending bn type of bridge and loading. Data 
on ithe wt of girders and trusses may be found in Bridge Engmeering,” by J. A- L-' 
Ipifiiril. For BA girder bridges, the formula W ■* hi* is often tbed, where k ia 12'ld 
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for aver loi^s and working strenes. Hudson's formula for RR trusses is W 



where A «■ net ares of the largest tension chord. In analysing the stresses due to 
nsAo ixxans. the loads obtained from these formulas are divided by the number of panels, 
and oonsidered as being applied at the panel points. Lira loads are uncertain in amount, 
and are generally fixed by specification. Max possible lokdiug must always be used. 

Floor loads in buildings are usually design^ for a uniformly distributed live load of 
7&-250 lb per sq ft, depending on type of building and on the local building code. For 


15 

|ron tmcl^ 


I I 1 


M 

JTon tmel^ 

■Q-. -Q. 


u 

jroD tnict^ 

jQ—Q- 


15 

yon trnck^ 

-^i)... Q 


-to!- 


■Ai* 




«-30!— ^ 


<f-14!> 


-to!- 


14U«-to!: 


Fig 35. H-20 Loading for Highway Bridge 


highway bridges, the so-called H-tbuck-train loadings are commonly used. Fig 35 
shows arrangement of the H-20, from which the others can be prorated; 3 classes are used, 
H-20, H-15 and H-10, the particular truck train selected depending on importance of the 
highway. For RR bridges, a concentrated load followed by a uniform load are used, 
representing 2 locomotives followed by a train, and are known as E-50, E-60, etc, indicat¬ 
ing the Kigine axle load. Fig 36 shows E-50 loading (for single track bridge half of each 
axle load is carried by each truss or ^rder). E-60 is used for second-class roads; £-72 ia 

Loads In thousands lb 

8 8S38 8888 8 8SSS 8888 towis 

O QOQ no nn^n QOOO n n n n 

8' 8'5'6' #' 6' •' 6' 8' 8' 8' 8' 8' 8' 8' 8' 8' 

Spacing of wheels In feet rw laid pwwhstiw nil 

SI»M* sbew toads ty 8 

Fig 38. E-50 Loading for K: R Bridge 


recominended for first-class roads. To obtain E-72 from the diagram, multiply the axle 
loads given by 72 4- 50, the axle spacings reinainii^ the same. 

Wind load. For exposed structures, specifications range from 15 to 30 lb per ft of 
area exposed to the wind, the area taken being the vert projection. For sloping roofs, 
wind and snow effects are often combined in a single vert uniform load. 

Snow loads must be considered in designing roofs in cold climate; in some structures 
temperature stresses also. Table 8 gives values in lb per sq ft of roof surface, of equivalent 
vert uniform load to replace combined wind and snow loads for calculating max stresses 
in roof trusses. 


Table 8. Equivalent Combined Snow and Wind Loads (Vert) 


Locality 

Flat 

20* 

30* 

45“ 

60“ 


40 

35 

24 

26 

28 


35 


24 

26 

28 

Southern and PadRo States. 

30 

I 20 1 

24 

26 

28 


Impact streases must be allowed for in structures subject to moving loads. This is 
usually done by multipisring the live load stresses by an impact factob. For highway 

50 

bridges this factor I is often given as / » , where L is length in ft of the por¬ 

tion of spaa sdiioh is loaded to produce the max stress in the member considered. For 
RR bridges the impact factor is / (1 ~ 0.006L) 0.2. This expression takes care of 

both the Itirriiiiig and direct vert effect, and is good for bridges leas t ha n 100 ft long. 
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ELEMENTS OF STRUCTURAL DESIGN 


18. METHODS OF TRUSS ANALYSIS (10,11) 

Algebraic meihod. Stresses in the members of simple trusses are found ligr applying 
the 3 laws of equilibrium for coplanar forces. 2F « 0, SR >■ 0, and XM 0 86, 

Art 30-83}. Two procedures are common, method of joints and method of moments. 


Fla 37 shows half of a Fink truss. The loadings P, P, etc, are determined by adding to the roof 
load, brought to the joints 1,2,3, sto, by the purlim, Vs the total wt of the truss, whieh is supposed 




to be equally divided among the upper 
panel points. Vert load 3,5 P, acting 
downward «t A, can be neglected, as 
it is carried directly by the support. 
By the method of joints (Fig 37a) a 
section ay is passed, cutting members 
A 1 and A 5. ^ce SV and XH 0, 
by the resolution of forces, and since 
B ■ 8.6 F, the strese in A 1 ■■ 3.6 P 
stn 9, and stress in A 5 « 3.5 P tan 9. 
By method of moments, a section is 
passed generally cutting 3 members, 
the stress in one of which is desired, 
and the formula XM » 0 is applied, 


Jig 37. Truss Analysis by Method of Joints taking moments about the point of 

intersection of the other 2 forces. 


J A 

' Thus (Jig 376), pas'ing the section ys and taking moments about 4, 3.6, P^~ - PI — (stress 

2 8 

in 6-6') r ■■ 0, or stress in 6-6 ^ PI ■¥ r. The section passed may be either straight or curved. 


Thus (Fig 37e), passing the section mo and taking moments about 4, (PI 8) -f (stress in 2-7) r + 2 
0, or stress in 2-7 Pi + 4 r. For the common rise of 1 in 4 (• r I), the streeses in the vari* 
ous members found by the continued application of the above methods are shown in Fig 38 in terms 


of P. The member 4-8 serves simply to support member 6-6' at center and is not an essential part 
of the truss and figures as carrying 0 stress. It actually carries 0.5 the wt of 6-6'. 


In applying the method of moments to the braced bent in Fig 39, members AC and FD 
must be prolonged to intersection at O, outside the truss, and moments taken about O, 


Thus, for the wind load shown, reactions 
are equal and may be found by moments 
about A or F. (Diagonal members are sup¬ 
posed to be in tension, and the dashed mem¬ 
bers are not taking stress for the loading 
shown.) To get stress in AE, take a sec through 
AB, AE, EF (Fig 39a). Taking moments 
about O, Pi6 -f Pi (a -H 6) — AEx' «• 0, giv¬ 
ing stress in AE. To get stress in DE, take 
sec through DE, BE and BA (Fig 396), and 
moments about B-, thus Pio — DEy » 0, giv¬ 
ing DE. To get BE. take same sec (Fig 39e) 
and taking moments about O, BE (a + &) — 
Pih — P* (o + 6) » 0, giving BE. 




Fig 38. T^uas Analysis by Method of Moments Fig 39. Anidysis of a Braced Bent 


Onphieel method. This is often easier and shorter than the algebraic method, due 
chiefly to the Bow system of notation. There are 2 diagrams; one a truss diaoram, 
showing Htiim of action of the forces in connection with the structure itself, and the other 
aimpiy g FORCB roLTOOR. Rsactiona in many cases ms detmmined gra^oaUy, but it 
may be simpler to obtain them algebraically by method of moments (see above). 

, fTlMsi^thlMaiiai»isldaiposttnss(ng4(>i6. esnytetaooiicsatoalsdlosdatttsesBtsr. F^low> 
jgg Bowh aots t lO B , the s p sws s bstwssa tbsliassef action af say 2 a d j a nsnt forces on the diagram, 
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or tbe •iMui« irithin M 17 triansle fhe aldM of .which an liaea aetioa of aay foroaa. an marked by 
capiW letten. Emjdoying a right^iand ayatem of reading, indicated by the 'nirved arrow, the 
reaction at I ia called AB, the concentrated load CA, the member 1-2 ia BJ), etc. R^erring to the 
force diagram (Fig 40h), the reactiona are evidently 

equal to 0.6 the center concentration. Starting at a • * 1 

any point, the line ah ia laid oS upwmd from a, " 

repreaenting to aoale the left reaction in direction 

and magnitude. Line bd ia then drawn parallel to g 

BD, beginning at b, and line da parallel to DA, A j ^ b 

beginiung at a; their intersection fixes point d. j * ® I 

In a aindlar maimer the diagram ia completed, as I 1 

The lines in the force diagram are now scaled ((»« Diagram Fore* Diagram 

off, giving the stresses in different members. The (a) (b) 

lund of stress may also be determined as foUows. Fig 40. Graphical Method of Truss Analysis 
Considering any panel point, say 2 , in the truss 

diagram, the member 1-2 is read DB, Noting db in the force diagrami, it is aeen that the direction 
from d to h ia toward panel point 2, and DB is therefore in compression. Or, at panel point 1, 
member 1—8 ia read DA, and, as direction from d to a is toward right or away from 1, this member 
is in tension. Analysis of atreases in hoiatmg headframes by the graphicaLmethod is shown in Sec 12. 


(tmm Diagram 
(a) 


19. ANALYSIS OF MOVING LOADS (10, 11) 

For a fixed system of concentrated loads the max reaction is easily found, giving max 
shear, and the max moment is then computed by finding the section at which the shear 
passes through zero (this usually occurs under one of the concentrations known as the 
critical wheel), the moment at that point being a max. It is usual in small beams to 
design simply for max moments and shears, and to use the same section throughout. 
A moving load must therefore be so placed, with reference to the span, as to produce 
the max shear or moment. 

Max reaction or shear occurs at the support when the loada are as near as possible to one end 
if the span. Thus, in Fig 41a, the 2 loade must be moved eo that wheel 1 will be a very amaU 
distance from the support, and reaction 

equals P 2 V + Pi- For a locomotive (as in Panel points 

Fig 36) the first driver must be over the 
support (Fig 41b) and be considered as act¬ 
ing just to the right of the support. 



Stnngera 


Tics and' 
Rails 



Fig 41. Analysis of Moving Loada 


Stringer 

Fig 42. live Load on Truss Bridge 


liva load on trusa bridges is transferred from the longpt stringers to transverse floor beanw AB 
which carry it to the panel points (Fig 42a). Beams AB must therefore be designed to carry 2 con- 
oentrationa, at x amd y, equ^ to the max reaction from the longit members framing in at these points. 
Sum of reactions from the 2 equal spans will be mas when total load ia max, imd evenly divided 
^tween the spans. For a locomotive concentration this generally requires one of the middle 
drivers at x. 

Max moment at any section in a beam occurs when total load is divided in proportion 
to (^stances of tbia section from each emd of beam. Thus, max moment at sec xy (Fig 43) 
will occur when sum of loads to left (» W') is to sum of all lotuls (■■ W) as I' is to 1. It is 
auffioiently accurate to determine ilf by this cBiTEBioit for center of beam, and call it the 
max moment. The max moment will not be at the center, but at a point such that the 
distence between tiiis point and the center of gravity of entire load ia Inseeted by the 
eei^ter of span (Fig 44c). Exampu. Take 2 equal loade of 1000 lb, 4 ft apart, spaa 
19 ft. Max ii at canter is edien 1 k«d ia on aitber aUe of center, and aqnals 3 000 ft4b 
Max pomibie menaent k 3 300 ft-lb ni pdnt «. wlmn load k pkead aa in 
flgdit. q anaaa lf B B n w i l %|praqnalknda(ltg44a):aaaKjf aB B a r a n ka w ahaag ■■ 0.iikan 
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ELEMENTS OF STEUCTUBAL DESIGN 


« • (I + 2) — (o + 4), andiriUdquBi (P + 21) {I — (o 4-‘2)1*. Thish<^fltoa • O. 686 I 1 
after which max Jf » for 1 1 <mu 1 at center of span. 

Streues in true membere due to concentrated moving loads (Bib 10, 11,12). Ref«^ 
ring to Fig 33d, for example, the dead load streeses, or those due to a fixed live load, may 
be found by the methods of Art 18. But, if a moving five load is considered, it must be 
moved to positions producing max stresses in each member. Thus, for max stress in end 
post LdU 1 , the reaction of moving load at Lo must be 
a max, and max stress then equals this reaction 4> cos 
of angle LttViLi. lJ\hx is simply a hanger, carrying 
the max floor beam reaction at L\. 


For max live-load tensile stress in dia«onal the load 
is advanMd from right so as to produce greatest shear in panel 
luLf Ins camaioM for this (see above) is that the total 
load on bridge must equal n times the load on the panel in 


queetion. 

IjxUaLt. 


Streee in UiLt will then •• ebear 
Max shear in UfL^ reaction at 


JL. 


+ cos of angle 
Lo, minus the 


I Critical wheel 


W 

wssvvx 

Q C i!? Q O no., o , 




Fig 43. 


Max Moment in Trues 
(Approx) 


Fig 44. Max Moment in a Truss 
(Exact) 


floor-beam reaction at Lo. This condition of loading also givee the max atreas in post VtLt, which 
will equal the vertical component of UaLt, or the shear. For a load advancing from left, stress 
in VaLi win be compression. This member can be made as a-oounterbraoed member, capable of 
taldng tension or compression, or to take tension only, and another tension member UoLi, called 
a “counter,” can be put in, as shown by dotted lines. 

For max stress in a chord member, the load must be placed so as to produce the max moment in 
the chord. Criterion for this is the same as for max moment at any section of beam, or IT'; u 
a': n, where n total panels in trues, n' the number to left of section, W — total load and 
If” — load to left of seotion. For UaVt, strees ^ M + height of truse, when M — reaction at Lo 
timee its lever arm naimui floor beam reactions at Li and Lo, each multiplied by their lever arms, the 
oenter of moments being taken at Lo, or any point in the panel Aslq. 


TIMBER STRUCTURES 


20. TIMBER (12) 

Trad* elaiidfleatiea of woods: evergreeus or soft woods (pines, spruoe, bamlnnlf , 
eedar, cypress, fir); hard woods (oak, chestnut, hickory, ash, walnut, maple, birch , 
whitewo^)'. Some " hard woods " are softer than the so-called soft woods.' 

Pine. Most useful of all woods. Warn or northern white, from northern U S and Canada; 
light, soft, not very strong, but easily worked; for interior finish, beet grades for pattern mclrin g- 
WnsTXBK nm eovers timber sold as white idne, coming from Ariaona to Wasl^gton. loaao 
WHZXB, from northern Idaho, westmii Montana and eastern Wuhington; not as strong m white 
pine, but resembfee It and used for same jrarpoeee. Soincanur TaLi.ow is od 2 prineipa] kinds: 
Long-leaf is from southern coast, Virginia to Texas, heavy, hard, strong, ctose-grained, tough; used 
ior heavy framing and floors: con not be used in eontact with ground, or built in sdidly in masonry, 
as it decays rapidly unless dry, and dry-rots unless opra to air. Short4eaf m- Cartdina is used as 
substitute for lon^eaf; vnriaUs in quality, the short-leaf being inferior. Ban or Nobwat nira, 
used for ell oonstruetion purpoeee, is light, hard, eoame-grained. Dotmus nn or Obbook nm 
from north Padfie oooai is the mori valuable lumber of the Paeifio regkm; i»ed for struoturel pur- 
posea instead of eastern hard pines; two kinds, red more valuable than yeUow; imported to east 
when large sise or length is reqidred. 

^ruee. Buck or eastern, from northen U S and Canada; llidit, teft, dosa-grainad, tou^ in 
fiber; desirable tm atuds. Joists and framing in bnO^ngs, also for pUsa, submerged oibs, etc, M it 
Jaats wdj under water and rerists deatruotiva aetfaxt of eruatacea. Wnttm, dndlar to tffa^ bdt not 
so oommqn. WBaratur or Srrxa, north Padfie eoaat. Giant spmea, aoft, aatiny, but htiEbwd to 
ha (vpaa»ipaitted; uaed for interior finiah, faneaa, boata and eoo p er a ga. 
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Heatleek. Babtidhn; briHla, aplita eMily. UaUe to be “ ehaky **; used in aheap, rough framing, 
ea eubetitute for spruce, which it dosely resembles in appearance. WuTBiiir: said to be harder 
and superior in q^ity, but liable to shrink and warp. 

Redwood. Qiant tree and most valuable timber of California; used for eame purpoaes in West 
as pine in East; soft and spMnters easily; durable for fence posts, telegraph poles and R R ties (tie 
plates are used on ties to prevent wear). 

Cedar. Whits or arborvitss: soft, hne-grained, durable, but lacks strength and toughness; 
Used for tanks, shingles, boats, fencing, cooperage. Rxn; small sise, very durable but brittle, 
strong, pungent odor; used for fence posts, shingles, etc. 

Cypress, similsr to cedar, used in northern U S for shingles; in south as widely ss pine in north. 

Osk. WHiTk, from eastern U S; heavy, strong, hard, tough and doso-grainid: liable to cheek 
if not well seasoned; used where great strength is required in framing, boat building, eta Ran 
oak is similar, except in color. 

MisceUaneous. Hickort is hardest, toughest and strongest of all Amsrican woods; for tool 
handles- Ash, for interior work; is unfit for outsids, as it decays rapidly. Elm, toiigh and very 
eloee*gramed; Used in wagons, cars, boats, barrel-staves. 

Structure and sawing. The mature, compact imier layers are called hkartwood; the 
outer 0.25 to 3 or 4 in being bapwood, soft, open, and full of sap which hastens decay. 
Bark should always be removed. The fibers of the tree are in. oirculai layers separated 
by ANNUAL KiNQB, which are interrupted by radial 
colls, communicating with the pith at center and 
the sapwood, and known as medullary rays. 

Fig 45 shows modes of sawing common lumber 
from a log; (a) for plank of uniform thickness; 

<b) for joists, etc, of same thickness and width. 

The part of log section from which lumber comes 
is of groat importance. Thus, in (a) piece x is 
ligble to warp or curt, due to unequal length of 
fibers on 2 sides, and if used in flooring is liable 
to splinter off. y, the best cut, is said to be bift- 
OAWED or comb-grained; makes best and most 
durable flooring; sss are slabs. Quabtbb sawing, in plane of medullary rays, gives 
handsome finish. 

Commercial sizes. Floobino embraces 4, 5 and G quarter-in thicknesses, by 3 to 6 in 
wide, excluding 1.5 by 6 . Boabps, thicknesses under 1.5 in by over 6 in wide. Plank. 
sizes from 1.5 to imder 6 in thick, by G in and over wide. Scantling, sizes above 1.5 
and under 6 in thick, and 2 to 6 in wide. Dimension timbeb, sizes over G by G in. Stxp- 
PiNG, 1 to 2.5 in thick by 7 in and over in width. Rough-edob, or flitch, all sizes, 1 in 
thick and up by 8 in and up wide; sawed 2 sides only. 

In U S, lengths increase by 2 ft; in Canada, by 1 ft. In dimension timber, sices above stated 
may be obtained, but stock sizes vary in both dimensions by even inches; thus, 0 by 6, 6 by 8, 
8 by 8, etc. All sizes leas than 1 in thick are counted as 1 in, in computing quantity. The unit is 
the BOABD FOOT, 12 by 12 by 1 in. 

Finish. Rough timber and lumber, sawed to standard size, shall be not over 0.25 in scant. 
Thus, 2 by 6 may be 1.75 by 5.75 in. In small sices, this greatly reduces strength. Not more than 
0.25 in is allowed for dressing each surface. The term <8 1 8 1 £ indicates that 1 side and 1 edge 
are surfaced; S 4 S means surfaced on 4 sides, etc. A2by6S151£ia usually worked to 1 6/8 
by 5 6/g in. 

Shrinkage. Shrinkage is greatest tangentially to the fibers, that is, circumferential 
shrinkage; radial shrinkage is less. Flat-sawed lumber (Fig 45a, z) may crack and 
shrink 3-10% of width, thus opening spaces between boards or flooring, if not thoroughly 
seasoned. Longit shrinkage is small, generally less than 0.1%, which must be considered 
in designing structures where settling is important; if possible, all timbers with horiz 
fibers should be eliminated from vert supports. Fffect of moisture is the reverse, and 
should also be considered. 

Seasoning. Natural seasoning, used for lumber for instruction purposes, requires 
1 to 3 years, depending on kin d of lumber. Object is to remove moisture and dry up 
natural gums, thus guarding against shrinkage and decay. Lumber should be piled under 
covw, high and dry, thorough air circulation being allowed by placing strips between 
layers. Watbb bbabonino ronsists in immersing timber in water about 2 weeks, to dis- 
sedve out soluble substances, and then air drying. Liable to make Keartwood brittle oi 
sapwood brashy. Kiln-obtino conmsta in placing lumber, usually only small sizes, in a 
kiln and to a current of air at 100 to 200° F for 2 to 6 or 8 days. It ^er^ly pro¬ 

duces inferior product, due to excessive drying of exterior and imperfect drying of interior. 

lleCects and inspection (2). Two things must be considered: quality and dimensions. 
Stinngest and most durable timber comes from trees of .slow growth, indicated by closeness 



Modes of Sawing Logs 
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of onatilsr lings. Best timber comes from heartwood; sbould be straight in fiber, ires’ 
from large or dead knots, flaws, shakes and blemishes. Dull, chalky appearance, or diS' 
agreeable odor, indicates decay and bad timbw. Good timber is sonorous when struck. 


Table 9. Timber Sizes for Use in Design 


Nominal 

■be. 

is 

American 
standard 
dressed rise, 
in 

Am 

of 

eee- 

tion, 

sqia 

Wt 
per 
ft, lb 

Moment 

of 

inertia, 

in* 

Sec¬ 

tion 

modu¬ 

lus, 

in* 

Nominal 

aixe, 

in 

American 
standard 
dressed sise, 
in 

Arm 

of 

sec¬ 

tion, 

sqin 

Wt 
per 
ft, lb 

Moment 

of 

inertia, 

in* 

See- 

tioa 

modu¬ 

lus, 

in* 

2X 4 

6 

8 

10 

12 

14 

16 

15 

3X 4 

6 

8 

10 

12 

14 

16 

18 

4X 4 

6 

8 

10 

12 

14 

16 

18 

6 X 6 

8 

10 

12 

14 

16 

18 

20 

8 X 8 

10 

12 

14 

l 6 

18 

20 

22 

1 8/8X3 6/g 

5 8/8 
7Va 

91/2 

ni /2 

13 1/2 

IS 1/2 
• 171/2 

28/BX38/8 

56/8 

71/2 

91/2 

in /2 

131/2 

151/2 

171/2 

3 6/8X3 6/8 

5 6/8 

71/2 

91/2 

111/2 

131/2 

15 1/2 
171/2 

51/2X51/2 

71/2 

91/2 

111/2 

131/2 

151/2 

171/2 

191/2 

71/2X71/2 

91/2 

111/2 

131/2 

151/2 

171/2 

191/2 

21 1/2 

5.89 

9.14 

12.2 

15.4 

18.7 
21 9 

25.2 

28.4 

9.52 

14.8 

19.7 

24.9 

30.2 

35.4 

40.7 

45.9 

13 1 

20.4 

27.2 

34.4 

41.7 

48.9 

56.2 

63.4 

30.3 
41 3 

52.3 

63.3 

74.3 

85.3 

96.3 

107.3 

56.3 

71.3 

86.3 

101.3 

116.3 

131.3 

146.3 

161.3 

1.64 

2.54 

3.39 
4.29 
5.19 
6.09 
6.99 
7.90 

2.64 
4.10 
5.47 
6.93 

8.39 
9.84 

11.3 
12.8 

3.65 

5.66 

7.55 
9.57 
11.6 

13.6 

15.6 

17.6 

8.40 

11.4 

14.5 
17 5 

20.6 

23.6 

26.7 

29.8 

15.6 

19.8 

23.9 
28.0 
32.0 
36.4 

40.6 
44.8 

6.45 

24.1 

57.1 
116 

206 

333 

504 

726 

10 4 
38.9 

92.3 
188 

333 

538 

815 

1 172 

14.4 
53.8 
127 

259 

459 

743 

1 125 
1619 

76.3 

193 

330 

697 

1 128 
1707 
2456 

3 398 

264 

536 

951 

1538 

2 327 
3350 
4634 
6211 

3.56 

8.57 

15.3 

24.4 

35.8 

49.4 

65.1 

82.9 

5.75 

13.8 

24.6 

39.5 

57.9 

79.7 
105 

134 

7.94 

19.1 
34.0 

54.5 

79.9 
110 

145 

185 

27.7 

51.6 

82.7 
121 

167 

220 

201 

349 

70.3 

113 

165 

228 

300 

m 

475 

578 

ioxit) 

12 

14 

16 

18 

20 

22 

24 

12X12 

14 

16 

18 

20 

22 

24 

14X14 

16 

18 

20 

22 

24 

16X16 

18 

20 

22 

24 

18X18 

20 

22 

24 

26 

20X20 

22 

24 

26 

28 

24X24 

2 b 

28 

30 

91/2X 91/2 
111/2 
131/2 
151/2 

171/2 
191/2 
211/2 
231/2 
11 1/2X11 1/2 

131/2 

151/2 

171/2 

191/2 

211/2 

231/2 

131/2X131/2 

151/2 

171/2 

191/2 

211/2 

231/2 

151/2X151/2 

171/2 

191/2 

211/2 

231/2 

171/2X171/2 

191/2 

211/2 

231/2 

251/2 

191/2X191/2 

211/2 

231/2 

251/2 

271/2 

231/2X231/2 

251/2 

271/2 

291/2 

90.3 

109 

128 

147 

166 

185 

204 

223 

132 

155 

178 

201 

224 
247 

270 

182 

209 

236 

263 

290 

317 

240 

271 
302 
333 
364 

306 

341 

376 

411 

446 

380 

419 

458 

497 

536 

552 

599 

646 

693 

25.0 

30.3 
35.6' 

40.9 

46.1 

51.4 

56.7 
62.0 

36.7 

43.1 

49.5 

55.9 

62.3 

68.7 
75.0 

50.6 

58.1 

65.6 

73.1 

80.6 

88.1 

66.7 

75.3 

83.9 
92.5 
101 

85.0 

94.r 

105 

114 

124 

106 

116 

127 

138 

149 

153 

166 

180 

193 

679 

1204 

1948 

2948 

4243 

5870 

7 866 

10 274 

1458 

2358 

3 569 
5136 
7106 

9 524 
12 437 

2 768 
4169 
6029 

8 342 

11 181 

14 600 

4 610 
6923 

9 578 

12 837 
16763 

7 816 

10 813 
14493 
18 926 
24181 

12 049 
16150 
21089 
26 945 
33 795 

25 415 
32472 
40 727 
50 275 

143 

209 

289 

380 

465 

602 

732 

874 

253 

349 

460 

587 

729 

886 

1058 

410 

541 

689 

856 

1040 

1243 

621 

791 

982 

1 194 
1427 

893 

1 109 
1348 
1611 
1897 

1236 

1502 

1795 

2113 

2458 

2163 

2547 

2962 

3408 


All propertMB and wights giTen are for dressed siM only. 

The weights ^ven above are based on aasumed aver wt of 40 lb per eu ft. 


In inspecting, timber is graded according to number, position and kind of defects visible in 
any piece. Thus, lumber is graded as first, second and third dear, or as No 1 or No 2, dependiny 
upon sTANnaan naracn shown, aa pin and standard knots, sap stains, pitch pockets or streak^ ' 
checks, wanes or shalus, sap. The number of defects allowed depends upon land of inspection: 
SQuare-edgo, merchantable, prime and dear inspection (2). 

3>ecay. life of timber depends on manner and time of felling, seasoning and working, 
and is alwnys subieet to attack by insect and vegetable life. Brat time to out timberis 
in winter and drier gummer months, when cells are dormant and amount of sap small. 
Altmnato wetting and drying, heat and confined air, fungi, inseota, and'worms are the 
diisf aglniiiiis in^ueing de^. Wdl sea s o n ed wo^ in wctt-ventUiitsd and uniIcNtm 
esmBifab as to moMliiM, dtauM nevw decay. Constent iaHridrsion wcbImmi and seftsns,. 
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Bry t«t ia due io ezoretion of ferments by e fungus which stteefcs cell wsUsi end breeks Utem 
down in the presence of moderste warmth, dampness, or lack of ventiiation. Occurs tn wall 
pockets at ends of timbers and in cores of timber columns. War nor is caused by presence of 
moisture and warmth, which dissolvea out cell walb in sapwood. Common bot is due to improper 
seasoning without thmrougb ventilation, and is shown by yellow color at points of contact or yellow 
dust in checks and cracks. The most active worm is the tkrbdo, or shipworm. ft attacks timbm 
in dear, unpolluted, sea water, from mean tide to .ground level, and is especially prevalent on eal- 
eareoua shores. 

Preterrgticn. Cbbosottnq is the best preservative, and is also effective against 
tbe teredo. It consists in impregnating with dead oil of coal tar or distillates from the 
wood tars (creosote). Timber is first placed in cylinders and sap vaporised by steam. 
After 0.5 to several hr, steam and sap are drawn off by a pump and the cylinder filled with 
oil, at about 160° F. When gage stands consttmt, showing no more oil is being absorbed, 
tbe surplus is drawn off. Entire treatment takes about 24 hr. Amount of oil varies, 
with kind of wood and seasoning, from 5 to 12 or 18 lb per ou ft for green and hard timber. 
BiTBNsrmziNO consists in impregnation with ZnCU, in a similar manner as for creosoting. 
About 0.24 lb of ZnClz is used per cu ft. Not suitable for timber exposed to moisture, as 
tbe Zn will leach out. Zinc-tannin or 'Wellhouse proce^ is same as Burnettizing, except 
that a small quantity of glue is added to the Zn, and after oemploting the Zn treatment a 
Bolution of tannin is run in under pressure, which forms, with the glue, a leathery coating, 
closing the pores and preventing leaching out of the ZnCli. Several other methods and 
variations in the above methods are in use. Ktanizino, or impregnating with HgjCU 
and CuS 04 , is also used. Timber may be made incombustible by injecting FeiS 04 and a 
solution of CaS 04 or NasS 04 . 


21. COLUMNS AND BEAMS 


Tests and strength. Timber shows wide variation in strength depending on kind and 
A ga of tree, moisture content, size of test specimen, imperfections and knots. Due to low 
resistance of timber to shear parallel to the fiber, relatively short, deep planking or beams 
must be checked for both bending and horiz shear. 


Since M =■ KS (Art 4), Tables 10-12 may be used directly in desisn. ExampU. Required 
safe uniform load for tt by 8 in spruce beam spannins 4 ft. From Table 8 , S — 51.6, from Table 10, 
aver K — say 1 000 lb per sq in; hence safe Af «= 51 600 in-lb; or, since M — Wl + 8 , with 1 48 in, 

total load is 8 600 lb; or, divided by 4, a safe load of 2 150 lb per ft. For horis shear, using qtaz 
from Table 10 of aver 100 lb per sq in, since V max =« 3/2 F M, the max permissible shear 
0,66 X 100 X 6 X 8 - 3 200 lb, and safe load per ft - 1 600 lb, which controls. Note. When 
ratio of depth of beam to span (1 : 8 in this problem) exceeds ratio of allowable shear to direct streas 
(1 :10 as above), horis shear rather than bending controls safe load. This is shown in Table 11 
for plank floors (baaed on A ■« 1 000 and horis 
shear 100 lb per sq in), where values below the 
heavy line depend on bending; those above being 
computed for horiz shear. 

Timber columns are usually of sq sec. Example. (a) 

Design redwood strut 10 ft long to carry 50 000 lb. 

For a selected stick, if safe load (Table 10) is I flOO 
lb per sq in, about 50 sq in or 7 in sq sec is required. 

With t^ see. I -h d « about 17 and safe stress 
would be 900, giving sec of 7.5 or, nearest commer¬ 
cial size, 8 by 8 . For common timber a larger sec, j'ig. 49 . Compound or Keyed Beatpa 
eay 8 by 10 , would be required. 




Decpantd, built-up, compound or keyed beeme. When no timber of required size 
ia available, beams of this kind are ueed for temporary work tod sometimes for poi^na- 
sent construction, though trussed beams are much lighter. If 2 beams nro su^i^^, 
they have only twice the strength of one, neglecting friction between them. But, if they 
am boltod together (Fig 46) they act as one beam of twice the deptii, and are 4 times ae 
strong as the single stick. 

Compound beam in Fig 46o ia fastened by sheeting of planta at lewt l/fl the width of timbm, 
with extending at hsaet 0.5 their length into the mam members; it has a strmgth of eb^t 70% 
that of a solid Uam of same dimenaiona. Beams wi^ hard wo^ or metal ke^ 
ofa wedged type, an 75 to 80% oa strong as solid beams. The keys transto the 
toe beam to tSnther, and are of such sise that the safe md oomprtoion u « 

^tbMetermined for tbe safe horiz shearing strese. Keys should bo about 2.5 timeo as wide se 

TV‘?°r<»!»»'“»« ->■“*” >■» ■*—cp»I«trf (to Jl.. 

external vert shear - V, St governing points, e. Compute 
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Fig 47. Trus&ed Beauia 


end and point of toto dtear (total horia aliear ■■ 
aver intenaity between any S points X b X dia* 
tanee between points). «. Select number of keys 
(uaually 5) and divide (d) by this number, dmign« 
ing keys for bearing accordingly. /. Draw vert 
shear diagram (horia shear is proportional) and 
. divide into number of equal areas (— number of 
keys) by vert lines. Place keys in back of these 
lines, g. Check design for shear between keys. 
A. Design bolts as for tabled fish-plate Joint. 

Tnused beatud are economical for spans 
over 20 ft, where headroom permits, or for 
shorter spans where saving in wt is an object. 
King and queen-post trusses (Fig 47) are 
used. Usually the beam is a single unspliced 
piece, extending from end to end, with iron 


Table 10. Structural Timber Allowable Unit Stresses, lb per sq in (Dept of Agriculture) 



American 

Bending stress 

Compression stress 






Species 

standard 

grade 

In 

extreme 

fibers 

Horizontal 

shear 

Parallel 
to grain 

Perpen¬ 
dicular 
to grain 

Cedar, Western Red..... j 

Select 

Common 

900 

720 

80 

64 

7001 
560 j 


200 

Cedar,NorthemandSouth- j 

Select 

730 

70 

550 


175 


Common 

600 

56 

440 


Cedar, Port Orford.| 

Select 

Common 

1 100 
880 

90 

72 

900 

720) 


250 

Cedar, Alaska.| 

Select 

Common 

1 too 

880 

90 

72 

8001 

6401 


250 

Cypress, Southern.| 

Select 

Common 

1 300 

1 040 

100 

80 

1 too 
880 j 


350 

Dougins Fir (Western f 
Wash and Ore).| 

Dense Select 

Select 

Common 

1 750 

1 600 

1 200 

105 

90 

72 

1 285 

1 175 

880 

3801 

345) 

325) 

Douglas Fir, Rocky Moun- i 

Select 

1 100 

85 

800] 


275 

tains.1 

Common 

880 

68 

640 



Fir, Balsam.| 

Select 

Common 

900 

720 

70 

56 

700] 

560] 


150 

Pir, Golden, Noble, Silver. | 

Select 

MOO 

70 

7001 


300 

White (CommercinH 
White) 1 

Hemlock, West Coast. • ■ • | 

Common 

860 

56 

560 


Select 

Common 

1 300 

1 040 

75 

60 

900 
720 J 


300 

Hemlock, Kastern.| 

Select 

Common 

1 too 

880 

70 

56 

700 

560] 


300 

Larch, Western.| 

Select 

Common 

1 200 

960 

too 

60 

I too 
880] 


325 

Oak, Commercial White ( 

Select 

1 400 

125 

1 000 


500 

and lied.1 

Common 

1 120 

100 

800] 


f 

Dense Select 

1 750 

128 

1 285 

3801 

Pine, Southern Yellow.... j 

Select 

1 600 

110 

1 175 

345) 

Common 

1 200 

86 

880 

325) 

PuiS, Calif, Idaho and ( 







Northern White, I.ndge-J 

Select 

900 

65 

750 


250 

pole, Pondosa, Sugar,) 
Western Yellow....... *' 

Common 

720 

68 

600 



Rne, Norway.| 

Select 

Common 

1 100 

880 

85 

68 

800; 
6401 


300 

Redwood...| 

Select 

Common 

1 200 

960 . 

70 

56 

1 000) 
8001 

250 

Spruce, Rad, Whits, Sitka | 

Select 

Common 

1 100 

880 

65 

68 

800) 

Mol 

250 

Spruce, Rnglemann.| 

Select 

Common 

750 

600 

70 

56 

600) 

4801 

175 

Tamarack, Eastern.| 

Seleet 

Common 

1 200 

960 

95 

76 

1000 ) 

800) 

300 


Modulus 

of 

elasticity 


I 000 000 
800 000 
1 200 000 
I 200 000 
I 200 000 

I 600 000 

I 200 000 
i 000 000 

I 100 000 

I 400 000 
I 100 000 
I 300 000 
I 500 000 

I 600 000 

1 000 000 

I 200 000 
1 200 000 
1 200000 
800 000 
t IIOO OOO 


, . Strength of wood dsMnds considerably on moisture content. For wet loeatione, worldall 
streeMe would be reduced aeoordiag to conditions and timber used. .. 
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tie rode passing through oblique holes bored in the ends, 
separated with tie rods between. . 


If 2 pieces are used, th^ are 



Table 11. Allowable Load on Plank, lb per aq ft. 


Tbieknew of plank, in 


7/8 

1 

H/ft 

1 020 

1 333 

1 688 1 

750 

979 

1 240 

575 

750 

950 

368 

480 

608 

255 

333 

422 

163 

214 

270 

113 

148 

188 

83 

109 

138 

j 1 

83 

105 



83 












6 400 

9 600 

5 480 

8 220 

4 800 

7 200 

3 840 

5 760 

3 200 

4 800 

2 560 

3 840 

2 133 

3 200 


2 740 
2 400 
2 130 
-I 920— 
I 587 
1 333 


Table IS. Structural Timber Columns, Allowable Unit Stresses, lb per sq in 

(Dept of Agriculture) 


Ratio of length to least dtinenaiou (f -i- d) 


American 

Spedee of timber standard 
grade 


Ash, Conunerdal■White.. | 
Cedar, Western Red; Fhr, | 

Cedar, Northern and/ 

Southern White.1 

Chestnut; Fine, Northern f 
Hl^ite, Idaho White,/ 
Sugar Calif Wlute, and! 

I'ondosa.' 

Cypress, Southern; Leroh, 

Western. 

Douglas Fir (Coast Re¬ 
gion); Hne, Southern 
Yellow; BcMh; Birch,' 
Yellow and Sweet; 

Maide, Sugar. 

Douglas Fir (Rocky Mtn ' 
Region); ^uce. Red, 
White, Sitka; Norway 
Fine; Alaska Cedar;' 
Elm, Slippery and 
White; Sycamore; Gum, 
Red and Black; Tupelo . 

Hemlock, West Coast.... 

Hemlock,. Eastern: Fir, 
Commereial White. 

Oek, White and Red. 

Redwood./ 



Sprnoc, Eaglemaaa. 


Tamaraek. 


Select 

1 100 

1076 

1055 

1023 

978 

Common 

880 

868 

857 

840 

818 

Select 

700 

688 

674 

6 S6 

620 

Common 

560 

553 

547 

538 

524 

Select 

550 

540 

530 

516 

490 

Common 

440 

435 

430 

423 

412 

Select 

750 

733 

716 

695. 

663 

Common 

600 

591 

583 

572 

556 

Select 

1 100 

1063 

1030 

981 

909 

Common 

880 

861 

843 

818 

781 

Dense) 

1285 

1251 

1222 

1 176 

1 112 

OOiCCv / 
Select 

) 175 

1 149 

1127 

1093 

1045 

Common 

880 

870 

861 

847 

626 

Select 

800 

786 

774 

753 

726 

Commim 

640 

632 

627 

617 

602 

Select 

900 

885 

872 

852 

623 

Common 

720 

712 

706 

696 

680 

Select 

700 

689 

678 

664 

641 

Common 

560 

554 

549 

542 

530 

Select 

1000 

982 

967 

943 

908 

Common 

800 

790 

783 

771 

753 

Meet 

1000 

972 

947 

910 

856 

Common 

800 

786^ 

773 

754 

726 

Select 

600 

5B6 

574 

556 

530 

Common 

480 

473 

466 

457 

444 

Select 

1000 

976 

955 

923 

877 

Commcm 

800 

788 

777 

761 

737 


526 365 26ft 206 132 




737 1 706 \mi 


426 

313 

240 

153 

335 

246 

188 

121 

457 

336 

257 

164 

365 

268 

206 

132 

244 

179 

137. 

88 

096 

291 

223 

142 


d I 
Sursn 
atreeeee a 


> OetW&B anau no uaoa in - 

work!.. 



























































ELEMEIf^ OF /DESIGN 


W^a tJia iQod ii,fiOii»«^iitrated at tlie vert atnita. that in fpr pappl point JtoadiiiB, tjtm etrceaep 
are found os in Art 17 and Inemben designed accordingly. The o^y pendins etrsMi w due to wt pf 
members themselves, which can be ignored except for long spans and small live loads. A uniformy* 
distributed load is carried partly by the beam and partly by truss action. The stresses can not be 
computed by ordinary means, but mSiy be found as foltowg. In Fig tto, khSw-post truss, TF — total 
load, lb, on beam uniformly distributed. Compression in BD ^ B W + S; compression in 
AB ^ S Wl 32 hi tension in AD » S Wm + 18 ft. Design AD and BD for these streasM, 
Divide compression in AB by area of beam » bd, giving unit direct oompressioh in AB; add to 
this the extreme fiber stress due to load acting on A B as a simple beam 2.26 1F1 + bd*t and 
design AB BO this total will not exceed tdlowable. All lengths are in ft, except b and d breadth 
and depth of AB, in. Wheh the truss is above the beam, A D will be in compression, BD and AB 
in tension, and the latter must be designed for max tension due to dirdbt and bending stress, iiiing 
same formulas. (Fig 476) queen-post truss, Approximately, compression stress in BE dnd 
CF W 3; compression in AD * tension in EF TTl 4i 9 A; tension inABand FD •* Wm -i- 8 ft. 
Extreme fiber stireas in AB, BC, or CD, acting as a beam, » Wl + M*. 


22. FASTENINGS AND JOINTS 

Hails are classified as cut and wire. For lumber liable to split, cut nails are better than wire. 
Thsy should be driven so that the tapering sides bear against the bent ends of the wood fiber, thus 
preVenUng Splitting and acting like a wedge. Wire naUa may be dinched or bent down; cut nails 
can not be bent. Table 13 gives common forms, designated in sise by the “ penny ” system (lU, 
probably originally the number of lb to 100 nails. Number per lb varies with different makers. 
Cost about 2-6^ per lb. Nails should not be depended on for important jointa, even in temporary 
structures. loirge cut or wire nails are known as snxKa, Boat or ship spikes are also made, 
forged from square bars with square head and chisel jMnnt. It R track spikes have a spedsl head. 


Table IS. Haile and Spikes 


Sise 

B 

Cut 

Wire 

Boat spikes ' 

No of 
paib 
per lb 

No of 
spikes 
per lb 

No of 

naila 

per Ib 

No of 

•pikes 
per lb 

Lentgh, 

in 

Sise, in 

»/8 

7/M 

•Va 

s/a . 

..2d 

1 

740 




3 

wffm 




3d 

1 25 

460 



• • ■ • 

4 

■RTS 

• • • 

• • • 

• • • 

. 4d‘ 

1.5 

280 




5 

169 




5d 

1.75 

710 


250 

• • • ■ 

6 



450 


6 d 

2 

160 


200 


7 

■n 

590 

380 


1 'Td' 

2.25 

170 

* • • • 

154 


8 

600 

510 

340 

2 ^ 

8 d 

2 5 

88 


106 

• • • 

9 

530 


300 

740 

9d 

2 75 

73 


85 

.... 

10 

480 

360 

280 

220 

.. lOd,. 

' S 

60 


74 

• 37 

II 

see 

320 

260 

210 

I2d 

3.25 

46 


57 

32 

12 

. . . 

230 

240 

190 

IM 

3.5 

. 33 

17 

46 

29 

14 

S S 4 

. . . 


180 

204 . 

4 

23 

14 

29 

23 

16 

. 



160 

30d 

4 5 

16 

10 

23 

18 







5 

12 

9 

T7 

13 




' 

l\ • ( 


5 5 

10 

8 

14 

10 




' 

i Jx 


6 

8 

7 

10 

9 







6 5 


6 


a 

A keic of nails 

or Bpiken weighb 

iOO lb. 


7 


5 



Tabto-jof boat Bpiltieb appbox niBtaibBr 

• ’ • . 

i' 



mm 

^B 

in laksg of 200 lb.' 

1, 

I 1 ' 


9 


. . . 


mm 




( ! 

1 t 


10 








II ■■ ( 'l 

. !|r’ t; 


12 

t—' ' *'■' 

. .• ,.. 
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1 .: Ivi^J 


Drift bolts ere loiig, s^Ml nins, generaUjr.rouii^,{e<4UAW aw used), wlfh,oe ^thout nei^. »/i,a^ 
7/s-in diam are oommqq ws|», but Inin diam ang wp tu 30 in lopg have hem ugea. A hole should jbe 
bored l/lS to l/g in ISm ^pi j^l^n b^t. ,><!',> , 11 , 

Treenails (wooden Bjpft) fV* hart^wOqa ping, pomatimeii m ^pnft bolte, btii Uetnaaohly in 
mortise and tenon joinu, eig. Doi^ie aps w^ qr i^on pxtepaiqg into, but not throng, 
8 membere, to connect ihraqit they have iMith|9g..|foiat,SM»r In heavy>ork, they are ueually 

0.7S to 2 in diam and 6 ^ 1 i , i,*.. u' . i t 

SerewB eomprise a>>d *** *ta pcade to 8 ip long, ana some lengths 

in ae many aa 18 diffar^ idiams. .^uq, ^ harfwsjare frpaajB|tb 28 ni(pe (diam): S.fidn, 8 to 26; 
4dn, 8 to 30; and 4.6, &,ato4 n-in, 12 to 3& Giuce ream tPjfjMolaJ ajcree^gMe, which is aplMVWea 
fidlows: 8 - 0.14 in, M) « 0.19, 16 - 0,28, wf- 0.32. 26 «-(U2r aad 30 j-> OA6 in. Tw all 
targeserews a'hdeahould‘lw!b«M4lcsiB thetrdiaaief’ihaadt addAbont 0.6'ita de|>th. *' Fw lag vMews 
bom a hole equtd in diam and length to ahank and thdN p FttABtSt hohs fM* abMi'O.'B NiAgth df tfatgMi. 





























B'ASHlilrtNOS'JCftNTS 


ior^t'-lti for Sl^'tb'tCNnIcnig^; T/iVtb 1 ifor 6.5 tp9-in; ti.5 to I for lO to %S4xl, LbUCt^Mt vprjr 
by 0.5 in ap to 8 in. 

Bolts hsve round, ^outm or bexsyon beads, .and a^ either rough-or hnished, rough being used 


rTTTsT'tJiTT 


ri«T»Tii f» 


I 'IjisSllMv I' 


CuNkll I 


•■■Tyr. > , wtwuai# 


. MR Me 


VnA Splb 



with a diam of Vs hi teto than ihe bolt, to g^vO a dose diiv- 
ii^ fit. Bolts have diam dihering by 1/16 or'l/8*ih< 'Where 
Bubieet to vibration, lock nuts are used, or a -nail is driven 
alongside the nut, or the thread may bg “burred” to prevent 
nut working loose. 

V^adhen (Fig 49} are important in timb« woiic. .to pro¬ 
vide suilicient -bearing area so that compression on surisoe 
.of the timber may not exceed a aafe value. They are of C I, 
steel or W I, and malleable iron. Common C-I washer is 
the Ogee (marked O G) form. Special washers can be cast 
when the number required warrants it. Steel and W-1 washera 
are cut from plate, and are often too small and thin properly 
to distribute the bearing load. They ahould be about 4 timet 
the diam of the bolt and O.S as thick, 






IhrdS. limber Fastenings 


bnauin* ruM ivH, Siwiii 

Fig 49. Washera 


Tnbld 14. C-1 Ogee Wasliere (dixnensions, in) 



lAgt^of bolt* have a thread cut at 
upper end to take « nut, lower end being 
embedded in the foundation. Neat oe- 
ihent grout hae been ^owit to -be best 
xfiaferiBl. fdr ifetti:^ the bblt; if Aere is 
no iwjiratiop, piwd rods mdy be’’ p8^, 
propoitidned for 16 000 lb per net.atjcttpi^ 
of bolt, or 100 to 150 lb per sq in of em¬ 
bedded: autiaee-.:o£ ibolt., JElmbedxtient of 
about- 2(>.diam ia ineedm to * develop full 
etteogth' of -bdlt. For' machine - -founda- 
tiOBSi it »‘best to usb h holt witti nut and’ 
large washer at lower end and build it 
into the concrete. ‘ 
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BsaietaotMito pulling of n^la and screws 
▼wes With character Of woodt depth of penw 

tration-, and-forsoreep-with«se «M»«de-u^. * 

Cut! nails 'haitra- higher- holding power than DsBMSt^p«4 
wirg; and ttmOafe-load may be taken at 4d ia * - 

y«aow-pfa4 and Td to oak. where d - peony 
nutotier of 'naibairiveh aCMoas (,rai»* to depth’ \ i iM • 
of OSt leni^hr'Ifor wirenills, 2i6 au4 4d. It T l ’ ‘ 

suMMt to isheak, the resiatanoe is .vjsry towt, J 
FotfWtHtd BbreHtttthe skfeuatUtoi^oeftf *‘.No'20»iiiGR_jhe;:W 
gagfebietowi isOtlrtee thelbfO’ a; nsiUof skma ? 

Ieiii(]i.il LM eefsew khowi an eltiesato 

tsoihMkryingilto* 400 l«\Whito pnwito 14(»'.' 

wfmSre IBWWih fd^aKkTanartMaag'toftgth 


Benled ilBlvias 


DsbU* St«rP«4 tTBOOlP*^-....^^ I 
JpiM, genkaaBtlBBos 



Oofslas 




Fig SO. TTmbw Ji^ts 


C-ti^b«r 
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IXEMENTS OF STRUCTUBAL DESIGN 


(excluaive of point) time* eucuinforenoe of aenw, 
the raaiatanoe to pulling. 


Safe lateral reaiataaoe of naila ia roui^Ujr twiet 


Lap Joint 


Half Lap Soarf Joint 


I about! 


Obliaoe Soarf 


llinbor joints. (Fig SO, 51.) Butt joint » effectire for compression members, the 
ends being secured by other oonnpcting members or by fish plates. Notching is is^ideiy 
used, especially for cribs; sometimea called oaikino or “dapping"; or “sisihg" when used 

in heavy framing to allow 
. ^'.eboat^j 1 ^ »toM , i for inequalities in dimen- 

— L f sions of timbers. Halv- 

r — ‘ j — ! ^([ L_I—LI ^ ■; s ' -f- 1 , iNO is common in frame 

1 . 1 . ■ ^ I —ifr' I ^ ^ ^ ' building construction, to 

Lap Joint Half Lap Soarf Joint ObU«ne Soarf join wHa and wall plates. 

Mobtibe and tenon is a 
I about ixs I favorite joint f<» strength. 

♦ ^ X 2~*i - and rigidity. For 10 to 

i I 4 I ! BT -yn ? ^^-in timbers treenails 

1. 4 . j,__X * i j, ^ I fc g l x should be 1 to 1.5 in diam,' 

Half Lap with Kopa Straight TabM Soarf Samo with Eep With a taper of Vs to'/« 

I_^ I in. Hole in tenon should 

I I _i* ' . ^Boiu * be about t/g the length of 

- f <?> ^ i i i f ^ ^ 71 tenon from rijoulder, and 

1 L-^ Xttu - j \ Cisi; ^ ^($> ^ Y <f> ^ I ? ( sligbtlynearertheshoulder 

/ jjS** 1^ i j.| ^ than that in mortise, so 

Oblique Tauea Scarf with Ksr 1 "I ' ■ ■ ' the pin wiU draw the tim- 

* * „ ™ bers together. Stepping 

is common in all kinds of 
framing. 


Half Lap with Kept 


I*— 


Straight Tahlad Soarf 


Saoie with Eep 


Oblique TaUeS Scarf with Kop 


14 ' Bolt* 1 

1 

4 

r 

t. 

1 



g 



Plaia FUh FUta 







Metal straps are some* 
times used in framing etruo- 
turee subject to shock. Metal 
plates are used in heavy 
construction, and for joints 
in struoturee like derricks, 
which are often taken down 
and set up again. Beam 
Tabled Fiah Plate Joint bangers and column caps are 

Pig 51. Lap and Scarf Joints used in heavy floor construc¬ 

tion. Lap joint IS simple, 

but only used for connections in minor members, due to its eccentricity and consequent bending of 
pins or bolts. Half-lap scarf is used for joining members carrying email etresses, as guard rails 
on bridges, sills in buildings. Oblique scarf lias more than double the strength of. the half lap. 
Both joints are often used with fish plates in tension and compression members subjected to bending. 
Tabled scarf with key will take some tension, and when the amount ie known the joint b easily 
designed for shear. Fish-plate joints, with wood or steel plates, are effective for tension. Bolts 
should be brought to solid bearing, to prevent timbers from buckling and to exclude moisture. Safe 
bearing loade per lin in are for safe bearing of 1 000 and 100 lb per sq ia respectii^Iy. For other 
unit etreeses, safe loads are obtained by proportion. For bending, the bolt ie computed as 
a restrained beam with fiber stress of 22 500 lb per eq in (Table 15). 

Design of a idais'fbh-itete joint (Fig 51). A tension timber to be spliced is 2 by 8-in longleaf 
yellow pine. Allowable etress, 1 200 lb per eq in net section. 2 fish plates of same material will 
have to be 1 in tluok each. Number and eise of bolte are found from TaUe 15. Thus, try 0.7Mn 
bolts. Sale end bearing for the timber ia 1 400 lb per aq in. Hence, eafe bearing load on 0.75-in 

^ Tnble 15. Strength of Bolts 


Safe bearing, Total aofe uniform bending load on bolt, Ib. e « thicknM of , 

Diam lb per lin in member, 6 thickneas of fish plates 

of bolt, 
in 



Safe bearing, 
lb per lin in 

End 

Side 

grain 

crain 

500 

so 

625 

63 

750 

75 

875 

88 

1000 

100 

1 125 

113 

1 250 

125 



1 100 

2 160 
3 720 
5 920 
8 820 

12 580 
17 250 


740 

1 440 

2 490 
3940 
5880 
8 390 

It 500 


■ 

1 1 


550 1 

1 


1 

860 


6290 { 


















TRESTLES, TRUSSES AND BRIDGES 


43-39 


tmtt ■■ 760 X 2 length of bearing} X 1 400 -*• 1 000 « 2100 lb. For bending, aafe 
load >■ 3 720 lb; hence, bearing contrdla. Area of net section of member — 2 X (8 — 2 X 7/8) ■■ 
12.6 sq in, assuming that bolts are pla<»d in pairs and boles are l/g in larger than b(dt. Tottd 
tensile load «■ 12.6 X 1200 15 000 lb, and number of 0.75-in bolts required — 16 000 2 100 7. 

As an even numbdt of bolts makes a better design, 67/8-in bolte will be used. Length of plate is 
determined by spacing of bolts, ^hich tend to shear out a portion of the plate between planes tangent 
to lop and bottom of bolt. Found bolts also tend to split the plates, so only 60% of safe shear 
with grain is used, or 80% of 160 lb per sq in » 120. Henee, the distance between bolt holes 
should he not less than 14 400 (•• total load on net section fm 7/8-in bolts) + [6(» number of bolts) 
X 2 (>■ thickness of 2 fish plates) X 2 (double shear) X 120 (shearing stress)] •« 6 in, or, adding 
1 in for bolt hole, — 6 in c to c and 5.5 for ends. The Taanau vtsa-stMts joint in Fig 61 was 
designed for a load of 32 tons in longleaf yellow pina The design is sa fcdlows, using for tension 
1 800, for compression on end of grain 2 000, and shear along grain, 250 lb per sq in. a Find areas 
required for tension, compression and shear, or 64 000 H- 1 800 - 35.6, 64 000 -e- 2 000 » 32, and 
,64 000 + 250 266 sq in, respectively. 4 tables are usually effective, and the shearing area of each 

would be 256 + 4 ” 64 sq in. In order that the length of table shall be not leas than 2/g its width 
(representing good proportions), the width of timber must be about 8 in, and the table a little over 
8 in long to allow for bolt holes. Depth of tables must be 32 -i- (4 X 8' = 1 in, to furnish necessary 
bearing area on their ends. Assuming 3/4-in bolts and 7/8-in holes, the net ‘depth of main member 
for tendon must be 35.6 -t- (8 — 2 X 7/8) «• 6.75 in, making total depth of timber 8 in, or an 
8 X 8 is needed. The fish plates, each taking 0.5 the total load and being of same material as 
main membv, should be 0.6 as thick. Size of bolts may be roughly checked. Unlike the plain 
fish-plate joint, they transmit stress by tensipn. Thus, the pull on fish plate is approx through its 
center (see arrows in cut), and this is transmitted to the main member by end bearing on the tables, 
approx at their centers. This causes a moment of (6 400 -!■ 4) X (1.5-1- 0.5) • 32 000 in lb per 
table, tending to cause it to rotate about its edge. This is resisted by tension in the bolt and 
compression on face of table. The lever arm of this couple may be taken as 0.5 the length of table, 
or 4 in, giving a pull on the bolt of 4 000 lb, assuming 2 bolts per table. A 0.75-in bolt is. ample 
for this stress, using 15 000 lb per sq in, net see. The washers should have sufficient area for bearing, 
using 550 lb per sq in. A standard 3.25 C-1 


washer has an area of 7.69 sq in, and will 
transmit a total stress of 4 230 lb, which is 
OK. Bolts should be pulled up to a tight 
bearing. 

Special joint faatenings have been 
developed in recent years which greaiiy 
increase effectiveness of timber joints. 
These consist of various types of bush¬ 
ings in the form of washers, which are 
countersunk in the timber and increase 
the bearing diom of the bolts. When 
available or where size of constructioa 
warrants special purchase, these pat¬ 
ented 'astenings are advantageous. 

23. TRESTLES, TRUSSES 
AND BRIDGES (12) 

Trestles consist of posts framed 
together to form bents, supporting a 
floor system of stringers, ties, and 
guard rails. They are used for semi¬ 
permanent work, to avoid expenditure 
for- permanent bridge or flU construc¬ 
tion in the early days of a new R R, for 
making large fills, and in connection 
with mine dumps. 



Kg 62 shows a trestle bent, with different types of foundations used indicated. Where pdw are 
used they may be long enough to form the poets (pUe-bent), being sway-braMd as for * framed ^nt. 
Bents are' built in stories of 15 or more ft high. Fig 62 u a 2-story l^ut. Poets my be derign^ u 
oolumiu. but are made larger than oomputaUons require to allow for decay. St^^rs should he 
^tinuoua aver 2 spans, and are designed for bwtding stresses. Bents are e^oed 12-« « 
depsn^ng upon wt of loading. For Ught mine cars, the oonatruction would be much lighter than 

that shown, which is for R R work. 

Roof truM of heavy design is shown in detail by Fig 53. Load fr^tlw inters is 
barried to the panel points by the purlins; the stresses may found (Art 17) for any 
gsiumed loading, and the members and details designed accordingly. 














48-40 m SmUCTimAL DESIGN 

Small highway bridga/ oonaistShg ot a* Qtieen trum with plank floor, is shows in 
Fig64. 



tig S8.~ Hsavy Roof Truss Rig 54. Small Highway Bridge 


Raft< 


84. FRAME BUILDINGS (13) 

Framing is of 3 kinds: (a) Mobtibb and tenon yaaisB, in which the members are 
mortised and pinned together. This requires a large amount of labor and for light bi4M- 
ings has been practically abandoned; (b) BaUjooh rsAME, composed of lighter members, 

nailed together, and more quickly erected at lower cost; 
(e) Combination FnAUB, in which main inembors are 
mortised as in (a) and the studding and bracing is 
nailed, used in the best modern construction. Fig 55 
shows typical baliopn fruiie |^r a 2'8tory houro. Com¬ 
putations are rarely necessary. Sill is usually 4 by 6 in, 
halved at corners, on foundation walls or piers. Floor 
joists are of 2-in plank, 12 or 16 in c to c; for joists 
over 12 in deep, 3-in thickness «hould be used. Joists 
are braced laterally by cross biidgmg,*! row for 8 to 
16-ft spans, and 2 for 18 to 24-it spans, with 1 by 3-m 
bridging, or 2 by 3 for 14-in beams, nailed with 2 lOd 
nails. Comer posts, usually 4 by 4 or 4 by 6>ia, are 
set up and temporarily secured by “stay lath." dtuda 
are held by a temporary board nailod against inude. 
Studs are 2 by 4 in, usually 16-in centers; they are 
qiiked to the sills at lower ends, and when practicable 
studs and joists are placed against and spiked to each 
other, btuds extend from the sill up to the plate, the 
second floor joists bang supported on 1 by 7-in ledger 
boards, notched into the studs. The plate is usually 
of two 2 by 4-m pieces. Joints in studs are made by 
nailing a fish plate on each side. Studding is doubled 
at window and door openings. 1 by 6-in boards, notched 
into siU, post and studs, am used for corner braoeh. 
Rafters, 2 by 6 in, for lengths of 12 ft, 2 b^ 8 to 18i 
2 by 10 over 18 ft, are spaced 16 to 24 in ceateiUi 
Combination frame posts are usuaHy 4 by 8 in, and the 
ledger, board is repiaoOd by a 4 by 8-jn girt, framed 
into the posjts, the studding being separate for each story. 



ISgM. BaflooD Frame 


re«« 


S ore usually of 2 by 4-in fitudding, spaced 12 to 16-in centere. In framing, it should be 
that timber sbrinke but little endwise of the j^ain, and sometimeB as touch as D.5 in 
w. Where aettleinent ie to be avoided, all horis metobers should be elitoinatSd frOrb 
vsiWU supports of ti^ buHdiags, Partitione should rest on the cap of the pdTiitioii b^OW when 
m (oqt on the ^r), or on a sde piece. ^ 

C^ering. ‘ For ^Reap construction ship-lap is often placed vertically, with battdnii ovto* the 
enam. Beveled siding is commonly 6 m wide snd Bdd 4.5 in to thS Wtather. Molded 
(N^lty aiding), is of 7/84n boards, with 5/g-in lap. In beet wotk, the fratoe is'flrst coveif8d with 
Iria dtagoi^ sheatMnig, which in turn ie revered with btdkling paper befoco’tba aidlAi ip p^md. 
Shlnglea or eorsugatied sheets are ajso used for pidiug. 

^ Shingle roof. Shingles va— *“ 

]/g)the length) to weather. 


ts are ajso used for pidiug. , 

vary from 16 to 24 in Jang, laid with 4.5 to 8.5 in (a nttie ups than 
4 bundlee usually contain a thousand *’ shinglee, that iS, the Sdtdvai' 




FRABCB B^LDINGS 43-41 


iaat iBi •hindfl* 4 in widsi the widtlui viuryiiic from 3 to 14 in. Table 17 idvw Dumber o{ atendaKl 

44n ahingleD for 100 «| ft of roof. Coat laid, 18.00 to 810 per aquaxo (100 aq ft). 

Tia, roofing. are 2 oommon aiaea of 

tin, l4 by 20 in md 20 by 28 in. latter being 
mfrt uaecL The ttiual thioknaaaee are IC (No 
20 gage) and IX (No 27). Vihu td tin roofing 
dependa on, amount of tin uaed in coating the 
iron. If well painted every 2 or 3 yean it will 
last 28 or 30 yr. Laid with fiat seam for flat 
roofa. Vaing 0.8-in locka, 1 box (112 aheeta) 
of 14 by 20-in tin will cover 102 eq ft; 20 by 
28-in, 300 aq ft. Foe steep roofs, a standing 
seam is uaed. With t/8*in lock, and 1-in stand¬ 
ing seam, a 14 by 20 box will cover 168 aq ft, 
and the larger sise 368 ft. Aver cost in place, 
including material and painting. 818 to 820 per aquare. 

Corrugated iron sbe^a, for roofs and aides of buiWngs, are made in lengths of 8, 6, 7, 8, 0 and 
10 ft, and a covering width of 24 in. For siding, a side lap of 1 oomigiliDn and 4-in end lap is 
usual; for 1 to 4 pitch roofs, 1.8 corrugations are ua^ on edges and 6 in on ends. Usual corrugation 
is 2.5 in wide by 0.6 in deep, and for roofs No 20 and 22 gage are common. Sheets are made painted 
or galvanised, in No 12, 14, 16, 18, 20, 21, 22, 23, 24,28, 26, 27,28 U S Standard Cage tbiekneasea. 
Purlins should be leas than 6 ft centers. Sheets, held by nails, or by steel straps endroling the pur¬ 
lins and placed 12dn centers, should be well secured at eaves and gable ends of roof to prevent their 
being loosened by wind. Safe uniform distributed load in lb per sq ft » 28 000 td -I- lA, where 
( K thichnwia of sheet, in, d > depth of corrugation, in,4ind L « unsupported length of aheet, ft. 


Table 17. Corrogated Sheete (See also Sec 41, Table 21) 


Description of sheets 

Width, in 

Sq ft of sheets to eovvr 100 sq ft 

Camigationa 

Full 

sheet 

Covers 

approx 

End 
lap, in 

Side lap corrIbatioDa 

Width, in 

- 

Approx 
dspth,in 

No per 
sheet 

Nominal 

Actual 

1 

1.5 

2 

5 

m 

7/8 

6 

28 

24 

1 

no 

116 

■n 

3 


6/S 

9 

26 

24 

2 

III 

117 


21/2 


1/2 

10 

26 

24 

3 

112 

118 

■n 

2 

24/u 

1/2 

n 

26 

24 

4 

113 

119 

126 

11/4 

11/4 

>/8 

20 

25 

24 

5 

114 


127 

6/8 

26/28 

»/W 

24 

25 

24 

6 

115 

121 

128 


Standard lengths, 5, 6, 7, 8, 6 and 10 ft; max length, 12 ft for 1.25 to 8-in corrugations. 


Tar and gravel roofing is often used for flat roofs. When laid on wood a layer of building felt 
(unsaturated) is first placed. This ia covered with tarred felt, nailed down. Final covering, of 
1 to 8 layers of tarred felt, is placed on the roof, each layer being thoroughly mopped down mth 
hot jutch. Entire outer surface is covered with pitch, in which 1/4 to Vs in dry gravel or slag is 
emb^ded while hot (400 lb per square). 4 or 5-ply roofing eoate 818 per square. Tan PAPnn, 
nailed on with large tin washers, costs from 84 to 86 per square. Tar paper shingles, surfaced with 
orui^d slate, are common. Several patented forms are also used, costing 82-84, up; for more per¬ 
manent construction, slate, tile, and asbestos shinidee. 

Partitions and ceilings. When plaster is used, 2 coats (rough or scratch, and, finish coats) are 
"applied to lath. Lath is of wood (0.28 by 1.8 in by 4 ft) nailed to studding, or perfonted sheet metal 
or mesh, or patented composition board. The rough coat is lime and sand mortar; finish coat, 
usually of special plaster. Patented wall boards (fiber and plaster board) have largely replaced 
plaster in cheaper work and coat fi-lOf sq ft in place. Made in eheete usually 4 ft wide and 8 or 12^ ft 
long. Metid ceiling (atamped eteel eheeta) ie aleo available. 

Flooring. Single flooring is usual, of 1-in tongued and grooved pine os Douglae fir, from 12 in 
down to 3 or 4 in wide. Where subjected to hwd wear, ae in halla, and not carpeted, edge-grain or 
rift-sawed flooring is beet (Art 20). Flooring comes in many grades, depending on grain, knots, ete. 
and in lengtlu of 8 to 20 ft. DouUe flooring, for higher claea work. ■ In figuring the amount of 
flooring, generally add about 28% to area to be covered, to allow for face width being lesa than 
actual width, and for cutting to bring JointB over floor joute. 

Stairs. Uaual rise, 7 to 7.6 in; max. 8 in. Tread -• run + overhang (1.8 in), and run ehould 
beendithatriae -f run 17 17.6iii. With nonoring (overhang), treadshoiildbe 10to 12 in wide. 

Door «nd window frames are placed in the openings Mt in the atudding for the purpoMfsAbsy 
mn amaUer in rise than these openings so they ean be eet {dumb sild true. In ehespeat eonatmo- 
tion, no frameo art used. ^ windows and doom bring set in the openings between studs. 

JDoon. Stock doori an X Vs, 1 Vs «nd 1V 4 >» thick; X S/g in is usual for inside dootg lass (baa 
3 by 7 ft. Outside doots an 1.78 in. Common siaes ore 2-3 ft wide and 8.8 to 7 ft bi^ vaiyiag 
by oven in. 


Tgb|p 16. ahintfe Rooflng 


* 


No of 
ebingles 

No of 

Lb of 

Length 

y 

Weather 

shingle 
. nails 

shingle 

naib 

Min 

4 ar 

900 

1 800 

4.5 

16“ 

5 “ 

720 

. J 440 

3.6 

18 “ 

5 1/2 

655 

1 310 

3.3 

20 “ 

6 •• 

600 

1 200 

3.0 

22 " 

61/2 

554 

1 no 

•2.8 
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Wiad««f. Doabl»-hunc windows have 2, 4,8 and 12 liflita and frames ai>41 V> nnd 18 / 4 'io thielc, 
usually with Vs-io parting strips. Two-light windows are for glass from 16 by 24 to 30 by 40 in; 
4-light windows, 10 by 20 to 10 by 32; 8-light, 8 by 12-14 by 24; 12-light, 8 by 10-12 
by 24. ' Windows are generally 4 in wider and 0 in higher than the width and c<^mbined fa^i^ht of 
glass. Single-tfaiekness glass is about V 12 in thick; double-thioknesa, scant Vs in, in usual for widtjiis 
over 24 in. iH 

Cott. Simple frame buildings, as outlined above, vary in total cost from 15 to 30^ 
per cu ft, depending on finish. 

Slow-bamiBg or mill cotfhtruetion is often used for more important buildings, as for 
manufacturing and storage. Its chief characteristic is absence of small timbers. Floors 
are generally supported by heavy timber columns. Beam hangers and column caps are 
widely, used (Art 25) and flooring is heavier. Such construction is carefully computed to 
carry required loads. 


^ STEEL STRUCTURES 

26. STRENGTH OF IRON AND STEEL (4) 

Table 18 gives aver phyncal and mechanical properties of metals for structural work. 

Cast iron is, in general, somewhat brittle, is subject to hidden defects, such as blow 
holes, cold-shuts, and shrinkage cracks, has relatively low tensile strength, no true elastic 
behavior and is used only for thick, heavy parts, as short columns, engine frames and bed 
plates and pipes. Good castings should have clear, sharp comers and should be soft 
enough to dent under a hammer. Better grades of malleable castings are used for nTnnll 
machine parts and pipe fittings. 

Wroag|U iron is tough, ductile, malleable and easily welded, but can not be tempered. Formerly 
widely uMa, it has been superseded by low-carbon steel. WI pipe is said to resist corrosion better 
than steel; purer iron under various trade names, used for galvanised ciilverte, is beet of all. Etch¬ 
ing for 20 orin with 3 parts EiSO«, 1 part HCL in 2 parts water, produces a characteristic fibrous 
structure in Wl. 


Table 18. Physical Properties of Iron and Steel 


Material 

Wt. 
lb per 
cu ft 

Modulus 

dastioity* 

Yidd pointt 

Ult strengtht j 

Working stremt 

TdcC 

S(t) 

T*C 

S(t) 

n 

C 

S 

n 

C 

S 

Iron; Gray, eaat. 

4S0 

15 




25 

100 


4 

16 

4 

Malleable, eaat. 

475 

22 


, , 

, , 

45 

no 


8 

20 

8 

Wrought. 

480 

37 

II 

25 

25 

50 

70 

40 

12 

17 

10 

Sted: 0.1-0.2% carbon.... 

490 

30 

12 

35 

20 

60 

90 

48 

18 

18 

12 

, 0.3-0. 4% .... 

490 

30 

12 

40 

24 

80 

45 

64 

20 

20 

16 

O.7-O.0% “ .... 

490 

30 

12 1 

60 

36 

125 

70 

85 

30 

30 

21 

Nlekd, H T. 

490 

30 

12 

85 

55 

112 

95 

mm 

25 

25 

20 

Braaa, rolled. 

520 

15.5 

6.2 1 

25 j 

17 

73 

30 

47 

18 

15 

11 

Bronae, “ . 

535 

15 

5.6 

35 

30 

65 

25 

43 

16 

12 

10 

Aluminum, struetural allc^ 

173 

to 

3.7 i 

35 

35 

58 

58 

35 

14.5 

14.5 

8.8 


Values in thousands of lb per eq in, except as noted. T » Tension. C « Qompression. S » 
Shear, t Torsion. * Millions of lb per eq in. f Thousand lb per sq in. ' , 


Stru c t u rel iteel, first made in quantity by Bessemer process, is now Itugely manu¬ 
factured in open-hearth furnaces. Low-carbon steel is used for work where ductility is 
required, medium grades in structural work, but high carbon is being more widely used in 
rdnforoement bars and other work. Various special alloy steels have been used in large 
bridge constraction, ae nickel and silicon, but are not available for smaller structural 
work. In tool and machine design alloy steels (chrome and tungsten) aye used; also 
special heat treatment And other refinements to seecure metal best adapted to needs and 
loads are charaoteristie of modem practice. A stmctural aluminum alloy (Table 18) is 
available, but has not yet been widely employed. 

>eeGl8eati0Be. Standard spedftoBtioBs of Am Soo for 1‘esting Materials sre generally foQowed. 
For^dge work, these limit material to open hearth make, with a phospborua content not ovpt 
0.04-0,06% and aulphur nt^ over 0.00%. A tensile strength of 00 000-60 000 lb per sq in, a yirid 
prinUd 0.0 id this, or not less than 30 000, and an dongation in per cent in aa.Odn leng^ of 100 000 + 
twspe strragth, is apedfied. Hivet stMl is of somewhat softer grade, with tensile strength of 
46000-06 OOO lb per sq in. Cwtein limits are also tdaoed on variafions in thiekness of platM and 
wt per ft. 
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TaU* 19. AmMieui Standard I-Beams 


Nominal 

Wt 

Ana 

Dei>th 

Width 

W«b 

Alia 1-1 

Asia 2-2 

Of 

W 










P« 

MOtiDD, 

•action, 

flancc, 

nfw. 

I 

8 

WM 

I 

S 

r 

in 

ft| lb 

aq in 

in 

in 

in 


in* 

0 

in* 

in> 

in 

24 X 7 7/8 

120.0 

35.13 

24.00 

8.048 

0.798 

3010.8 

250.9 

9.26 

fVI 

21.1 

1.56 

115.0 

33.67 

24.00 

7.987 

.737 

2 940.5 


9.35 

K'jlj 

20.7 

1.57 


110.0 

32.18 

24.00 

7.925 

.675 

2 869.1 

239.1 

9.44 

13Q 

20.3 

1.58 


105.9 

30.98 

24.00 

7.875 

.625 

2811.5 

234.3 

9.53 

78.9 

20.0 

1.60 

24 X 7 

100.0 

29.25 

24.00 

7.247 

.747 

2371.8 

197.6 

9.05 

48.4 

13.4 

1.29 


95.0 

27.79 

24.00 

7.186 

.686 

2 301.5 

191.8 

9.08 

47.0 

13.0 

1.30 


90.0 

26.30 

24.00 

7.124 

.624 

2 230.1 

185.8 

9.21 

45.5 

12.8 

1.32 


85.0 

24.84 

24.00 

7.063 

.563 

2 159.8 


9.33 

44.2 

12.5 

1.33 


79.9 

23.33 

24.00 

7.000 

.500 

2 087.2 

173.9 

9.46 

42.9 

12.2 

1.36 

20X7 

100.0 

29.20 

20.00 

7.273 

.873 

1 648.3 

163.8 

7.51 

52.4 

14.4 

1.34 


95.0 

27.74 

20.00 

7.200 


1 599.7 

160.0 

7.59 

50.5 


1.35 


90.0 

26.26 

20.00 

7.126 

.726 

1 550.3 

155.0 

7.68 

48.7 

13.7 

1.36 


85.0 

24.80 

20.00 

7.053 

.653 

1 501.7 

150.2 

7.78 

47.0 

13.3 

1.38 


81.4 

23.74 

20.00 

7.000 

.600 

1 466.3 

146.6 

7.86 

45.8 

13.1 

1.39 

20X61/4 

75.0 

21.90 

20.00 

6.391 

.641 

1 263.5 

126.3 

7.60 

30.1 

9.4 

1.17 

70.0 

20.42 

20.00 

6.317 

.567 

1 214.2 

121.4 

7.71 

28.9 

9.2 

1.19 


65.4 

19.08 

20.00 

6.250 

.500 

1 169.5 

116.9 

7.83 

27.9 

8.9 

1.21 

10X6 

70.0 

20.46 

18.00 

6.251 

.711 

917.5 

101.9 

6.70 

24.5 

■n 

1.09 

65.0 

18.98 

18.00 

6. 169 

.629 

877.7 

97.5 

6.80 

23.4 


1.11 


60.0 

17.50 

18.00 

6.087 

.547 

837.8 

93.1 

6.92 

22.3 

■SI 

1.13 


54.7 

15.94 

18.00 

6.000 

.460 

795.5 

88.4 

7.07 

21.2 

7.1 

1.15 

ISX6 

75.0 

21.85 

15.00 

6.278 


687.2 

91.6 

5.61 



1.18 

70.0 

20.38 

15.00 

6.180 

.770 

659.6 

87.9 

5.69 

28.8 

msi 

1.19 


65.0 

18.91 

15.00 

6.082 

.672 

632.1 

84.3 

5.78 

27.2 

8.9 

1.20 


60.8 

17.68 

15.00 

6.000 

.590 

609.0 

81.2 

5.87 

26.0 

8.7 

1.21 

ISX5V8 

55.0 

16.06 

15.00 

5.738 

.648 

508.7 

67.8 

5.63 

17.0 

5.9 

1.03 

50.0 

14.59 

15.00 

5.640 

.550 

481.1 

64.2 

5.74 

16.0 

5.7 

1.05 


45.0 

13.12 

15.00 

5.542 

.452 

453.6 

60.5 

5.88 

15.0 

5.4 

1.07 


42.9 

12.49 

15.00 

5.500 

.410 

441.8 

58.9 

5.95 

14.6 

5.3 

1.08 

I2X5V4 

55.0 

16.04 

12.00 

5.600 

.810 

319.3 

53.2 

4.46 

17.3 

6.2 

1.04 

50.0 

14.57 

12.00 

5.477 

.687 

301.6 

50.3 

4.55 

16.0 

5.8 

1.05 


45.0 

13.10 

12.00 

5.355 

.565 

284.1 

47.3 

4.66 

14.8 

5.5 

1.06 


40.8 

11.84 

12.00 

5.250 

.460 

268.9 

44.8 

4.77 

13.8 

5.3 

1.08 

!2X5 

35.0 

10.20 

12.00 

5.078 

.428 

227.0 

37.8 

4.72 

10.0 

3.9 

.99 

31.8 

9.26 

12.00 

5.000 

.350 

215.8 

36.0 

4.83 

9.5 

3.8 

1.01 

10X43/4 

40.0 

11.69 

10.00 

5.091 

.741 

158.0 

31.6 

3.68 

9.4 

3.7 

.90 

35.0 

10.22 

10.00 

4.944 

.594 

145.8 

29.2 

3.78 

8.5 

3.4 

.91 


30.0 

8.75 

10.00 

4.797 

.447 

133.5 

26.7 

3.91 

MM 

3.2 

.93 


25.4 

7.38 

10.00 

4.660 

.310 

_122.1 

24.4 

4.07 

mm 

3.0 

.97 

8X4 

25.5 

7.43 

8.06 

4.262 

.532 

68.1 

17.0 

3.03 

ni 

2.2 


23.0 

6.71 

8.00 

4.171 

.441 

64.2 

16.0 

3.09 

Bn 

2.1 

! .81 


20.5 

5.97 

8.00 

4.079 

.349 

60.2 

15.1 

3.18 

Ktl 

2.0 

mSi 


18.4 

5.34 

8.00 

4.000 

.270 

56.9 

14.2 

3.26 

3.8 

1.9 


7X31/4 

20.0 

5.83 

7.00 

3.860 

.450 

41.9 

12.0 

2.68 

3.1 

1.6 

■S 

17.5 

5.09 

7.00 

3.755 

.345 

38.9 

11.1 

2.77 

2.9 

1.6 

.76 


15.3 

4.43 

7.00 

3.660 

.250 

36.2 

10.4 

2.86 

2.7 

1.5 

.78 

6 X 30/8 

17.25 

5.02 


3.565 

.465 

26.0 

8.7 

2.28 

2.3 

1.3 


14.75 

4.29 


3.443 

.343 

23.8 

7.9 

2.36 

2.1 

1.2 

.69 


12.5 

3.61 


3.330 

.230 

21.0 

7.3 

2.46 

1.8 

l.l 

.72 

5X3 

14.75 

4.29 

5.00 

3.284 

.494 

15.0 

6.0 

1.87 

1.7 

1.0 

.63 


12.25 

3.56 

5.00 

3.137 

.347 

13.5 

5.4 

1.95 

1.4 

.91 

.63 


10.0 

2.87 

5.00 

3.000 

.210 

12.1 

4.8 

2.05 

1.2 

.82 

.65 

4x10/4 

10.5 

3.05 

4.00 

2.870 

KS9 

7.1 

3.3 

1.52 

1.0 


.57 

9.5 

2.76 

4.00 

2.796 

.326 

6.7 

3.3 

1.56 

.91 

.65 

.58 


8.5 

2.46 

4.00 

2.723 

.253 

6.3 

3.2 

1.60 

.83 

.61 

■ED 


7.7 

2.21 


2.660 

.190 

6.0 

3.0 

1.64 

.77 

.58 

.59 

3X 20/8 

7.5 

2.17 


2.509 

.349 

2.9 

1.9 

1.15 

.59 


.52 

6.5 

1.88 


2.411 

.251 

2.7 

1.8 

1.19 



.52 


5.7 

1 64 

3.00 

2.330 

.170 

2.5 

1.7 

1 23 


■0 

.53 






































43-44 


ELEMENTS OF STRUCTURAL DESIGN 


26. TABLES AND SPECIFICAIIONS 

Standard rollad ahapaa (Hg 66). Stru«tural parts are oompoaed of, or built up of, 
regular standard shapes, comprising I-beams, channels, angles, and tees. These are 



■agl* uHqMltai* 
Fig 68. Standard Rolled Shapes 


Nominal 

sise, 

in 


18X 4 


15 X 31/2 


12X3 


I0X2S/8 


9X21/2 


«X21/4 


7X21/8 


5X1»/4 


4X !*/• 


3X IV2 



Table M, American Standard Channels 


Width Web 
of thick- 

flange, ness, 
in in 


Axis 2-2 




.755 196.5 

.632 178.8 

.510 161.2 

.387 143.5 

.280 128.1 



J S 

in* in* 



5.6 1.04 0.8 

5.3 1.06 .87 

5.1 1.09 .89 

4.9 I.IO 

4.1 .87 .82 

3.8 .87 .80 

3.6 .88 .79 

3.4 .89 .78 

3.2 .91 .79 

3.2 .91 .79 

2.5 .75 .72 

2.3 .76 .69 

2.1 .77 .63 

1.9 .79 .68 

1.7 .81 .70 

1.9 .67 .69 

1.7 .67 .65 

1.5 .68 .62 

1.3 .70 .61 

1.2 .72 .64 

1.4 .64 .61 

1.2 .65 .59 

.67 .59 

.67 .61 

.60 .59 

.60 .57 

.61 .56 

.62 .56 

.63 .58 

.56 .58 

.56 .55 

.53 
.58 .53 

.59 .55 

.53 .55 

.53 .52 

.53 .50 

.54 .52 


2 .46 

I .44 
1 .44 
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oni^ deeignated by nominal outdde dimensions and wt per ft as 15 142.9, indicating a 
M m I-beam weighing 42.9 lb per lin ft. For complete data oa wide flange, mgular. 
stamiard and special shapes, see Steel Construciton, published by Am Inst Steel Const. 
Tables 1^22 give the regular shapes, made by all milk rolling theee products; other 
shapes, wide flange, column sections, T*s and Z's, are <mly occasionally rolled, and may 
Mt be in stock, or are rolled only on order. In the tables, I — moment of inertia, 
S « section modulus, and r » radius of gyration (Art 4, 5). 


Table 21. Anises, Equal Legs 


Sise, 



Area of 

Axis 1-1 snd axis 2-2 

Axis 3-3 

in 

in 

lb 

' eection, 

I 

8 

— 

X 





■q in 

in< 

in* 


in 

in 

8X8 

11/8 

56. C 

■sa 

98.0 

111 

2.42 

BOTl 

mwm 


IVm 

54.0 

mam 

93.5 

■ Vm 

2.43 

mwM 

mEm 


1 

SI.O 

mSSM 

89.0 

lu 

2.44 

■SB 

BE ■ 


IVm 

48.1 

14.12 

84.3 

B jU 

2.44 

Ktl 

1.56 


Vs 

45.0 

13.25 

79.6 

14.0 

2.43 

mam 

1.57 


m/m 

42.0 

12.34 

74.7 

13.1 

2.46 

2.30 

1.57 


«/i 

38.9 

11.44 

69.7 

12.2 

2.47 

2.28 

1.57 


ll/M 

35.8 

10.53 

64.6 

11.3 

2.48 

2.25 

1.58 


4/8 

32.7 

9.61 

59.4 

10.3 

2.49 

2.23 

1.58 


Vm 

29.6 

8.68 

54.1 

msM 

2.50 

2.21 

1.58 


1/2 

26.4 

7.75 

48.6 

Bn 

2.50 

2.19 

1.59 

5X8 

I 

37.4 

11.00 

35.5 

mSM 

1.80 

1.86 

1.17 


m/m 

35.3 

10.37 

33.7 

I 8.1 

1.60 

1.84 

1.17 


Vs 

33.1 

9.73 

31.9 


1.81 

1.82 

1.17 


m/m 

31.0 


30.1 


1.82 

1.80 . 

1.17 


Vi 

28.7 


28.2 


1.03 

1.78 

1.17 


11/m 

26.5 


26.2 


1.83 

1.75 

1.17 


Vs 

24.2 


24.2 


1.84 

1.73 

1.18 


Vm 

21.9 


22.1 


1.85 

1.71 

1.18 


V2 

19.6 


19.9 


1.86 

1.68 

1.18 


Vis 

17.2 


17.7 

4.1 

1.87 

>.66 

1.19 


Vs 

14.9 


15.4 


1.88 

1.64 

1.19 

5X5 

1 

30.6 


19.6 


1.48 

1.61 

.97 


m/m 

28.9 

8.50 

18.7 


1.48 

1.59 

.97 


Vs 

27.2 

7.98 

17.8 


1.49 

1.57 

.97 


W/M 

25.4 

7.46 

16.8 . 


1.50 

1.53 

.97 


Vs 

25.6 

6.94 

15.7 


1.51 

1.52 

.97 


11/M 

21.8 

6.40 

14.7 

^BW 

1.51 

1.50 



Vs 

20.0 

5.86 

13.6 

3.9 

1.52 

1.48 

.96 


Vm 

18.1 

5.51 

>2.4 

3.5 

1.53 

1.46 

.98 


1/2 

16.2 

4.75 

11.3 

3.2 

1.54 

1.45 

.98 


Vm 

14.3 

4.18 

10.0 

2.8 

1.55 

1.41 

.96 


Vs 

12.3 

3.61 

mSm 

2:4 

1.56 

1.39 

.99 

4X4 

Vs 

18.5 

5.44 

WSm 

2.8 

!.I9 

1.27 

.78 


ll/M 

17.1 

5.03 

mam 

2.6 

1.19 

1.25 

.78 


Vs 

15.7 

4.61 

m^m 

2.4 

1.20 

1.23 

.78 


Vm 

14.5 

4.18 

6.1 

2.2 

1.21 

1.21 

.78 


Va 

12.8 

3.75 


2.0 

1.22 

1.18 

.78 


Vm 

11.3 

3.31 

■SI 

1.8 

>.23 

1.16 

.78 


Vs 


2.86 

■SI 

1.5 

1.23 

1.14 

.79 


8/m 

mSM 

2.40 


1.3 

>.24 

1.12 

.79 


Vs 

Klau 

1.94 

■xl 

1.1 

1.25 

1 09 

.80 


SaampUt. Sted maksra’ handbooks give tables for safe 1«^ for shapes used as beams and 
eoliuans, -but these estisaates are easily seeured from the data givea. (a) Required sise of I-beam 
to carry central load of 2 tona on span of 15 ft. From Table 1, itf — FI + 4 190 000 ineb-lbl 

Assuming approx «t of beam as IS lb per ft, there should be added for dead load about 5 000. making 
total M •• 185 000 ineh-lb. From Art 4, Jf - i^, or roqulied section modulus 8, using a fiber 
stress A 18 000, is 10.8. From TaUe 10. this edll require a 7-in I, of 15.8 lb per ft. (5) Find the 
uia load for an 8 by 6, 0.5-ia L, 10 ft high acting as a oolamn. Krom Table 22, least radius of 
gyration r 1.30, hence 1 r « 92 and from Art 5 and 20, p 17 000 — 0.486 ({* -«• r*) 

12 000 lb per aq in. Abo from Tabk 22 area of see ■■ 0.75 sq in. hence safe load « 6.75 X 12 000 
- 870001b. 
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Table tt. Aii^ai, Unaqoal Lagi 


81m, 

ia 

Thick* 

ncM, 

in 

Wt 

P«r 

ft.Ib 

Aren 

of 

wetion, 
■q in 

Azia l-l 

Asia 2*2 

Asia 

3-3 

I 

in4 

.s 

in* 

r 

in 

ia 

z 

in* 

S 

in* 

m 

in 

f 

in 

8X6 

11/8 

49.3 

14.48 

88.9 

16.8 

2.48 

2.70 

42.5 

9.9 

1.71 

1.70 

1.28 

1 Vie 

49.8 

13.75 

84.9 

15.9 

2.48 

2.68 

40.7 

9.4 

1.72 

1.68 

1.28 


1 

44.2 

13.00 

80.8 

15.1 

2.49 

2.65 

38.8 

8.9 

1.73 

1.65 

1.28 


M/ie 

41.7 

12.25 

76.6 

14.3 

2.50 

2.63 

36.9 

8.4 

1.73 

1.63 

1.28 


Vs 

39,1 

11.48 

72.3 

13.4 

2.51 

2.61 

34.9 

7.9 

1.74 

1.61 

1.28 


13/ie 

36.5 

10.72 

67.9 

12.6 

2.52 

2.59 

32.8 

7.4 

1.75 

1.59 

1.28 


*/4 

33.8 

9.94 

63.4 

11.7 

2.53 

2.56 

30.7 

6.9 

1.76 

1.56 

1.29 



31.2 

9.15 

58.8 

lO.B 

2.54 

2.54 

‘28.6 

6.4 

1.77 

1.54 

1.29 


28.5 

8.36 

54.1 

9.9 

2.54 

2.52 

26.3 

5.9 

1.77 

1.52 

1.29 


f? 

25.7 

7.56 

49.3 

9.0 

2.55 

2.50 

24.0 

5.3 

1.78 

1.50 

mmm 


23.0 

6.75 

44.3 

8.0 

2.56 

2.47 

21.7 

4.8 

1.79 

1.47 

1.30 


Vm 

20.2 

5.93 

39.2 

7.1 

2.57 

2.45 

19.3 

4.2 

1.80 

1.45 

1.31 

8X4 

I 

37.4 

11.00 

69.6 

14.1 

2.52 

3.05 

11.6 

3.9 

1.03 

1.05 

.85 

15/18 

35.3 

10.37 

66.1 

13.3 

2.52 

3.02 

n.i 

3.7 

1.03 

1.02 

.85 


Vs 

33.1 

9.73 

62.5 

12.5 

2.53 

3.00 

10.5 

3.5 

1.04 

1.00 

.85 



31.0 

9.09 

58,7 

11.7 

2.54 

2.98 


3.3 

I.OS 

.98 

.85 


28.7 

8.44 

54.9 

10.9 

2.55 

2.95 

9.4 

3.1 

1.05 

.95 

.85 



26.5 

7.78 

51.0 

■UU 

2.56 

2.93 

8.7 

2.9 

1.06 

.93 

.85 


24.2 

7.11 

46.9 

9.2 

2.57 

2.91 

8.1 

2.6 

1.07 

.91 

.86 



21.9 

6.43 

42.8 

8.4 

2.58 

2.88 

7.4 

2.4 

1.07 


.86 


19.6 

5.75 

38.5 

7.5 

2.59 

2.86 

6.7 

2.2 

1.08 

.86 

.86 


Vie 

17.2 

5.06 

34.1 

6.6 

2.60 

2.63 


1.9 

1.09 

.83 

.87 

rx4 

» 

34.0 

10.00 

47.7 


2.18 

2.60 

11.2 

3.9 

1.06 

1.10 

.85 

u/u 

32.1 

9.43 

45.4 

10.3 

2.19 

2.58 

10.7 

3.7 

1.07 

1.08 

.86 


Ve 

30.2 

8.86 

42.9 

9.7 

2.20 

2.55 

10.2 

3.5 

1.07 

Ha 

.86 


»/i6 

28.2 

8.28 

40.4 


2.21 

2.53 

9.6 

3.2 

1.08 

iSa 

.86 


*/4 

26.2 

7.69 

37.8 

8.4 

2.22 

2.51 

9.1 

3.0 

1.09 

iKtl 

.86 


“/u 

24.2 

7.09 

35.1 

7.8 

2.23 

2.49 

8.5 

2.8 

1.09 

.99 

.86 


Vs 

22.1 

6.48 

32.4 

7.1 

2.24 

2.46 

7.8 

2.6 

I.IO 

.96 

.86 


Vie 

20.0 

5.87 

29.6 

6.5 

2.24 

2.44 

7.2 

2.4 

l.ll 

.94 

.87 


Vs 

17.9 

5.25 

26.7 

5.8 

2.25 

2.42 

6.5 

2.1 

1.11 

.92 

.87 


Vm 

15.8 

4.62 

23.7 

5.1 

2.26 

2.39 

5.8 

1,9 

1.12 

.89 

.88 


»/8* 

13.6 

3.98 

20.6 

4.4 

2.27 

2.37 

5.1 

1.6 

1.13 

,87 

.88 

6X4 

1 

30.6 

9.00 

30.8 

8.0 

1.85 

2.17 

‘10.8 

3.8 

1.09 

1.17 

.86 

M/ie 

28.9 

8.50 

29.3 

7.6 

1.86 

2.14 

10.3 

3.6 

1.10 

1.14 

.86 


Vs 

27.2 

7.98 

27.7 

7.2 

1.86 

2.12 

9.8 

3.4 

l.ll 

1.12 

.86 


M/ie 

25.4 

7.47 

'26.2 

6.7 

1.87 

2.10 

9.2 

3.2 

l.ll 

1.10 

.86 


s/4 

23.6 

6.94 

24.5 

6.3 

1.88 

2.06 

8.7 

3.0 

1.12 

1.08 

.86 


sVm 

21.8 

6.40 

22.8 

5.8 

1.89 

2.06 

8.1 

2.8 

1.13 

1.06 

.86 


Vs 

20.0 

5.86 

21.1 

5.3 

1.90 

2.03 

7.5 

2.5 

1.13 

1.03 

.86 


s/u 

18.1 

5.31 

19.3 

4.8 

1.90 

2.01 

6.9 

2.3 

1.14 

HBla 

.87 


!/» 

16.2 

4.75 

17.4 

4.3 

1,91 

1.99 

6.3 

2.1 

1.15 

.99 

.87 


Vie 

14.3 

4.18 

15.5 

3.8 

1.92 

1.96 

5.6 

1.9 

1.16 

,96 

.87 


s/s 

12.3 

3.61 

13.5 

3.3 

1.93 

1.94 

4.9 

1.6 

1.17 

.94 

.88 

6XSV2 

V4 

22.4 

6.56 

23.3 

6.1 

1.89 

2.18 

5.8 

2.3 

.94 

.93 

.75 

Wm 

20.6 

6.06 

21.7 

5.6 

1.89 

2.15 

5.5 

2.1 

.95 

.90 

.75 



18.9 

5.55 

20.1 

5.2 

1.90 

2.13 

5.1 

1.9 

.96 

.88 

.75 


Vm 

17.1 

5.03 

18.4 

4.7 

1.91 

2.11 

4.7 

1.8 

.96 

.86 

.75 


Vs 

15.3 

4.50 

16.6 

4.2 

1.92 

2.08 

4.3 

1.6 

.97 

.83 

.76 


Vm 

13.5 

3.97 

14.8 

3.7 

1.93 

2.06 

3.8 

1.4 

.96 

.81 

.76 


Vs 

11.7 

3.42 

12.9 

3.3 

1.94 

2.04 

3.3 

1.2 

.99 

.79 

.77 

5X3 Vj 


19.8 

5.81 

13.9 

4.3 

1.55 

1.75 

5.6 

2.2 

.98 

1.00 

.75 


18.3 

5.37 

13.0 

4.0 

1.56 

1.72 

5.2 

2.1 

.98 

.97 

.75 


16.8 

4.92 

12.0 

3.7 

1.56 

1.70 

4.8 

1.9 

.99 

.95 

.75 


S/M 

15.2 

4.47 

II.0 

3.3 

1.57 

1.68 

4.5 

1.7 

1.00 

.93 

.75 


Vs 

13.6 

4.00 

10.0 

3.0 

1.58 

1.66 

4.1 

1.6 

1.01 

.91 

.75 


Vm 

12.0 

3.53 

8.9 

2.6 

1.59 

1.63 

3.6 

1.4 

I.Oi 

.88 

.76 


s/s 

10.4 

3.05 

7.8 

2.3 

1.60 

1.61 

3.2 

1.2 

1.02 

.86 

.76 


S/M 

8,7 

2.56 

6.6 

1,9 

1.61 

1.59 

2.7 


1.03 

.84 

.77 

5X3 

s/4 

18.5 

5.44 

13.2 

4.2 

1.55 

1.84 

3.5 

1.6 


.84 

.64 

^Vm 

17.1 

5.03 

12.3 

3.9 

1.56 

1.82 

3.3 

1.5 

.61 

.82 

.64 


S/8 

15.7 

4.61 

11.4 

3.5 

1.57 

1.80 

3.1 

1.4 

.81 

.80 

.64 



14.3 

4.18 

1M 

3.2 

1.58 

1.77 

2.6 

1.3 

.82 

.77 

.65 


12.8 

3.75 

91^5 

2.9 

1.59 

1.75 

2.6 

1.1 

.83 

.75 

.65 


Vm 

11.3 

3.31 

8.4 

2.6 

1.60 

1.73 

2.3 

1.0 

.84 

.73 



S/s 

9.8 

2.86 

7.4 

2.2 

1.61 

1.70 


.89 

.84 

.70 

.65 


6/m 

8.2 

2.40 

6.3 

1.9 

1.61 

1.68 

1.8 

.75 

.85 

.68 

.66 
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27. RIVETED CONNECTIONS (13,14,18) 

Rivets are of low-carbon round steel rod, with one rounded head. Holes are punched 
or drilled, or subpunched and reamed, through the parts to be riveted together, and l /is in 
larger than nominal diam of the rivet shank. The rivet is inserted after heating to li|d>t 
yellow color (not over 1 950° F), is held in place by a tool fitting the rounded head, and 
the other head is formed by hand hammering, by a pneumatic hammer with cup-shaped 
head, or, in shops, by riveting machines. 

Rivets are used; (a) to fasten together various shapes and plates thus building up oomposite 
sections, as girders and columns, having a larger area, and bonce greater strength, than the standard 
shapes; (b) to join shapes or composite sections together to form framed coavtruction, as triwea 
and floor systems; (c) in joining curved or other plates to form boilers, pressure vassals and pipes. 



Bplta are used in holding parts together temporarily, or for minor connections, but rivets are pre¬ 
ferred for important work. The nominal diam of rivets varies from 0.5 to 1,6 in by eighths, the 
common sise in structural work being 0.75 in. Fig 57 shows the types of rivets and conventional 
signs used to designate them. 

Spacing and clearances. Rivets are placed in rows, the center lines of each row bdng 
known as the gage line. Pitch is the distance c-o of rivets in a row. Standard gage lines 
are used for angles (Table 23) and in standard beam conneotiona. To leave space to 


Table U. Standard Gage Lines 
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form the rivet head, a certain minimum pitch is required and minimum clearances between 
the gage line and outstanding flanges and crimps. The minimum diet between centers 
should be at least 3 X diam of rivet, but is preferably 0.5 in greater. This applies to 
rivets in 1 row, or to diagonal dist between staggered rivets in 2 or more rows (chain 
riveting refers to identical spacing in 2 or more rows). 

Stresses. Riveting is so designed as not to subject a rivet to tension, but to rause it 
to act in shear. Strength of a rivet is thus measured by its shearing resistance 
(R. » + 4), or its resistance in double shear (J? 2 » 2JB,), or by the capac of the 

metal pierced by the rivet to cany the press produced by the bearing of the rivet shank 
against it; Rs * <Rfh, d b<;ing the rivet diam, I length of bearing or thickness of plate 
pierced 1^ the rivet, and, (A IS C specifications) /» « 15 000 and A 32 000 lb per sq in 
for madiine-driven rivets. 

Tension joints. In these the main sec of the plate » reduced by the rivet holee and 
the ultimate strength of a joint dMigned with enough rivete is thus detei^mned by tiie 
net eec of ^e plate. 
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ExAurtm 1 (Ilg 88a). A lap jofiit with two 1/trin rivate 8-^3 and ( > 0.5 in. Not too io 
— (d + where Ala thaallowablotanailaatz«aa.takon 88 20 000 lb per iq in, and on oilowonee 

oft/s in for the riFot hole. TiuegiveB(3 — 1) (1 + 2) 20 000, or 20 000 lb, which, for a fully lirrted 
joint would be the max load. But, oe there ore only 2 rivete, the oafe load in oincla eheer (area 
of 7/84n ehank - 0.601 eq in) - 2 X aOOl X 16 000 * 18 030 and in bearing - 2 X 7/3 X 1^ X 
82 000 — 28 000 lb. Henoe iZt controls and, since strength of the full plate - 3 X Vs X 20 000 ■ 
30 000 lb, the effio of the Jdnt - IS 030 + 30 000 « 60%. 



(fc) 


Fig 68. Biveted Connections 

SxAMrLB 2 (Fig 686). A double-strap butt joint, with 9 7/g-in rivets, 6 » 12. (of main plate — 
0.76 and of atrape * 0.6 in. Assuming that the stress is uniformly distributed to the rivets, 
At i* 2 X 0 X 0.601 X 16 000 • 162 400 lb, as the rivets are in double shear. Also Rb on aide 
pUtes - 0 X 2 X 7/8 X 1/^ X 32 000 - 252 000 lb. As fb may be increased 25% (AISC) for the 
center plate, which hoe support from both side plates, Rb for center plate 9 X 7/8 X 3/4 X 
40 000 ■■ 23 620 lb. Finally the tension in the net sec of the main plate is (12 — 3 X 1) (0.75) X 
20 000 - 135 000, and in straps > (12 - 3) (2 X 0.5 X 20 000 - 180 000 lb. Hence tension in the 
net sec of main plate limits the working load on this joint. Since the gross sec of main plate will 
carry 180 000 lb, the efiSo of the joint is 135 000 + 180 000 75%. 

A fuller analysis of this design will show that the stress is not carried uniformly, as assumed, but, 
because of the varying elongation of the plate between lines of rivets, the rivets in row 1 (Fig 68b) 
carry most of the load and those in row 2 the least. The design can be increased in effio to approx 
90% by using tapered straps and a different arrangement of rivets. 

Cempreggioxi jointo. There is no essential difference in design, except net section is 
unimportant and shear or bearing usually control. 

Exaupus 3 (Fio 59c). Two 4 X 3 X angles acting as a compression member 
and carrying 50 000-lb 1(^ are connected to a 7/u-in plate (gusset plate), as is common in 
designing joints in framed structures. 

Find the number of 0.76-in riv^ required. Ru is found to be 13 250 lb, and Rb on the 7/x8-in 
plate is 13 100 (allowing 25% increase as above), and for the 2 angle legs is 18 000 lb. Hence Rb 
on the 7/x8.in jdate controls and the number of rivets required is 50 000 -i- 13 100 » 4. For more 
detailed analysis, particularly of eccentrioally loaded joints, see (13). 

Standard connections have been adopted for standard I-beams (Table 19), as shown in 
Table 24. There is also given tiie minimum span for uniformly distributed loads, below 
which the strength of the connection (assuming 0.75-in rivets) determines safe load on 
the beam rather than its cross-sec in bending. 


Table M. Standard .Two-ani^e Connections 


Approx I 16- 

ailn f ft 21 

Depth of beam in 21 
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28. WELDED CONNECTIONS (19). 

Use of gM or uc welding for conaectiona in steel construction is now common. Joints 
are formed by fusing additional metal along the edges of parts to be joined, or, less often 
and in smaller parts, by spot welds. Fig 69 shows typical Joints, those requiring speoisl 



Doable reo 
Butt Joints 


(«) 

Fig 59. 



Tsrpes of Welded Conneolions 


preparation of the edges V types being used for the heavier thicknesses, double V for 
ovw 0.5 in. 

fn forming the weld (Fig 60> the tool is moved ooatinually forward, foriag the hoM melol to a 
penetration of Vsg-^/s in, while welding metal is added to build up the bead. If properly timed 
there will te no overlap (due to eurplus welding metal), or undereut (due to lack of metal), and a 
bead is formed of uniform contour with a surfaoe free from oxide coating and marked with a series of 
ripples with a crater at the end, where the operation stopped. In gas welding, the limit of thiokness 


Ripples 



Section (•) id) 

(o) 

Fig 60. Welding Nomenclature 


is determined by sise of the molten pool of metal which can be maintained. In are welding, sinsie 
layers seldom exceed Vs in. but any total thickness can be built up in multi-layers. FLUet welds 
of 0.25 in are made in one pass. 

The operation requires intense heat and thus extreme local expansion, followed by cooling and 
Aimealing to relieve residual stresses is dasiraUe, but rarely poasiUe, To minimise 



(t) (b) (C) 

Fig 61. Bead Dimensiens 


these stresses, the parts should be free to move with the eontraettng metal, and the design cf the Joint 
and sequence of the operation (redueing the length of weld metal deposited in one tveratkn, wriding 
opporite aides in short lengtlw or rimultaneoualy) must be planned to allow for heat effMts. Inspeo- 
tion Involvea overlie, undercut, burned metal, quality of aurfaeo and depth of beadr but shBl is 
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For furthar detail*, eee ** Proeedive Handbook ot Aro Weldins Deiica and Fnotiae.'* 
of Lincoln Elec Co; also (19). 

Pa at pi. Hie oomputation of welded joints ia far simpler than for riveted conneotions. 
In butt wrids (Fig 69 a and b) there is a surpliu of metal, termed rein/oreemmi, the weld 
seo bring thleker than the plate but dimensions of latter (Tee, Ilg 69a) control derign. 





(ft) 

Fig 62. Design of Fillet 
Welds 


BxAUPLa. In fillet welds dimensions are determined by minimum 
inelnded trianrie. as in Fig 61 a or b, where D •" depth of weld and 
throat or minimum see. Assuming that longit shear ia uniform, 
If/« a shear value of weld, lb per sq in, strength of weld in lb F ■■ 
T/«L, or 0.7D/tLt where L length of weld. Using allowable shear 
on tiuoat (Am Welding Soo), ft ■■ 11 300 lb per sq in, a 0.26-in weld 
will carry 2 000; a >/$, 3 000, and a 0.5, 4 000 lb per lin in. Thus for 
the joint in 62a, in which a 0.6-in ^ate 6 in wide is connected by 
0.5-in side fillet wel^ to give a tensile stress of 20 000 lb per sq in. the 
total load — 0.5 X 6 X 20 000 « 60 000 lb, and the total length of 
weld 2I> ■■ 60 000 -t- 4 000 >• 16 in, to which 0.5 in is added on each 
side to allow for crater, making L — 8 in. Another type of welded 
oonneetion for this joint la the transvefse weld (Fig 62b}, where a trans¬ 
verse fillet is used. A better stress distribution is secured by using a 
SO* weld (Fig 59c), rather than the usual 45* see. Although the stress 
on the throat area is combined tension (rilowable tension in welds 
(A W S), 13 000 lb per sq in) and shear, it is generally assumed that 
shear controls as in longit welds. 


29. COLUMNS AND GIRDERS (13) 

• 

Although much larger steel sections are now bring rolled than in the past and, whenever 
available, solid rolled sections are used, it is necessary when larger areas are required, or 
for speoiri members in frame construction, to build up composite sections of plates and 
angles. Special wide-flange beam sections up to 36 X 16.6 in are rolled and wide-flange 
H-column sections are now used. 

Girders are built-up of a web plate with flange angles and cover plates (Fig 63), giving, 
in effect, a large 1 section. The basic computations are the same as those for smaller 



(«) 


Fig 63. Girders 



Weldeii type 
(«) 


Wmip except: (o) while the web plate and flange angles are usually of uniform thickness, 
the cover plates may be reduced in thickness (number) toward the supports, in accordance 
with the decreasing moment; (6) the web will require intermediate stiffener angles to br^ 
it against btiokUng due to shear under heavy loads. For details, see (13). Effective 
depth d, in M - JCI -i- d (Art 4), is measured between centers of gravity of flange sections. 
Where a wrided girder lection is used, the most economical form is that of Fig 63c, rather 
thaw a section like the riveted fonn in Fig 63b. 


Struts or cttoipression sections in lighter framed construction are often composed of 
two angles back to back, as in steel roof truss (Fig 64). 

Waehers, the same tbiokneee as gurnet pletee, are used to permit riveting of anglee at such intervals 
tiiat f + r (Art 6), or 2 aeries considered eeparately, shall not exceed that of eompomte Motion 
(1^ 66). Wot ExittUy IcMulcd oolumns witfe 2 + f not ovw 120 (roQuired for mun zuombors) tho b&xq 
load (AISC) persq in - p - 17 000 - 0.486 (1* + r*), while for bracing and leei important members, 
t + r iK ?eMh MO. p - 18 000 (1 + P + 18 000.*). For detail, of derign of hwivier 

bridge and huUding columns see (18). . ..-- j 

Tsaaionjineniben are also frequently made of atandard sectioBs (ae anries ia Fig 64) InSteM 
of ro«q|liri;|fti, due to eaae ri w»*Mng riveted connection and in^ueaeod etiffnese riven to entuo 
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fimaw. Tie rode, with or without turabueklee, end with threaded or loop ende, are alao n eed, 
while in heavier oonetruetion with pin jcante eye bare are often eaaployed. 



SO. BRIDGES AND BUILDINGS 

BAdM*. For rolntivbly light loads, the possibility of using 2 or more I-beuu 

should always be invostigEted, Built-up girders are used for R R lo^in^ in spaM to 
120 ft or moi«, the depth, usually about 0.1 the span, being Unuted by shipping ooaditioiw 
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elements op STBUCTtJKAL DESIGN 


(bridge end tunnel clearances). When possible, ties or floor should rest on top of beams or 
giirier {deck conslruction), bit clearances may require more costly through construction. 

Trusses are used' only for larger spans. In former practice 



Fig 05. Compression in 
Angles 


epons to 150 ft were generally built with rivet^ joints; longer 
spans pin connected, for easier erection. Solidly riveted con¬ 
nections are now usually employed for greater rigidity. For 
details of steel bridge design see (13). 

Buildings. Steel mill buildings are of 3 types: (a) steel 
truss and braced 'columns, covered with corrugated iron 
(Art 24), or thiq, concrete walls, supported by the steel 
frame; (b) same as above, except columim are braced by 
thin self-supporting masonry walls; (c) sted roof trusses, 
supported on masonry walls. 



Fig 66 shows 3 common forms. Saw-tooth roof is usually so designed that the glass has a northern 
exposure. Fig 67 shows oross-eec of a building of type (a), with wind force acting against it. 
Dead and snow-load stresses in the roof truss are computed as in Art 17, but column, braop, and wind 
stresses depend largely on wind load and condition of fixity of columns. Fig 67 shows conditions 
when columns are assumed as usual aa fixed at upper and hinged at lower end. Wind load is taken 
as acting at panel points, the individual loads being Wi, Wt, Wt, W 4 , and W 5 . The resultant W, 
acting at height h, is found by taking moments about the column base, the forces required for 
equilibrium being shown. In column Pi max moment producing bending is just below the knee 
brace, and - Wb + 2; the column must be designed (Art 6 ) to allow for this, in addition to direct 



Fig 67. Distribution of Wind Pressures on Roof Truss 


load from truss. The shear above brace * Wb + 2 a, and below brace W + 2. Direct stress 
due to wind below the brace is Wh +■ 1; above brace «• (Wc + 2 d) — (WA -t- 1); in braoe, P* -> 
Wee + 2 ad. Member P4 - (We + 2d) — (Wh + i) cosec f. Chord P* ■ P* cos i — Wb -i- 2 a. 
Streesa in other members are found by applying forces Pa, Ps, and Pi and solving by methods of 


Art 18. 

In many mill and factory buildings the column dmign is complicated by need of providing an 
overhead crane, to be carrM by crane track girders supported by brackets attached to inaide of 


columns. Crane loads thua produce excentrio loading on columns; also a side thrust of 5-10% or 
more ^ lifting eapac of the crane ahould be provided for, togethn with some impact allowance (17). 
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PETROLEUM PRODUCTION METHODS 


1. FETROIBUM DEPOSITS 


OeologicRl oecurrwiea. Oil deposits are found in sand strata, and in beds of porous 
limestone where structural conditions permit accumulation and retention of oil and gas. 
These conditions are: (o) sufficient structural relief, (b) a porous body (^d, limestone, 
or in a few cases porous serpentine), of sufficient Sickness and porosity to form the 
necessary reservoir; (c) source bods, whence the oil has migrated to the reservoir (1). 

Structures favorable to oil accumulation are anticlines, domes, monoclines, terraces, 
lenses, faulted areas, part dome and j>art fault, and unconformities. Fig 1 shows a classic 


Well through oil sand 



porous limestone) 

Fig 1. Ideid Vert Sec through Dome contatning Oil, Water and Qas 


example of an oil reservoir, in this case a sand stratum with cap-rock preventing the 
upward escape of oil and gas. Free gas occupies the upper part of the dome, underlain by 
the horiz oil deposit, below which is the “edgewater," preventing oil and gas (now under 
considerable press) from escaping down the slopes of the dome. This is either water 
which has backed into the reservoir, or (in part) water displaced by oil and gas (2). 

Oil and gas in underground reservoirs are usuall}'^ under pressure, roughly equal to 
press in a water column of same depth below surface, though there are many cases of 
press greater or leas than required by this rule. Examples are given in Table 1. Pres¬ 
sures observed in early years were probably “casing-head pressures," not actual “bottom- 

hole pressures," which are more 
accurately recorded today with 
instruments lowered to the well 
bottom. The last 7 examples in 
Table 1 (except Oklahoma City) 
were taken with bottom-hole 
press bombs, and their close ap¬ 
proach to water-column press of 
0.434 lb per sq in per ft of depth 
is noteworthy. 

In genei^, oil under press 
contains gas in solution, the quan¬ 
tity varying with the press and 
the character of oU. Hi^-gravity 
(ffis usually contain more gas than 
heavier oils. “Saturated" oil 
contains all the gas that can be 
dissolved at the reseiYoir press, 
and any excess must then exist free, in a ^s-cap at top of the geologic structure.' " Under- 
satura^" oil has less than the max gas content at the existing press. Fig 2 idiows the 
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Table 1. Pressures of Gas in Various Reservoirs 


Field 

Depth, 

ft 

Lb per 
eq in 

Lb per sq in 
per ft depth 

Kokomo, Icdiana. 

650 

528 

0.505 

Findlay, Ohio. 

950 

400-450 

0.421-0.475 

BttUor Co, Penna. 

1 452 

600 

0.415 

Smackover, Ark. 

2 200 

900 

0.407 

Cotton Valley, La. 

2 556 

900 

0.555 

Barbour Co, W Va. 

2 980 

1 420 

0.476 

East Texas, Texaa. 

5600 

1 650 

0.458 

Keokuk Falls, Okla. 

4000 

1 820 

0.455 

Taloo, Texas. 

4 525 

I 600 

0.416 

Plymouth, Tens. 

5600 

2 420 

0.432 

Rodeesa, Texas.,. 

6 100 

2 670 

0.437 

Oklahoma City, Okla... 

6 500 

2 600 

0.400 

Anahuae, Texaa. 

7 100 ‘ 

5 260 

0.458 
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quaatitiM of gaa disaolved in oils ot various fields; for example, that diseolved in one bbl 
of oil in the Seminole field under 1000-lb press is 290 cu ft. 

When a reservoir is tapped, oil rises in the well to the height corresponding to reservoir 
press, provided the gas above the oil column can escape from the ftMing head. If enough 
gas is associated with the oil, the 
oil will flow naturally from the well, 
until reservoir press hu declined 
to the point where the gas content 
can no longer lift the oil to the 
surface, whereupon the well will 
flow in heads and finally cease al¬ 
together. In deep deposits, the 
gas content seems to increase suf¬ 
ficiently with depth to maintain 
more rapid flow than in shallow 
wells. After natural flow ceases, 
artificial means must be provided 
to lift the oil. 



Methods of extractiog petroleum 

described herein are clamed as primary 
or aecondary, depending chiefly upon 
age of the well and degree to wUcb 
oil haa been extracted. These classes 
were formerly more sharply distin¬ 
guished, but are now beginning to 
overlap. Primary methods include natural flow and direct-lifting methods, beginning with com¬ 
pletion of the well and ending when these methods can no longer extract oil profitably, but must 
be Bupplemented by secondary methods of repremuring (Art 12, 13). 


Fig 2. Cubic Feet of Gao Dissolved in One Barrel of 
Crude Oil. (o) Raccoon Bend, Tex, 20.3* API. (6) tiugar- 
land, Tex. U) Raccoon Bend Crude, 32.1° API. (d) Okla¬ 
homa Crude, 31 API. (c) Wyoming Crude, 36“API. 
if) Seminole Crude, (t) Hobbe Crude 


PRIMARY METHODS OF EXTRACTION 

2. NATURAL FLOW 

In most fields, a completed well will flow naturally for a period dependent on the 
quantity of gas associated with the oil, depth of well, reservoir press and diam of casing. 
If the quantity of gas is large enough and can automatically adjust itself to the quantity 
of oil entering the well bottom, natural flow may continue throughout the life of the well, 
and such cases have been known (3). Usually, the quantity of gas declines until the well 
stops flowing or “dies," whereupon artificial means of lifting the oil are necessary. 

Depth of well is an important factor in the duration of natural flow, since a definite 
amount of work must be done for each foot through which the oil is lifted, whence (other 
conditions being constant) the deeper the well the greater the quantity of gas required to 
lift a bbl of oil (4). For a given flowing press, assuming that the casing is delivering oil 
at its most effio rate, the greater the diam of casing the less gas is required to lift a bbi of 
oil. Table 2 shows ft-lb of work developed by a perfect gas, when expanding isothennally 
from, a given gage press to atmosphere. Gas associated with oil is not a jicrfect gas, nor 
does it expand isotiiermally, but in each case its characteristics bear a definite relation to 
isothermal expansion; whence, for any one well the observed characteristic-s of flow, and 
the flowing eflio, based on isothermid theory, provide a measure of lifting effic accurate 
enough throughout the period of natural flow. Between wells of the same pool there is 
little difference in the factors for deviation of compressibility under flow^ conditions. 

Flowing press at the sand face is another important factor. If this press dechnes 
until the cuMociated gas has too little energy to lift the oil to the surface, the well ceases 
continuous flow. It may then flow intennittently, as gas accumulates from time to time 
at the well bottom in sufficient quantity to lift the accumulated oil, ^it this flow is uncer¬ 
tain and subject to almost no control; whence, at this point some artificial means of lifting 
is usually necessary (6). But flowing press may be partly or fully maintained by the ps 
associated with the oil, or by water (if under press head) at the edges of the field, tending 
to drive oil to the well. In general, when a well is opened and begins natural flow, some 
of the oil and gas near the well bottom is drawn off, lowering press at the sud face and 
allowing reservoir press to drive or push more oil to the well; this process contimung until, 
at tome rate of flow, reservoir press is balanced by the press r^uired to drive oil through 
the sand to tiie well and tiirough the casing and discharge piping at tl» surface (6). 

Derired production of oil governs the manner of “producing ’ the 'iroh For max 
production the well is opened wide at surface, and buch prem at that ^nt is teld te a 
miodmuni. If there is enough associated gas to maintain a high rate of flow, the w«U is 
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T«bl« S. Pt-lb of Work to ComproM 1 Cu Ft of Gu Iiotkomudly to « Given Prow 


Lb per 
sq in ' 

Fi4b 
of work 

Lb per 
sq in 

Ft-lb 
of work 

Lb per 
sqin 

Ft-Ib 
of work 

Lb per 
AQ in 

Ft-lb 
of work 

Lb per 
•q in 

Ft-lb 
of work 

» • • • 




260 

6 190 

510 

7 568 

760 

8 392 

I 

139 

20 

1 819 

270 

6 274 

520 

7 608 

770 

8 420 

2 

270 

30 

2 354 

280 

6 347 

530 

7 647 


8 446 

3 

393 

40 

2 782 

290 

6417 

540 

7 685 

790 

8 473 

4 

510 

50 

3 137 

300 

6 486 

550 

7 723 


8 499 

5 

620 

60 

3 441 

310 

6 552 

560 

7 760 

810 

8 525 

6 

725 

70 

3 707 

320 

6616 

570 

7 798 

820 

8 550 

7 

824 

SO 

3 943 

330 

6 676 

580 

7 833 

830 

6 576 

8 

920 

90 

4 156 

340 

6 739 

590 

7 668 

840 

8 601 

9 

1 011 

100 

4 349 

350 

6 798 

600 

7 902 

850 

8 625 

10 

1 107 

110 

4 526 

360 

6 055 

610 

7 937 

860 

8 649 

It 

1 IB3 

120 

4 689 

370 

6911 

620 

7 971 


8 674 

12 

1 263 

130 

4 841 

380 

6 965 

630 

8 003 


8 697 

13 

I 341 

140 

4 982 

390 

7CIA 

640 

8 036 


8 721 

14 

1 416 

150 

5 115 

400 


650 

8 068 


8 744 

15 

1 4S9 

160 

5 240 

410 


660 

8 100 

910 

8 767 

16 


170 

* 5 358 

420 

7 169 

670 

8 131 


8 790 

17 

MEm 

160 

5 469 

430 

7 218 

6C0 

8 162 


8 812 

18 

1 692 

190 

5 575 

440 

7 264 

690 

8 192 


mSSSM 

19 

1 757 

200 

5 676 

450 

7311 

700 

8 222 


Kllfl 

• • a > 

• • e • 

210 

5 772 

460 

mmm 

710 

8 251 


8 879 

a . a a 

• • • • 

220 

5 865 

470 


720 

8 280 


8 900 

a . . - 

.... 

230 

5 953 

480 

mEnm 

730 

8 309 

9D0 


* . a . 

.... 

240 

6 038 

490 

7 485 

740 

8 337 

990 




250 

6 119 

500 

7 527 

750 

8 365 

1 rro 



flowed through the easing (7). Sometimes the sand at the well bottom is loose and enough 
may enter the well eventu^ly to choke it (as in many weUs on Gulf coast and in Calif), in 
which case it may be necessary to choke back the flow, by partly closing the discharge 
valve at surface, or by inserting a "choke” or "bean" or “flow-nipple” in the discharge 
line. Choking may also be effected by tising a diam of well tubing suited to desired flow. 

When there is an oveteupply of oil, it may be necessary at times to choke or restrict the pro¬ 
duction of a well, usually effected by running tubing inside the casing, of a diam likeiy to be used 
later when producing the well artificially. Closer control of the rate of flow is obtained by inserting 
in the flow-line a choke or flow-nipple, of diam suited to the rate desired. During the past ten 
years the large oversupply of oil has made it necessary to restrict the production of large wells, 
and various methods of prorating the restricted production equitably between operators have been 
applied. From data obtained during these years of proration, some engineers hold that restriction 
increases the ultimata recovery of oil, especially where there is a strong water dri\e; on the theory 
that the right degree of reetriction w.iuld so adjust the advance of the water as to maintain reservoir 
press, while sweeping the oil gradually to the wells, thus maintaining natural flow throughout their 
life (8). Some engineers also believe that under restriction the gas-oil ratios are held to a minimum, 
thus tending to maintain higher reservoir press than when the wells are produced at max capacity; 
but, it has been observed in many flelds that flowing at max capacity has not increased, but rather 
reduced, the gee-oil ratio. Whether ultimate recovery is inoreaaed or reduced by restricting pro¬ 
duction is a question which continued observation during the next 10 or 15 y^ars may tend to 
deeide. Meanwhile, as long as e large oversupply of oil exists, production must be restricted 
regardleaa of ultimate recovery, and the restriotion will be applied to large flowing wells rather than 
to email welis operated by artifieiai lifting methods. ” Kick-off ” valves (Art 4} are used in flowing 
wells when gas prees and volume have declined until the wells will not start flowing after they have 
bean abut in for a time, or else flow in a surging condition. 

3. PRESSURE MAINTENANCE 

Maintenance of reservoir pressure and indefinite natural flow without any resulting 
disadvantage would be the ideal mode of producing oil (9). If no oil or gas were drawn, 
off, the reservoir press would be maintained indefinitely; and a lowered rate of production 
means a slower declme in press, though this may serve only to spread production over a 
longer period. 

Reservoir preaa depends upon quantity and press of gas associated with the oil, activity 
of the wat^drive behind the oil, degree to which the reservoir sand or rock becomes 
compacted as oil and gas are removed, and effectiveness of returning some fluid (gaa, water, 
or oil) to the Reservoir. It has been held that, witli an active waterrdrive, some restricted 
rate-^ production can be found at which the water will follow up the oil wdtbout lo» of 
jgjtais. thus maintaining this press on the oil and gas in the reservoir (10). To the eatent 
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GAS-LIFT, CONTINUOUS FLOW 

that this balance is achieved, rMtriotion is of benefit whenever the longest possible mainte¬ 
nance of natural flow is desired, such flow being tisually the cheapest known method of 
production. Restriction where there is a strong water-drive is found in the East Texas, 
Hobbs, Rabbs Ridge, Anahuac and other fields. 

Reservoir pressure can be muntained to some degree by injecting into the reservoir 
a volume of fluid (oil, water or gas) equivalent to the volume removed (11). The usual 
method is to inject gas into the highest wells on the structure, thereby forcing the oil 
down to the lower wells. To do this, the gas produced with and separated from the oil is 
used, being recompressed and returned to the input wells (12). Also, oil or water can be 
injected into wells lower on the structure, to push oil upward to those higher. 

In Persia, heavy crude oil Oeft after tapping the gasolene) has been injected into the reservoir, 
tending to maintain press to the extent that it replaces oil and gas removed. In a few fields, a 
large part of the gas produced has been returned for the same purpose (os in Colombia, Perd and 
Sumatra, operated by subsidiaries of Standard Oil Co of N J). Much oil in the Talang Akar- 
Pendopo field, Sumatra, has been produced by the press maintenance method, with apparently 
favorable results. The method has also been applied to the Tepetate field, Louisiana (13) and the 
Sugarland (14) and Raccoon Bend fields in Texas, of which the last named has not responded very 
well; but results in the Sugarland field seem encouraging enough to suggest continuing until exhaus¬ 
tion of the pool, or until definite oonclusionB can be reached. Data of theee last two fields are 
in Table 3. The South Burbank (15) and Keokuk Falls (16) fields, Okla, are operated by returning 
a large part of the gas produced with the oil, though perhaps the latter field is not suited to the 
method. Results in the South Burbank field are not yet definitely establubed. 


Table 3. Presaure'Maintenance Operations, Sugarland and Raccoon Bend Fields, Tex 



Sugarland Field 

Raccoon Bend Field 


Nov, 1934 

Since 
Apl, 1930 

1 

Nov, 1934 

Since 
July, 1930 

Oil produced, bbl. 

179 995 

15 147 793 

104 367 

8 661 567 

Gu produced. M cu ft (2-Ib hue). 

46 385 

4 378 349 

I5t 199 

13 128 861 

Gu returned, M eu ft (2-lb bue).. 

41 082 

3 669 605 

91 959 

6 773 874 

fwM rAtiirnAcl. %. 

88.7 

88.4 

56.5 

51.5 

Gaa-oil rfttiofl, cu ft per bbl: 

Total. 

258 

289 

1 449 

1 516 

liaturned . 

228 

255 

881 

782 

Net. 

29 

34 

568 

734 


4. GAS-LIFT, CONXmubUS FLOW 

Air- or gas-lift was tried and used on a small scale soon after the first commercial wells 
were produced in Penna (1865), and in early days on the Gulf Coast, at Humble, Evan¬ 
geline, Goose Creek, Orange, West Columbia; in various Calif fields, as Huntington Beach, 
Kem River, Long Beach, Santa Fe Springs and Seal Beach; in Okla, at Blackwell, Bur¬ 
bank, Oklahoma City, Seminole, Wewoka, etc; abroad in Argentina, Canada, Colombia, 
Perd, Rumania, Russia, Sumatra, Trinidad and Venezuela. 

Gaa-lift follows natural flow in Ios;ical sequence; used to good advantage where natural 
flow has ceased, or has fallen off for lack of gas with the oil. Its principle is identical with 
that of natural flow itself, and of the air-lift for raising water; for theory and details, see 
Sec 16, and Bib (17,18). Tubing is installed inside the well casing, and air or gas injected, 
either through ^ tubing (the oil flowing between tubing and casing), or vice versa. 

Casing sisea for gaa-lift are 6 I /2 to 9 6 /g in; tubing sises, 4 in down to 1 in or lem; in generid, 
easing size should increase with well depth (19). In the Seminole field (20), usual siziw were 51/j 
and 6 S/g-in casing with 2-in tubing, 7-in easing with 2 l/g-in tubing, and 8 fi/g-in cuing with 3- 
and 4 -in tubing; the oil usually flowed between tubing and cuing, for lifting u mueh oil u posmUe, 
but in periods of restricted production it wu lifted through 3- and 4-in tubing. In Oklahoma Citj^ 
sices are 6 S/g-in casing with 2-in tubing; 7-in cuing with 2 - and 2 1 / 2 -in tubing; and 8 6 /g, 9- and 
9 6 / 8 *in cuing with 3-in tubing. In early years in this field. when production grutly restrietw 
and reservoir press still high, oil wu flowed through the tubing in some wells, through the cuing in 
others, but when preu had declined from 2 600 lb to 700 lb or leu. the oil wu usuidly r^ed though 
the annular epaoe, to obtain larger production with less vol of gas per bbl than by rauing tnrougn 
the tubing (21). General type of well hook-up for gu-lift used in the Tonkawa, Seminole and 
Oklahoma Citj? fields is shown in Pig 3. Variations were made to suit local eonditione. , 

QuiiRty of' gM roqoifoil to raise oil by contimiou# gM4ift depends on well dep^, 
flowing press at bottom of tubing, size of casing and density of oil. TaWe 4 shows the 
quantity required tn lift a bbl of oil at max flow. 
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T«U« 4. Approx Qiuuitity of Output Ou fw Liftfag Ono BU of Oil, Whoa Prodoelag 

at Max Capacity 


Cu ft gu per bbl of oil 


riowiHB 

prCMure, 
lb per sq in 

Burbank 
2 900 ft 

B Texas 

3 600 ft 

Seminole 
4 000 ft 

Corpus 

Christi 

4 100 ft 

Luden 

5 200 ft 

Okla 

City 

6 500 ft 

Turner 
Valley 
7000 ft 

Buckeye 
7 900 ft 

2 000 

■Bl 






40 

110 

1 500 

HHHH 




55 

110 

144 

240 


17 

40 

70 

95 

160 


327 

480 


S3 

70 

123 

157 

255 

BU 

487 

680 


100 

140 

230 

268 

425 

BU 

744 

1 080 

500 

145 


330 

374 

572 

B9 


1 480 

400 


300 

480 

563 

805 

■la 


2 020 

500 


490 

750 

870 

1 310 

1 700 

2 000 

2 660 

200 

692 

930 

1 410 

1 570 

2 370 

2 580 

3 182 

3 850 

100 

1 810 

2 650 

3 240 

3 580 

4 670 

^WTiT>B^ 


8 570 

SO 

4 350 

5 330 

6 190 

6 720 

9 500 

13 000 

15 300 

18 300 


The above quantities are total, including gas associated with the oil and flowing with it 
into Uie well; the latter should be deducted to find the quantity to be injected for lifting 
purposes. Thus, a Seminole well producing at 200 lb flowing press, with 800 cu ft of gas 
accompanying the oil, requires an input of 1 410 minus 800, or 610 ou ft per bbl (Table 4). 



For ^w-lift, the capacity of tubing and casing in two fields follows the formula P CB^, 
wherein P » flowing press at bottom of tubing, in lb per sq in, B bbl of oil lifted per 
24 hr, and C and n for various sizes of tubing or casing are as follows: 


Table 8. Constanta in Formida for Capacity of Tubing and Cating 


Casing 

TulniHt 

Seminole Field 

OUa City fldd 

C 

n 

C 

II 

Oil flowed through tubing. 

44 88 48 88 

7*inOD.... 

g S/g>in. 

3- in 

4- in 

21/8^ upset 
3-in upset 

4<4n upset 

3-in 

3-m 

44n 

10.22 

3.965 

2.546 

1.021 

1.166 

■ 

14.21 

8.018 

6.222 

0.4722 

0.510 

0.5128 


BmnB 


a p. y f‘--T . 


1.6267 

8,625 

8,620 

96/g<in OD...'. 

9V«-in OD....>. 


1^9 
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Gm for liftins mmy be aupidied from large oentraily located plante, from email i^nta oa the 
Individual lease, or from gas wells; the last named furnishes the most satisfaetocy supply if press 
and volume are sufficient (22, 23, 24). 

**Xiek-olf” valyea are used to start wells on gas-lift, when the press is higher than can 
oonyaniently be handled by the gas-line press. They are inserted in couplings in the 
tubing at intervab of about 300 ft, with the uppermost approx at the static fluid level in 
the well. When press in the fluid column exc^s that in the gas column by a predeter¬ 
mined amount, the valve opens and allows gas to enter the liquid column, starting it on 
gas-lift and Uius lowering its press at the valve, which then closes. Gas is admitted to 
the next lower valve, and the liquid blown off. This process continues until the bottom 
of the tubing is reached, when all valves are closed and the well flows by means of gas 
entering lower end of the tubing. 

Ultimately in most fields, gas will have to be compressed in a plant installed for the purpose. 
For a number of wells within a Vs^mile or even 1-mile radius, a central plant effects savings; which 
may be partly offset, however, by friction loss in pumping gas to the wells, unless large-diam pipe 
is used (25 to 29). 


Table fl. Cost of Compressor Plants in Various Oil Fields 


Seminole Field 
Small oompre 


Boni, electric driven. 


90-hp direct-driven gae-en^ne compreasore.. 

l65-hp. “ " . 

165-hp '■ . “ .! 

Oklahoma CUy Field 

Small compressor, electric driven (used).. 

9(l-hp direct-driven gas-engine compressore (new)., 

(used). 
(new). 
(used). 
(new)., 


90-hp 
190-hp •• 

165-hp “ 

250-bp “ 

Eaet Texae Field 
Small oompreeaon driven by 50-hp electric motors (used) 

90-bp direct-driven gaa-engine compressors (new).. 

90-hp “ . ■■ (used). 


Total cost 

Displacement 
per day, ou ft 

9 26 000 

2 000 000 

46 000 

4 000 000 

55 000 

6 000 000 

80 000 

3 600 000 

25 000 

1 700 000 

200 000 

10 000 000 

12 500 

2 000 000 

41 000 

2 700 000 

23 000 

2 700 000 

32 500 

2 000 000 

18 000 

2 550 000 

83 000 

6 700 000 

2 500 

400 000 

8 500 

600 000 

4 000 

500 000 


In Seminole field the required compressor capao was about 1 500 000 to 2 000 000 cu ft displace¬ 
ment per day per well, when producing 1 000 bbl or more per day (30). In Okla City field, the 
displacement per well is as high as 6 000 000 ou ft per day, when producing 12 000 bbl or more, 
and about 3 000 000 eu ft per day, when pressures have so declined that only 200 bbl can be lifted. 
To the present time, the allowable 20 bbl per day per well in the East Texas field has made un- 
neceesary the use of large plants for lifting the oil. Compressors often serve only to start the 
wells flowing, after which they continue on natural flow. In the East Texas field, a gas-lift com¬ 
pressor of 500 000 cu ft per day displacement will serve up to 20 wells, if near the plant, thus making 
the aver installed cost about 9450 per w'cU (31). 

Opunitiiig coatg, not including deprec, of compressor ulants in Okla City field are as 
in accompanying table. Lifting cost of 
the gas is equal to quantity of gas per 
bbl of oil, multiplied by cost for 1 000 
ou ft. Thus, at Seminole, to lift oil by 
100-lb bottom-hole press required a total 
output consumption of 3 240 cu ft per 
bbl (Table 4), of which 800 was the aver 
quanti^ of formation gas accompanying 
a bbl of oil, leaving the required input 
gaa at 2 400 ou ft per bbl. At li per 
1 000 ou ft, the lifting cost of gas would be 2.4^ per bbl. 

Oae-iift without modification is termed “continuous” or “straight” gas-lift; when in 
connection vdth auxiliary centrifugal or plunger pumps, a “combiimtion” gasdift (Art 6); 
and when gas is admitted to the well at intervals, it is an “intermittent” gas-lift (Art 6). 


Plant 

Total 

M ou ft 
per year 

Total 

opiating 

cost 

Cost per 

1 000 ou ft 
gas, cte 

A 

422 662 

$ 8 059 

1.91 

B 

3 150 737 

29 025 

0.92 

C 

4 262 661 

31 429 

0.93 

D 

3 250 438 

33 390 

1.02 

E 

2 039 155 

20 300 

1.00 
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6. COMBINATION GAS-UFT METHODS 

Tb» gu-Uft S«da pump oombinstion method (aee Art 7} has thue for beem the most 
euooeaBftiil (32). An eleotrio-driven centrifugal pump, suspended from a string (A tubing, 
ia lowered into the well. A “packer” (seal between tubing and casing) is set at 100 to 
1 000 ft above bottom of casing, and perforations in the tubing above the packer allow oil 
to pass through the pump into the casing. Gas pumped down the tubing issues with the 
oil through the perforations and lifts the oil from packer to surface. Below the packer, 
the action is strictly that of a centrifugal pump; above, it is that of continuous gaa>Uft. 

Much oil has been raised in Okla City field by this method, even after reservoir preesoree 
declined to 100 lb per sq in or lower, and it operates with reservoir press as low as 25 lb, provided 
an exoeasive quantity of sand or gas is not drawn into the pump (33). In a weU with reservoir press 
of 60 lb, completed irith 0 B/g-in O D casing and 3-in tubing, a production of 4 500 bbl per day 
was maintained for some time. Consumption of gas and power for various capac rates in the Okla 
City field is given in Table 7. The combination Reda pump has been successful in Beebe, Hen- 
drioka, Powell, Seminole, and various pools in Kansas, especially where much liquid is handl<^. 


Table 7. CoiiBumptio& of Gas and Power in Combination Gas-lift Reda Pump 


Wdl 

Bbl per 
month 

Input gas 

Electrical oorrent 

Cu ft per 
month 

Cuft 
per bbl 

Coetper 
M cu ft, 
ots 

Cost per 
bbl, ots 

Kw-hr 

per 

month 

Kw-hr 
per bbl 

Coetper 

kw-hr, 

ots 

Cost per 
bbl, ots 

A 

98 390 

139 586 

1 490 

1.35 

2.01 

59 730 

0.61 


1.19 

B 

50 680 

91 967 


0.69 

1.25 

35 520 

0.70 

■131 

1.22 

C 

24 850 

55 956 

2 250 

1.05 

2.36 

22 520 

0.91 


1.41 

D 

15 030 

36 025 

2 330 

1.02 

2.38 

13 830 

0.92 

mSm 

1.61 


Gaa-lift hydraulic-pump combination method has been used in the Okla City field to 
a limited extent, but enougli to indicate its possibilities (34). A Kobe hydraulic pump 
is attached to end of a section of 4 or 5-in tubing, suspended in the well from 3-in tubing, 
which is sealed to the casing by a packer usually placed within 500 ft of lower end of 
casing string. The 3-in tubing (perforated just above the packer) encloses 11 / 4 -in tubing, 
through which “power-oil” is passed to operate the pump, lifting oil from bottom into 
the casing above the packer; whence gas injected between the 3-in and -1 1 / 4 -in tubing 
lifts it to surface. In a 6 5(X)-ft well, with reservoir press of about 50 lb, and 9-in canng, 
this metiiod produced 1 500 bbl or more per day. 

Sucker-rod pump in connection with gas-lift. The pump is suspended from 21/2 or 3-ia tubing, 
and a packer seals off the well between tubing and casing. Perforations in the tubing above the 
packer idlow injected gaa to mix with the oil, thus lifting it to surface. The lowering of preaa 
enables the pump to speed up and handle a greater load. This method, employed a short time in 
the ^minole field, was abandoned because slits were cut in the tubing by sliding of the rods againat 
the tubing. Apparently, gasified oU was less efiSe as a lubricant than dead oU. 

IfMod phiB^r pomp. The plunger is driven by a compressed-gas jnaton pomp, lowered on a 
string of tubing, with packer set between tubing and easing, and the compressed gas passing through 
the pump joins the oil above the packer, thus raising the oil through the casing. 


6. GAS-UFT, INTERMITTENT FLOW 

Tlds type of gas-lift has been employed in several fonns, of which 6 ate desotibed 
bebw (35, 36). 

1. Gas entering the tulnng lifts oil through the easing without chamber, packer, or 
valve at bottom of tulung. 'Uie gas is admitted intermittently, by manually operated 
automatio time-oontroUed valves at surface (Table 8 ). 

2. A tubing string is run into the well, with a chamber at lower end and a valve at 
bottom of chamber. A packer ia set between easing and tubing, close to lower end of 
easing. Gas is admitted to the tubing intennittentiy, thus closing the valve, displaoing 
the oM from tiie chamber into the easing above the packer, and then lifting it to surface. 

is the Clark “bottom-hole intermitter” (Table 6 ) (87). 

8 . is admitted to the annular space betweot tubing and easing, thus forcing the 
ell |hsbsi|^jtlM tubing to surface. No chamber or packer is used (Tal^ 10). * 
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Table 8. Intennittent-flow Gas-lift, 
Without Auxiliary Derlces 


WeU 

B 

Casing 

diam, 

in 

Tubing 

diam, 

in 

Bbl 

per 

day 

Cu ft 
input gw 
per bbl 

A 

4^ 

70D 

2V* 

350 

685 

B 

4)49 

70D 

21/2 

260 

950 

C 

4 125 

70D 

21/2 

783 

5 380 

1) 

4 164 

70D 

21,2 

104 

6 000 

E 

4 158 

70D 

21/2 

70 

9 000 


TaUs 8. Intermittent-flow Oaa-Uft, with 
Packer, and Plowing Through Casing 


Wen 

Depth 

Casing 

diam, 

in 

Tubing 

diam, 

in 

BU 

per 

day 

Cuft 
input gw 
per bbl 

A 

6 550 

7 OD 

21/8 

888 

WEm 

B 

6 485 

65/aOD 

21/2 

786 


C 

6 485 

66/80 D 

21/2 

534 

W3uLm 

D 

6 555 

66/80 D 

21/8 


4 940 

E 

6 580 

66/80 D 

21/8 


9 850 

F 

6 564 

66/80 D 

21/2 

51 

II 250 


Table 10. Intermittent-flow Gas-lift, 
Through Tubing Without Chamber 


Wdl 


Casing 

diam, 

in 

Tubing 

diam, 

in 

Bbl 

per 

day 

Cu ft 
input gas 
per bbl 

A 

4 190 

70D 

21/2, 3,4 

30.5 

2 650 

B 

4 117 

70D 

21/2.3,4 

12.4 

3 644 

C 

4 125 

70D 

21/8. 3,4 

11.1 

4 878 

D 

4 245 

70D 

21/2,3,4 

4.8 

2 500 


Table 11. Intermittent-flow Gas-lift, 
Through Tubing with Chamber 


Wdl 


B 

Inner 

tubing, 

in 

Bbl 

per 

day 

Cu ft 
input gw 
per bbl 

A 

2 820 

2 

1 

12 

3 300 

B 

2 806 

2 

1 

6 

5 000 

C 

2 863 

2 

1 

4V2 

4 500 

D 

3 390 

2 

1 

22 

4 200 

E 

4 349 

4 

21/2 

225 

4 500 

F 

4 308 

4 

21/2 

125 

7 800 

0 

4 344 

3 

11/2 

45 

5 500 


4. Two strings of tubing are run concentrically. A chamber, with valve at its lower 
end, is suspended from the outer string. Smaller tubing extends close to bottcnn of 
chamber. Gas is admitted to the 
annular space between, thus clos¬ 
ing the valve at bottom of chamber, 
driving the oil in the chamber into 
the inner tubing and lifting it to 
surface (Table 11). 

5. Hughes plunger-Uft (Fig 4). 

A tubing string, reamed to smooth 
bore, is run into the well. A 
valved plunger, fitting closely to 
the tubing, drops to the bottom 
through the column of oil, and 
strikes a bumper wMch closes the 
plunger valve. The gas admitted 
to the casing then lifts the plunger 
to surface through the tubing, with 
its accumulated load of oil, and 
drops down for another load (39) 

(Table 12). 

Formula for capacity of Hughes 

plunger-lift is P >• CP", where P . ,, , 

is the press, lb per sq in at bottom of tubing, and B the bbl of oil hfted per day. Values 
of constants C and n are given in accompanying table. 

Various devicM are employed to admit inter¬ 
mittently to the well, the usual ones being controlled 
by a dock mechanism opening and dosing a pilot 
valve, which opens a diaphragm-operat^ main 
valve, i^other type consists of a cylinder, in which 
water is displaced by eompreaeed gw from a com¬ 
partment at one end to another at opposite end. 
thus causing the cylinder to tip down and open the 
pilot valve, which in turn operatee a ifiaphragm- 
valve in the pipe carrying the gw supply. The 
number of tiw per hr is regulated by a vidve placed 
i ImtWMn the two compartments, thus oontrdling the quantity of water or oil pwsing in a given 
I time. 


Constants in Formula for Capacity of 


Plunger-lift 


Ft depth 

Tubing, 
diam, in 

C 

n 

3 900 

21/2 

2.906 

.7408 

6 500 

21/8 

4.292 

.7738 

6 500 

3 

3.381 

.7497 

6 500 

4 

2.085 

.7417 


Table IS. Intermittent-flow Operation of Hughea 
Plunger-Uft 


Wdl 

Depth 

Tubing 
diam, in 

Bbl per 

Cu it 
input gw 
per bbl 

Casing 
press, lb 

A 

1 829 

4 

400 

465 


B 

3 977 

21/2 

168 


128 

C 

3 848 

21/2 

160 

323 

109 

D 

3 939 

21/2 

52 

280 

83 

E 

4 193 

4 

84 

1 560 

32 

F 

5 159 

21/2 

114 

• • ■ • 

71 

G 

6 528 

4 

309 

1 360 

• ■ • 

H 

6 528 

4 

120 

1 962 

147 

I 

6 500 

3 

113 

2 440 

167 

J 

6 540 

21/2 

56 

6 000 

80 

K 

6 231 

21/2 

30 

7 150 

35 

L 

6 736 

3 

140 

2 700 

108 

M 

6 800 

3 

105 

1 140 

68 

N 

7 803 

4 

468 

1 645 

260 

0 

8 200 

4 

250 

3 340 

300 
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Fig 4. Hvi^kM Pluncw'llfi 
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7. CENTRIFUGAL PUMPS 

Sitboi«rg«ii deetrie-^riveii centrifugal pump is uaed in aeveral fields (Fig 6). Zn'oon* 
nMtion 'With gaslift it is termed the gaa-lift Reda combinarion method (Art 5); when 
without gas-lift it is called "straight" Reda pump. The unit consists of a multi-etai^ 
oentafugal pump, with the shaft connected directly to an elec motor through a protector 
section. ^ As the entire assembly is of small outside diam, it can be run to bottom of a 
wdl ha'ving sta ndar d sizes of casing. In operating position tlie assembly is suspended 
by st andar d tubing, imbmerged in the fluid of the well, with a cable extending to surface, 
for supplying electricity to motor. Operation of the motor is controUod by a switchboard 
at surface, having aeveral automatic-control features. In the unit’s usual form, the Reda 
motor IS below the pump, but in one type of assembly the pump intake is at the bottom, 
thus permitting max production from wells of very low fluid level. 

The motor is of the squirrel-cage, induction type, operating at 3 600 rpm, and filled with oil for 
lubrication and ooolinjE. The protector, between motor and pump, contairis a spring-backed piston, 
grease chamber and oil chamber; it equalises internal and external press and exciudea well-fluid from 
^e motor. The pump is a vert assembly of centrifugal impellers and diffiisers, enclosed in a steel 
housing; their number, type and sise being determined by the vol of fluid to be raised and the 
required dincharge bead. The electric cable is oil proof, unaffected by hydrostatic pressure, steel 
armored, and flexible enough to permit easy spooling. 

The Reda pump is installed by lowering the motor-protector-pump assembly into the 
well on the tubing like a working barrel, 
the cable being supported by clamping 
it to the tubing at intervals. Surface 
end of cable being attached to switch¬ 
board, the pump is ready for work. 

Reda units now in operation are of 7.5 
to 97.5 hp. Largest volume bandied is 
14 000 bbl per day; the smallest, IS bbl. 

The “straight" Reda pump has been 
largely used in the Okla City field, han¬ 
dling 400 or 600 to 1 200 bbl per day, 
with an elec consumption of 21/2 to 
6 t /4 kw-hr per bbl lifted, if no water is 
mixed with the oil (40, 41) (Table 13). 


Table 13. Operation of a '‘Straight” Reda 
Centrifugal Pump 


Well 

Bbl 
per mo 

Total 

kw-hr 

Kw-hr 
per bbl 

Coat of elec 
current, eta 

Per 

kw-hr 

Per 
bbl oil 

A 

19 300 

50 791 

2.62 

1.72 . 

4.51 

B 

14 600 

48 900 

3.34 

1.45 

4.84 

C 

7 000 

31 850 

4.55 

1.55 

7.05 

D 

4 620 

28 620 

6.17 

1,75 

10.8 


8. HYDRAULIC POMPS 

Hydraulic ptunger-pumpe are coming into use for lifting oil under certain favorable 
conditions. The moat successful thus far is the Kobe (42),-a triplex pump mounted on a 
filter tank and operated by electric motor or multiple-cylinder gas engine (Fig 6). 


Table 14. Deta on Welle Equipped with Kobe Hydraulic Pump, Oklahoma City 


1 

Well 

Pump 

size 

Diam tubing 

Bbl per day 

Pump, 

speed, 

rpm 

Pump 
vol effio, 
% 

Kw-hr 
per bbl 
fluid 

Power 
coat, ^per 
bbl fluid* 

Inner 

Outer 

Fluid 

Oil 

A 

2 Vs 

11/4 

3 

89 

89 

26 

70 

2.62 

4.45 

B 

21/2 

I V4 

21/8 

161 

161 

40 

82 

1.52 

2.58 

C 

3 

11/4 

3 

94 

94 

351/2 

28 

2.82 

4.80 

D 

3 

11/4 

3 

183 

163 

211/2 

90 

1.36 

2.31 

£ 

3 

11/4 

3 

252 

252 

29 

92 

1.45 

2.47 

P 

3 

11/4 

3 

359 

344 

40 

95 

1.39 

2.36 

G 

4 

2 

4 

475 

475 

241/2 

92 




* Baaed on 1.7^ per kw-hr. 


Table IS. Capacity Rating of the Kobe Hydraulic Pump 


Outride diam, ftt. 

Inride diam, in.. 

Length, in.. 

Strolni length, in. 

Strcdcaa per inin at rated eapae 

Capau; bbl per day. 

Pmilsieement per stroke, bbl.. 


Pump aize 

2 

21/0 

3 

4 

17/8 

26/1# 

27/# 

3 M/m 

.701/2 

1051/s 

130 Vs 

173 

12 

18 

24 

30 

47.7 

40.7 

42.4 

38.1 ' 

100 

200 

400 

800 

0.00146 

0.00342 

0.00656 

0.0146 
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Kob« Hydraulic Pump Layout 
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—Prewnie tublna 
-Frodnctlon tablngr 


-Fover exbaost 

-Fllot operated 
4-way Talve 

ower cylinder 

—Flunyer lubrication 

—Production exhaust 
-Frodnctlon cylinder 


—Flnnger lubrication 
'‘Frodnctlon exhaust 


-Pump rent >■ 
-Frodnctlon Intake 


lie 7. Detaila of Kobe HydrauUe 
Pump (see Rg 6) 


The bottom-hole Kobe production unit ie • 
double-ftcting plunger pump connected directly to 
a fluid engine (Fig 7). The only mechanical con¬ 
nection between the pump and the eurface is a 
string of small-diam tulnng, to conduct the power 
fluid to engine. The surface power unit, suppling 
fluid under the. desired press, consists of a filter- 
separator system (when required) and a corniced 
prime motor and triplex primp. In equipping a 
well for this method, a full string of tubing (the 
“production string”) is installed with a gas-anchor 
and seating device at its lower end. The bottom- 
hole engine and pump form a ringle unit, inserted 
within the production string and run to the bottom 
on a smaller string (the "pressure string”). The 
power fluid, conduct^ down through the pressure 
tubing, is discharged to surface through the annular 
space between the two strings, being mixed with 
the fluid pumped from reservoir. 

In the Oklahoma City field the fluid from the well 
passes through a heater and then to a filter, whence 
enough filtered oil is returned to the well bottom to 
actuate the fluid engine. Usually the quantity of power 
c^l is approx the same as that of the oil produced from 
the welL In this field, when using 3-in tubing with 
1 Vt'in inner tubing, the pump has a max capae of 
300-400 bbl per day (43). With 4-in tubing and a 2-in 
inner tubing, the max capac is 700-800 bbl per day 
(Table 14). 


9. SWABBING AND BAILING 

Swabbing is often used for lifting oil in the inter¬ 
val between cessation of natural flow and completion 
of iwrmanent equipment with some artificial lifting 
method. A dose-fitting rubber swab, enclosed in a 
wire cage on the end of a wire line. Is run down into 
the fluid as far as will provide a safe load for the 
hoisting equipment to raise. The oil passes through 
a check valve into the swab, as it is lowered. The 
valve closes, and the rubber flattens out against 
the casing or tubing walls, making a fairiy tight 
seal when the swab is lifted. Upper end of swab 
has a pin-joint connection with the drilling tools, to 
provide enough weight to carry the swab rapidly 
down the well and then to sink it into the oil. 

This method hu been widely used in the Boryslaw 
field, Poland, for depths to 5 000 ft. There are usually 
two independent hoists, so that no time is loot if one is 
disabled. Some wells have 3 enidnes, two {driven by 
steam, one by elec motor. These installations are rather 
elaborate, as the lifting speed is high. Sand can be lifted 
with the swab, but wear is rapid and the rubber must 
frequently be replaced. The load oil, espedidly when 
mi^ with sand, must not be too great to be lifted 
properly; the eaehig has sometimes had to be pulled from 
the well to remove the swab, when frosen in the pipe by 
the load of sand. 

Bailing is sometimes used to lift oil, when aoeom- 
panied by much sand, as in the Baiooi field, RuoMma. 
The bailer consists of 10 to 40 ft of pipe, of a diam 
permitting free paa«ge through the casing, and 
aUowing gas to pass fredy between casing and btuler. 
At the lower end of baUer there is a darbvalve, 
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tlkroush whioh the oil passes when bailer is lowered, and adiich is seated tightly when 
being hoisted. Bailers range from 4-in dism to sises that will pass throni^ casings as 
large as 14 in. 

In the Baieot hsld,^ many holes were very crooked, partly due to movement of sand in the 
steeply dipping^ formation, and bailers with flexible joints were used. Oil and sand are damped 
from bi^er into mine cws, from which the sand is ladled by hand and trammed away. When 
production at Baiom declined, thus causing less movement of sand, bailers were replaced by pumping 
jacks actuated by central power. 

Bailing is rarely practicable, due to cost of wire ropes, whioh must often be replaced, and also 
to their tendency to wear slits in the casing of a crooked hole. The bailer rope winds on the hoist 
drum, which Is 3 to 6 ft or more in diam. For high speed in deep wells, considerable engine power 
is required. 


10. SUCKER-ROD PUMPS WITH INDIVIDUAL DRIVE 


These have been common since the first discovery of oil in the U S. Probably 75% 
of pumping wells in this country use sucker-rod pumps, and perhaps 60% of the world’s 
oil production is rais^ by this method. There has been little change in the principle, but 
great improvements in design and efiio of equipment. Stresses on the sucker-rods increase 
at some geometrical ratio with the depth (21). However, as in the Oklahoma City field 
where depths of as much as 6 500 ft are reached, sucker-rod pumps often lift 300 bbl per 
day; sometimes 500 bbl (44). 

The sucker-rod pump has a working barrel with hollow plunger, and a standing valve at 
the lower end of a string of tubing. It is actuated by the sucker rod and contains a 
traveling valve like the standing valve. The valves are steel balls on metal seats, inclosed 
in a cage screwed to the seats. The plunger is operated by a rod-line, i/g-l in diam, 
suspended from a walking beam or other device at surface. On up stroke the standing 
valve opens, allowing fluid to follow the rising piston into the barrel. The traveling valve 
is shut, causing all fiuid above the plunger to be raised. On down stroke, the standing 
valve ^uts and the traveling valve opens, allowing oil in the barrel to jiass through the 
pilunger. The pump is actuated by an individual engine, or by a “pumping-jack” driven 
from a central power plant serving several wells. A few weUs have air or steam piston 
heads, or hydraulic lifts. In many cases, a rod-line may be hitched to an individual 
walking beam imit, and connected to another well having a pumping jack. As many as 
3, or 4 wells have thus been operated. 

These pumps are now common. Notwithstanding the heavy press against which they 
work, and the constant tendency for sand to enter the pump, together with the difficulties 
due to frequent presence of corrosive liquids and gases, these pumps operate efficiently at 
the end of a sucker-rod string a mile or more in length (45). iNSERT-rT^MPS are of such 
diam that they can be run inside the tubing, so that the tubing need not be pulled if the 
pump only is to be removed (46). The pump is set on a tight-fitting seat at bottom of the 
tubing. FfcuiD-PACK.BD ptrMPS, without a plunger, have .two concentric cylinders, one 
eliding up and down over another close-fitting cyl. They are effective for large volumes 
of oil and water. Casino pumps are used for lifting large volumes against a moderate 
head. A packer (Art 5) is set on the tubing within the casing near bottom of well, the 
oil being thus lifted into the casing. Above the packer, the sucker-rod string travels 
through the casing without use of tubing. 


Sneker-rods are of best grade steel or wrought iron; diam from Vs cr 1 / 4 -in for wells to say 
1 000 ft deep, to 1 in for wells of 6 500 or 7 500 ft, like those at Okla City, and some even deeper In 
Calif. Rods are in lengths of 30, 25, and 20 ft, with box-and-pin joints, and tapered threads to 
make a tight fit quickly. For very deep wells, 1-in rods are often used to about 2 000 ft; then I/g* 
or 3 / 4 * 4 n to the bottom. Too wide a range of tapering is not good practice. Care must be taken 
to prevent bends or kinks in the rods, and avoid etriking them by a heavy blow, which might cause 
breakage in rode carrying a heavy load (47). Crooked holes are troublesome for eucker-rods. Box- 
and-pin joints become badly worn and subject to frequent breakage. This oan be partly ovwo^e 
by using eUoker-rod protectors, but most operators depend on case-hardened lointa to enect a 
minimum of gidling. 

rod” is the connecting link between the pumping jack, or walking beam, and 
the string of sucker-rods. It passes through a stufiang box in the top of the tubing, to its 
connection with the sueker-rod string. 


Tubiag is usually 2 or 2 1/j in diam, though some wells use tubing of 3 in or mors for large-scale 
pumping^ For unall production in shallow wells the tubing is 11 /j or 2 in; 2 .g in tut^g has,bMn 
depths tfaue far reached. In shallow wile "t*^^**£ 
deptl 4 of 3 000 to ® 000 - ft or m<Hre, the ends of the tubing lengths are upcet to strengthen the 
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thraaded eoapUnc and lesMn danger of breakage, Mpedally when the ctring ia being puQad from 
a hole in whioh aand or debris hae caved around the tubing (48). 

Gm gBchors are attached to lower end of tubing in gaaey weile, to allow gas to diaao* 
date from the oil, so far as possiUe, before it enters the working barrel. The anchor sur¬ 
rounds the barrel, the oil passing through perforations in upper part of the anchor, then 
downward to the pump intake. Gas thus separated passes out of the taaiohoT into the 
casing and then escapes through the casing head. Gas collecting in the working barrel, 
especially in a pump having considerable clearance between the standing and travding 
vdves, tends alternately to expand and compress, thus reducing the p\unp’s capacity. 

Oas anchors should be designed with care; they are commonly more harmful than benelietal, 
due to faulty design or applioation. Mere length beyond 5 or 6 ft has no advantage, unless space 
for a sand trap is required. Constrictions in line of flow through the anchtH- should be avoided, as 
consequent press drop due to frictional resistance tends to bring gas out of solution. The anchor 
must not have protuberances nor a large diam, which might cause difficulty in pulling out of the 
well. In low-fluid-level wells, it is desirable to place the anchor around the working barrel, rather 
thsm below it, to obtain the effic resulting from max submergence. 

f' TttUng-catcherg usually accompany long strings of tubing, to prevent the string from 
dropping to the bottom if accidentally released while being run down, or if the tubing 
parts. Upset tubing is now common for deep wells, to reduce danger of parting, but it 
is best practice to use tubing catchers on all strings in deep pumping w^, as the full 
weight of the column of oil and that of the tubing must be sustained by the string. 

t 

Tubing anchors are sometimes used in deep wells, especially if crooked, when there ie a tendeney 
for tha tubing string to creep up and down with the eucker-rod strokee, or if aand lodges between 
the plunger and working barrel, thus freesing them together. This creeping action wean tha 
tubing ooUan and oaaing walls. Anchon are set about 1 000 to 1 500 ft above lower end of tub¬ 
ing, to prevent the tubing from creeping lower. Though not always effeetiva, many oparaton 
favor them. 

Prime movers for pumping are of many makes and designs, comprising steam, gas, 
gasolene and oil engines, and elec motors (49). Steam engines were formerly common, 
the usual fuel being oil or gas obtained from the property. At present, steam is generally 
limited to cases where the drilling engine is retained only imtil the well is thoroughly 
tested; then if it proves profitable, more effic equipment is substituted. Gas engines aie 
the commonest, the fuel being nearly always available from the well at no cost. They 
comprise siow-motion horiz, 2-rycle engines of 10 to 90 bp; vert 2- or 3-cylinder, 2-cyde 
engines up to 60 hp, working at 300 to 600 rpm; and multiple-cylinder 4-cycle engines to 
80 hp at speeds of 600 to 1 800 rpm (50). Slow speed 2-cyole horiz engines, as the Bes¬ 
semer, Fairbanks-Morse, Frick-Reid, Superior, Titiuville, and Weber, have had wide use. 
Vert 2-cyole enginos at 300 to 600 rpm, which came in during 1936, include the Coopw- 
Bessemer, Clark Bros, Fairbanks-Morse, Superior, Weber, and others. Multiple-cyl 
4-oyole engines have bwn used for several years, the best-known being the Buda, Case, 
CaterpiUar, Climax, Hercules, International, and Waukesha. Oil xnqinbb are seldom 
used except where gas is very scarce (51). Elec hotoss are widely and increasingly used, 
deapite the fact that elec power muat generally be purchased. Facility in starting and 
•topping motor-driven pumps baa much in their favor, and lost time caused by engine 
trouble is minimized. First cost is usually larger than with other types of drive. 

As the engine speed ie never that at which the walking-beam travele, there must be a reduction 
in speed, for whioh the band-wheel is commonly used. Between band-wheel and engine puUey there 
ie a oountw shaft and pulleys. If tha engine serves other weile alao, the counter shaft has a reverwUs 
dutch. At one end of tbo band-wheel shaft is a crank with several hdes, so that the jntman oan 
provide the desired length of stroke to the walking beam. Alao, at one side of the band-wheel, 
there is a grooved pulley over which a manila rope runs to the bull-wheel. (For details see Sec 9.) 
Reduction-gear units were recently introduced in place of the band-wheel (52). Some have a 
grooved pulley and rope for driving the bull-wheel; or the grooved pulley and bull-wheel are replaoed 
by a portable puIUng unit. Reduction units are made by the Continental Supply Co, Foote Co, 
Lufkin Foundry, National Supply Co, Oil Center Supply Co, Oil WeQ Supply Co, and others. Th^ 
are generally us^ with multiple-oyl engine, or eleetrio motor (53). Flat belts have been used, but 
the present tendency toward the V-belt drive, between motors or multiple cylinder enginee and the 
reduction unit, is preferabie. 

Walldag beami are usually of steel (See 9, Art 5). 

Coontw-balasces of various types are used to balance the wmght of sucker-rods and 
oohunn of oil. The ".grasshopper" type ia common; also pieces of cast-iron, bolted to 
the feductibn unit crank, or to Ute oppoaite side of crank arm on band-wheel shaft. 
Proper balancing is important for uniform loading on the engine, and the most effic filling 
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of the working berrd -^th oil (54). Several tj^pee of hangers are used to obtain a vert 
pull on the “polish rod," from which the suoker-rods are suspenitod, the movements of tiie 
beam being varied for same purpose. The Parkersburg long>«troke unit imparts a vert 
motion by tog^es attached to the beam. ^ 

Miscellsaaoiia iwrts. Cuahiona are need to dampen the strain on the polish rods at end of 
stroke; ancker>rod rotators, for turning poUsh>rod and sucker-rods a certain number of degrees at 
each stroke, to cause uniform wear on the rods at boxes, and prevent the plunger from wearing along 
one side; wobbler stuffing-boxes, sometimes used where the poUsh rod enters the tubing, to take up 
irregularities in the motion and thus prevent side movement of the casing bead. Oabbctt bods, 
inserted in the plunger, make contact with the standing valve-cage when the rods, plunger and 
standing valve are pulM, but are not practical where the Oil is grssy or must be pumped at high 
speed, owing to the danger of overtravel which might cause the rods to strike the standing valve- 
cage. Double-ball traveling valves are tised to reduce wear and gas-locking, and to distribute 
better the load pressure. 

Portable servicing units are used when rods or tubing must be pulled, or other work 
done. They comprise hoisting facilities for greater speed than is obtainable with an 
ordinary pumping outfit. But, if frequent pulling jobs are necessary in a deep well, it 
may be better to install a special hoist than to risk loss of considerable production wUle 
awaiting arrival of a portable outfit. 

Coats. In the Okla City field, most wells employ portable units, built in sizes costing 
up to $15 000 or more. A walking-beam outfit, including a self-servicing hoist, costs 
$1 000 for a shallow well, to $15 000 for a 6 500-ft well. For a 6 500-ft well, pumping 
units driven by small, vert, medium-speed gas engines, cost installed about $10 000. 

Cost of a steam-engine, walking-beam pump in the Coalings field, Calif (55) is: engine, 
23-hp complete, $206.09; boiler, 40 hp, ^73; boiler connections $116.15; engine house, 
concrete foundations,' lumber and labor, $66.80; toted $952.04. 

Cost of gas-engine outfit for a pumping well in the Midway-Sunset field is: ei^d^> 
with pipe and fittings, $2 025; circulating tank, 50 bbl, $170; cement $45; labor, including 
foundations, hauling and setting engine, $155; miseell, 5%, $119.75; total $2 514.75. 

Aver cost for equipping 367 wells in Mid-Continent field: gas engine, 35 hp, $1 950; 
foundations and floor, 16 cu ft at $35, $560; connecting and erecting $200; water tank, set¬ 
ting up and grading, $165; gas and water pipe, 800 ft at 35^ per ft, $280; total $3 155. 

Aver cost for equipping 241 wells with elec motor: motor and control $1 355; founda¬ 
tions and floor, 8 cu yd, at $35, $280; transformers, switches, etc, $275; electric lines $120; 
connecting and erecting $100; turbo gear, ratio 5 to 1, $775; flexible couplings $175; khaft, 
pulley and bearings $100; total $3 175. 

Cost of installing a walking-beam pump unit in Okla City field in 6 500-ft well: pumping 
unit $4 400; vert, 2-cyl, 2-cycle gas engine, $1 700; bouse $280; foundations $150; installa¬ 
tion, labor, and hauling $500; pipe $100; fittings $200; belting $95; gas regulator $20; 
pulling winch $90; guards $75; platform $25; stuffing box $10; polish rod $10; polish-rod 
grips $20; pump ^00; gas anchor $10; gas cleaner $10; sucker rods $1 300; water tank $125; 
total $9 410. 

A shlf-servicing pumping outfit, compriring a 75-hp horiz 2-cydie gas engine, with 
clutch, geared pumping unit, steel walking beam, bull-wheel, pump, and rods, installed in 
a 6 500-ft well, costs approx $15 000. 

Capacity of sucker-rod pumps depends on diam of working barrel, length and speed 
of stroke, clearance in working barrel, and other smaller factors (56), Speed of stroke 
can be increased in shallow wells, as there is not enough friction between rods and tubing 
to prevent the sucker-rod string from dropping back rapidly on down stroke. Largo-diam 
pumps can be used in shallow wells, capable of a large production. Speed in shallow wells 
is 10 to 30 strokes per min; length of stroke, 6 to 48 in. Number of strokes in deep wells: 
10 to 25 per min; length of stroke, 36 to 132 in. 

Tubing in shallow wells is usually of smaller diam than in deep wells, as there is lees friction Iocs 
in a short length of pipe. After natural flow oeases, shallow wells usually require a pump of 
email capao. In 2 000-ft wells, a 4-in pump suspended on 6 Vs-in eszing-etring lifted about 2 000 
bbl of fluid per day, but breakages of moving parts were excessive. Capacities of shallow wells 
nnge from almtst zero to 2 000 bbl per day. In deep wells, aa in Okla City field, the oapac variee 
from say 10 bbl per ^y (the lowest limit economical, to pump) to fiOO bbl; aver, between 100 and 
200 bbl per day (67). 

Spues between etending end treveling vshres diould be as small as posrible, to 
iwtniwiiea accumulation of gas between the valves. The valves should be spaced after the 
well pumps up. due to tendency toward excessive overtravel at that, time; if their proper 
poMtion has previously determined, the well should be pumped slowly to prevent 
prwmdjn g down. Gas-XiOCKiKa, which causes low effio (58), is reduced by close spacing; 
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by proper deei^ of pump to.lpve the least posnble spaoe between the standing and 
plunger valves; by miniasishqc ^ constrictions, bends, and smhH mstneters in the stream 
ahead of the traveling valve; by obtaining the max ratio between stroke of pumifi and 
pump clearado^by using oversise valves or multiple valves; and 1^ obtaining the max 
suhoMrgenoe. uvBR-arROKtNa is caused by inertia of the BUcker>rod string and is affected 
by speed and length of stroke, and weight of the rods. Overstroking may be benefid&l. 
if the barrel is long enough to prevent pounding down. It is increased when there is no 
oil in Uie tubing, or by using heavy rods, or by reducing the friction loss with large-diam 
tutnng, or by faster stroking. For a given “polish-rod” displacement, a long, slow stroke 
gives less overstroke than a fast diort stroke. Susmbrobncb of a pump Aould be as 
large as possible; thereby greatly increasing its capac (59). The amount of submergenee 
can often be ascertained by closing in the casing to different back pressilres, and observing 
the production made under these conditions. Dtnamombtbbb are used to determine the 
load on the sucker-rod string throughout the stroke. By observing the chart of a dyna¬ 
mometer test, many pump troubles can be discovered and corrected (60). 

Stx«lb of various alloy are used for rods, pump, ete, depending on the prevailing conditions. 
For ordinary strength and minimum corrosion, msngansse steel generally suffices. When extra 
etrength is required, chrome and nickel eteels are used; for very corroeive conditione, wrought iron, 
ehrome, and galvanised steel. 

11. SUCKER-ROD PUMPS DRIVEN FROM CENTRAL POWER 

PLANT 

In groups of wells, coimected to a central power plant, the pump is operated by an 
engine or elec motor (see Art 10). The engine is usually belt-connected to a band-wbeel, 
carrying one or more eocentrics from which transmission lines, or “pull-,” or “shackle- 
rod,” run to the different wells (61). A counter-shaft, with friction clutch, is usually 
interposed between engine and band-wheel belt. From one to 40 shallow wells can thus 
be operated. The pull-lines are usually l/s to */ 4 -in steel rods, which are preferable to 
wire rope, as they stretch less; discarded sucker-rods are also often used. The puU-lines 




Ilg 8. Oklahoma Pumping Jack. (PormisBion of Nationel Supply Co) 

are best run on roUera or guides. Various types of angle turns, roekep, or swings are used 
for whu^ngin g direction of a line, to avoid objects that can not readily be removed; such 
turns may also afford a better balance for the band-wheel. . 

Pnaipliig jacka above the well operate the suoker-rod string through the pull-rod 
line (6$1). The jacks in common use are the Oklahoma (Fig 8) and the Jones and Ham¬ 
mond 9). Speed of stroke, 10 to 20 per min; length strc^, whieh is 12 to 24 in, 
can be adjusted by (hanging the hook-up of the rod-line in the pumping-jack frame. In 
these two types of jack a vwt pull is rare, benause of the short stroke; tnit is sometimes 
made fay a “mula-head,” wbeare the poliahi-rod is attached, to the jack. Special forme of 
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jMka, mwde by J«maei| Bros, National Supply Co, and othatsMn aobataAlanlly built, and 
cause a vert puU on tlto Boliah rod. ' * 

S^Tan pumpinc head is a special form of sucker-r^ pump, having a aingle>acting 
cylinder, suspended in the derrick by pull-rods, the piston-rod being /ittaoh^ to the 
sucker-rods. The piston, actuated by compree^ air or gas, imparts a straight-lin« 
.r^procating motion to the rods. Intake air or gas lifts the rxjds and fluid, forcing the 
piston upward. Then the valve mechanism reverses and sufficient discharge press is 
mai n t ^e d to support the load during the down-stroke. 

, The unit oomprissa the oompreaeor, hmter, and pump-head. F« installationa havina an indi¬ 
vidual Of eentral compreegor plant, the diacharge from the pump-head is piped back to the eom- 
preeaor intake, giving a iow-eompreeeioa ratio and resultant lov-eompraasion hp (68). Throughout 



Fig 9. Jonea ft Hammond Pumping 8aek (PermiBaion of National Supply Co) 


the entire eyde, the sucker-rod is protected by a cushion of compressed air or gas. The Sullivan 
head, used in III, Midi, Okla, Tex, and elsewheie, gives good service (64). Several in the Okla City 
field have pumped at depth of 6 600 ft for the past 3 years, the eauipment cost, not including the 
compressor, being about 63 000. 

Simple steam-heada are sometimes used, but waste power unless the steam lines are well insu¬ 
lated and freesing at the exhaust prevented in winter. The head may be driven by compressed air. 
if it can be supplied at low cost. Tendency to freSse is lessened, but not entirely eliminated, due 
to raoistttre in the compressor intake air. These heads have been used for years in the Bradfwd, 
Penn, field. 


12. EEPSESSUEING WITH AIR OR GAS 

Advantage of repremuring a depleted oil field with compressed air was discovered by 
Dunn and Smilb in 1911, when compressed air was injected into a well in Ohio. On 
reopening the well after a time, considOTable. oil was raised by the escaping air. This 
experiment was followed by injecting gas into an input well, and allowing it to find its 
way through the sand to a producing well; resulting in increased production. The method 
then spread through Ill (65), Ohio, Penn (66, 67) and W Vg, but was not applied in the 
Mid-C o ntinent and other producing areas until about 1924 (68). It was successful also 
in certain ^Uow fields in Kansas and Okla (69) between 1926 and 1930. and has sinee 
spread to most oil-producing districts of the world. 

Factere —*eT»"g !«*«» reprsasuring. No definite jM-ocedure for all eases has yet bem 
developed. Some operators inject tiie gaa down the dip; others at the upper part of tiie 
stoueture: etui others arrange the input wells in patterns distributed through the area 
to be repressund. Data as to whether a given area has been depleted, or enough oil 
remains to warrant ispressuring. are obtainable Iqr drilling new wdls between the old 
ones, coring the sand, and finding the degree of oil saturation in the areas between writs. 
Porosity of the —wH u important for determining whether the gas will permeate readily 
II—as 
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or not. Uttifom poroaity and sand thickneaa are generally favozalde for refHreasonng, 
^faut presence of much irater is tmfavorable (70). In fields where tepressuring hea given 
good results, there has' been a definite increase in both daily production and ult im ate 
reoovery (Fig 10). 

Old wells tisad as intake weHa^preaent no difficulties in some fields, while in others it is better 
to drill new welk. To use an dd well for intake, the casina should be tight, to prevent ceoepe of 
gas into sands other than these being repressured. As the deeper sands have usually been under 



higher initial press, larger wells are generally found at these greater depths, and the reoovery per* 
oentage by priniary methods is greater than in shallow sands, Henoe, it is reasonable to expect 
leas favorable results from repressuring deep wells than shallow ones. If the recycled gas contains 
much gas(dene, its extraction may go far toward paying for represauring. 

Compregged gir or ggg ig uged for represauring. Compressed gas makce less emul- 
non, if water has encroached, and insures a fuel supply for the engines, uncontaminated 
by air and leas liable to contain explosive mixtures. But, as air dissolves in oil lees readily 
than in gas, it may have a better driving effect. 

Preggureg employed in different fields range from 60 to 500 'b per sq in; perhaps 
200 lb is a fair aver. But in maintenance operations, the press may reach 1 600 lb, as at 
Sugarland, Texas, or 3 000 lb or more, as in the Tepetate field, La (13), though these do 
not present the type of represauring considered here. 

Table 16. Cu Ft of Gas per Bbl of Table 17. Pressures for Repressuring, 

Increued Recovery Lb per Sq In 


Foltimie of gu for repressuring dgpends upon sevend facion, that canjiddoca be 
detsragiRid qualitatively until actual operations have been under way for some timsb 


State 

Range 

Aver 

CaKf. 

160 to 1 SOO 

500 

Kansas. 

70 to 170 

125 

Ohio. 

3S to 300 

ISO 

Oklahoma... 

to to 400 

175 

Panna. 

14* to 475 

.75 

Texas. 

10 to 1300 


Wmt Va.. 

26 to 350 

25 1 


* ludiestee vacuum, in of mateuiy. 


State 

Range per bU 

Aver per bbl 


HMIIMII 


. 



Ksetudey... 

MNMHMNNfl 


Oklahoma.. 

650 to 9 000 

4 500 

Penaa. 

aOOOto 15 000 


Tesaa...... 

450 to 8 670 

4 000 


2 550 to 103000 

8 000 
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If the oil sand w thick, and much gas has been removed during tiie flush stage of produo- 
ti<m, the reservoir must oftm be flooded with a large vol of gas before any resets artf 
obtained. If the sand has. 

low permeability, the vol Table 18. Data on Repreasuring Operations 

requhed may be less, but 
with a hi^er injection 
press (Table 16). 

For pressures to 50 or 
75 lb per sq in, singlMtage 
oompression can be used, if 
intake press is not less than 
atmospheric. For press to 
300 lb, 2-staBe compression 
is usual; above 300 lb, and if 
the plant is to operate several 
years, S-stage compression 
gives lower costs. With 
S-stage at 300 lb, operating 
effio increases about 71/2% 
over that of 2-stage, and effie 
increases with the discharge 
press. 

Coat question for re- 
pressuring is important. 

To handle gas at high 
press, equipment and op¬ 
erating costs are both 
greater, thus increasing 
cost per bbl of oil. Hence, 
pipe lines on surface and 
in the well must be de¬ 
signed to minimize fric¬ 
tion losses. Compressing 
gas for repressuring costs 
1/80 to 100 per 1000 cu ft, 
depending upon size of 
plant, operating press, and 
kind of power for the com¬ 
pressors. To compress 
25 000 000 cu ft of gas per 
day to 300 lb per sq in, 
operating costs are about 
*/20 per 1 000 cu ft, as¬ 
suming that gas engines 
are employed and fuel gas 
is available on the prop¬ 
erty at no cost, as is often 
the case in oil fields. For 
a plant handling 1000 000 
ou ft per day at 300 lb and 
with] fuel gas at no cost, 
operating costs will be 
about 20 per 1 000 cu ft 
(72). If electric power is 
purchased, the f^t cost 
for machinery wiU be con¬ 
siderably less than for in¬ 
ternal-combustion engines, 
and plant upkeep will be 
lead than for gas or oil engines; but cost of electric power will ran^ from 30 to 60 per 
1000 ea ft of gm compressed to 300 lb (Table 18). 


State 

Field 

Bblpw 

di^ 

^rnasuree, 
lb per aq in 

Input gas, 
thooaof eu ft 
per dhy 

Cuftgaa 
per bUof 
ineraased 
produetioD 

Calif. 

Bres CsnyoD... 


590- 830 

2 100 



Bums Viats... 


160- 200 

125-250 



Domingues.... 

• • • t • 

440- 775 

17450 



Elk Hiili. 


360- 500 

135 



Seal Beach.... 


I 400-1 500 

1600 



Shiells Caajroo. 


230 

200 


Kanws. 

Eldorado. 

1 S03 



2667 


F.ldorado. 

S4 

70- 150 

1300' 

28n 


Miacoi Co. 


160- 170 



U. 

Hayneaville.... 

450 



3800 

Ohio. 

Byen. 

9 

35- 120 


18800 


CuTol Co. 


ISO- 300 



Graham. 


275- 300 




Macksburg.... 


45 




Trail Ron. 


46 



Olds. 

Allaire.. 


75- 155 




AUuwe. 


35 

20 



Avant. 


65 




Burbank. 

345 

55- 175 

900 

4600 


Burbank. 


20- 288 

5085 



Cromwell. 

300 

18- 240 

315 

3000 


Delaware Eat . 


225- 250 




Hcaldton. 

147 



6M 


Lenapsh. 

165 

ISO 

1048 

9000 



60 



3900 


Ponca City... 

too 

225 

230 

5500 

Ppnna.. . . 

Binfrhfim . 


18 

800 



Bra^ord . 

50 

475 

617 

15000 



27 



II 900 



80 


. 

3000 



30 



13400 


Harmony. 

9 

25 

25 

3000 



' 20 



6500 



42 



3500 


Poverty Hill.. 

10V2 

25 

80 

11400 



9 



4700 



11.7 



16800 


TietlmitA . 


35 

200 


Tens.... 

EDirme! . 

900 

10- 45 

150 

520 


fffttrhfdt . 


85- 100 

52-70 



Iowa Park . 

65 

175 

350 

7 800 


Oldham . 

475 

45- 60 

90 

450 


Olney . 

85 

199 

975 

11400 


Petrolia . 

400 

85 

1760 

587 


Red Rhrer . 

1600 

85 

1600 

4000 




75- 185 

17 



Turbe^.. .. 

1093 

IS 


700 

West Vs.. 

Belmont . 

100 

15 

700 

11670 


......... 

103 



5180 


Brndoaon . 

120 

30 

450 

7500 


HoUiday Cove.. 


18 

35 



Manniagton... 

25 

• 


2530 


Pnmfy . 

61 

350 

236 

4^ 



23 



103000 

% 

St. Mary's. 

4 

15 

50 

21700 
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pbtooubum production methods 


13. WATER FLOODING OF OIL SANDS 

This is bemg employed for secondary recovery in a few fields of the U S, where profit¬ 
able production, by other methods has almost ceased. So far as known, this method was 
first used at Bradford, Peima, where it has had its greatest success, and where its useful¬ 
ness is supposed to have begun accidentally, due to water breaking into nearly exhausted 
ajeas, thus unexpectedly increaring the output. The method consists in forcmg water 


Baw water 
tank 

Filtered 
tank 


tratcr well 



Big 11. Watw-flood Layout in Pennsylvania (Fermisaion of Ffc* Oil Weeklyi . 


into the oil sand, to drive the oil to a producing well, where it is lifted to surface (Fig 11). 
Flooding was introduced into the Nowata area, Okla, in 1931, by Bert-CoUins and the 
Carter Oil Co, by whom tests were .made near Chelsea. Since 1935 tests risewhere in 
that area have produced good results. j 

jMEadov of flooding oil sands in the Bradford field are: (1) circle-flood; (2) tiite-flo<m; 
(4) S-spot; (5) 7-«pot (73). The circle-flood might be termed a hit-and-miss 
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method, aa it ooi^sts in injecting water into a well selected almost at randtHn. which b 
surrounded by oil-producing wells, without any systematic procedure; but it can be 
developed into one of the other methods by spadng the water wells at regular intervals, 
^tw finding ^t production could be thus increased, a study of tiie factors involved 
indicated that a systematic arrangement would better serve the purpose. The next step 
was the line-fiood, in which water wells were drilled in a line below the oil wells. The 
water, introduced in measured quimtities, moves up Uie dope through the sand, pushing 
the oil into the oil wells, from which it is pumped. When the flood reaches the oil wells, 
another line of water wells is drilled and process continued until the field is depleted. 

Probably the most common method is the S-spot, as it conforms best to property lines. 
When a series of S-spot wells are laid out, they develop into line-floods. As a rule, the 
simds are quite compact, and permeable in only a low degree; hence, the flood advances 
sbwly, sometimes not more than 50 to 100 ft in a year, unless large volumes of water 
under high press are pumped into the wells. 

In adopting water-flo<^ng a careful investigation of the conditions in the oil sands 
mtut be made, to determine the chances of success. Cktnditions tending to success (74) 
are where: (1} the oil sand is a continuous, uniform body; (2) porosity is not less than 7% 
(at Bradford, it is about 11 1 / 2 %); (3) permeability is such that the water will advance 
through the sand uniformly, and ^e oil move ahead of the waterflood and not be impeded 
by too great irregularities in sand conditions; (4) flood can begin at a point low on the 
structure and move up the dip; (5) flood can move from thin to thick sand aectiops, if 
there be such variations; (6) there is little water in the reservoir to be flooded; (7) there 
is no gas stratum depleted of its gas content, and into which the water would enter. In 
such case the gas sand must be packed off before the flood is started; (8) the initial gas-oil 
ratio has not been unusually high, which might indicate that relatively little water would 
be required to fill the spaces once occupied by gas. If much gas is awociated with the oil, 
there is a fair chance ^at the oil has been largely extracted by movement of gas toward 
the producing wells; (9) oils of low viscosity move ahead of the water-flood more freely 
than those of high viscosity, which have greater resistance to displacement; (10) oils not 
forming permanent emulsions act better in water-flooding than others. The cost of 
breaking down permanent emulsions may be serious; (11) an ample water supply is 
necessary for flooding, obtained from a source containing no dirt or salts that would clog 
the sands. Dirty water must be settled, or filtered, and salts removed, especially if they 
precipitate and thus impede the flow. 

Water-intake wells are prepared by drilling and shooting the sand, to reduce movement of water 
from the well into the sand. In the Bradford field, 2-in tubing is usual, packed off and the packer 
cemented in place. The water injected is messur^, and a continuous, permanent record kept of 
the quantity injected through each well. It is usually distributed to the wells by vert triplex 
pumps; sometimes by centrifugals. 

Delayed driUhtg is sometimee more satisfactory than repressuring. The water wells are drilled 
in the pattern deemed advisable, and water is pumped into them until the oil is forced into the 
area of the oil wells <to be drilled. Wells may flow naturally for a time, so that enough recoverable 
oil is extraob^ by flowing to make unneeessary the use of lifting equipment. This method has 
shown a recovery as much as 20% greater than with ordinary water-flooding (75). 

Back-ftregsnriiig has been employed in water-flooding to prevent so high a rate, of 
production as to lower the press to the point requiring lifting equipment. With back- 
pressuiing, oil is extracted more slowly, the output peak being delai^. 

For profitable operation in the Bradford •field, Penas, the minimum quantity of ml that must 
be recovered, besidee cost of leasehedd, is 3 000 to 3 500 bbl per acre. In the Mid-Continent, 8 000 
to 7 000 bU'per acre should be recovered to insure profit, unless the wells are very shtdiow, thus 
(iving low development cost. Natural flow and pumping in the Bradford field are said to have 
recovered about 35% of the contents of the reservoir, and water-drive accounts for an added 
85 to 36%. 

In Co^'s Bluff field, Nowata Co, OUa,' oil wells are spaced at one per 2 V> scree, with watw 
weUs on 5-epot patterns, which means another set weUe on basis of one well to 2 l/i »««< This 
la "»«ff s r^ng es compared with practice in deeper eands, but seems necessary here for satisfact^ 
recovery (75), Delayed drilli^ of 46 to 76 days is being done at Cody’s Bluff in the Bartlesville 
at depth of about 600 ft, and sand thickness of 40 to 50 ft. The water is treated and filtered 
before use (77). 

Coat oi Frepuaties for wator-floodlng in Penna is about $3 (X)0 per acre (78). Prea- 
aoKB for pumping Ihe water reach 1 6<X) lb pw sq in. The water is treated before puxt^ 
ing into the sand. One leaae of 160 aorea, making 40 bbl per day, wag inerMsed to 3 000 
bb( per day by applying flooding 
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PETROLEUM PRODUCTION METHODS 


14. PETROLEUM MINING 

Ordinary mining methods were applied to production of petroleum long before the 
present-day practice of drilling wells. Shafts were sunk or tunnds driven into the oil- 
bearing strata, or along outcrops and surface seepages. The oil was collected in pits, or 
skinUned from underground pools of water. This procedure has been followed for many 
years in Rumania, Russia, Burma, Japan and eisewhcfre. 

In ancient times, oil mining accounted for most of the total production; now, only a very emidl 
percentage is so obtained. Undergro.und mining methods are still employed in the Peohelbron 
field, Alsace (79, 80), at Wietse, Germany (81), and in Canada and Texas. 

Aocording to recent data, the total production at Peehelbron is about S20 000 bbl per year, of 
which 230 000 bU are recovered by mining. In 3 mines of the district there are fi shafts, 485 to 
775 ft deep, with some 90 miles of undergroimd workings. Other data show that about 17% of the 
Peohelbron oil comes from borings from the surface, 43% from drainage of oil into mine drifts, and 
much of the remaining 40% is recoverable when the sands are finally hoisted out and washeiL 
Similar practice is followed at Wietse. 

At Bustenari, Rumania, 3-ft diam shafts have been sunk by hand to oil-bearing sands, at depths 
of 200 to 800 ft. -On reaching sand, small holes are drilled ahead from the shaft to locate bodies 
of dl, gas or water, thus averting danger to the miners from sudden inrushes. 

In the Nacodgoches field, Tex, oil is mined through shafts, 6 by 7 ft section. Good showings 
were ^ound in one abaft at 60 to 70 ft depth. Another shaft has recently been sunk to 225 ft to 
an expected oil sand (82), 

Raoasy process (%), A shaft is sunk to rock, either above or below the oil sand, and cross¬ 
cuts are driven at regular intervals. In boles drilled from the cross-cuts to the sand, pipes are 
inserted to convey the oil to a central point, whence it is pumped to surface. Through other holes 
oomp r es a ed air or gas is injected into the sand, to force the oil into the oil pipes. 


15. TREATMENT OF OIL 

Following is a very brief summary. Oil containing no water or gritty matter can 
usually go direct to the purchasing pipeline company; hence, called “clean pipe-line oil.” 
Sand accompanying the oil, especially if fine, must be removed to the degree where oil is 
acceptable to the pipe-line company. In certain fields of Rumania, the oil contains so 
much sand that it is discharged at the well into mine cars for settling, the sand being con¬ 
veyed by other cars to the dump. Often the oil is run to a series of connecting pits, the 
sand settling out as it flows through them. Thick viscous oil tends to retain sand or rock 
particles, and requires considerable time for settling. In the U S it is settled in large pita; 
or, if very heavy, it must be heated, or diluted, to remove sand. 

Smulaification of the oil usually follows entrance of water into the well. Emulmone 
may form while flowing through the sand; by leakage of water and oil through valves; 
or by flowing through restricted passages, as flow nipples and sharp turns. Emulsions 
due to low water percentages (10% or less) present more serious treatment problems than 
high water percentages; also, low-gravity oUs are usually more difficult to treat than 
high-gravity. 

Emultifled oil is treated by heating, chemical or mechanical means, or electrical 
dehydration (84). Heat is a factor in moat methods. Unless the liquid from the well is 
already at 100° to 150° F (as in some Gulf Coast fields), it is heat^: (a) while flowed 
through a boiler; (b) by mixture with hot water in a tank under thermostatic control; 
or (e) heated in a flow-treater, where separation takes place. To the hot liquid, flowed 
to a "gun-barrd” or treatment tank, a small qtiantdty of treatment compound is added, 
euch as “Breoxit,” “De-Hydro,” "Tret-O-Lite” or “Ves,” causing separation. Clean oil 
overflows to the stock tank and thence goes to pipe-line; wat« is siphoned (at a rate to 
maintain fairly constant tank level) from the bottom of the gun-barrel tank to a settling 
pond, where any oil or basic'sediment contained is caught and pumped back, the clear 
water being disiuu^ed or (if used for heating) returned so far as ne^ed to circulation (86)r. 

Cost of a troatmoat plant in the East Texas field, using a 760-bbl gim-barrel tank, 
24 ft lugh, witk oapao of 40 to 80 bbl per hr, is as follows (87): 750-bbl steel tank gun-barrel 
$1083.65; heating boiler $5(X); centrifugal circulation pump, eleotrio-driven, oapae ^ bbl 
per hr againat 40 ft head, $1^; oonnectiems and fittings $409; labor $219; teaming and 
truokiztg $78.80; gas regulator and thermoetat $76.70; toted $2 505.15. 

A recent devriopment in treating oil is the use of special' “flow trOaters,” through 
which the emulrified oil passes. In these, consUnt heat.is maintained by gas-fired burners 
set l3io treater riiell, and under thermostatic control. Discharge of wgtec. and 
the flqw-treater is controlled by pilot-operated diaphragm valvoi, and flutja-levsBl 
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oonthtl-valves. Exceptionally clean aeparatioa ie thue obtained in the Okla City, Sem* 
inole and other Okla fields. 

Mechanicel treatment. One method conaiats in passing the mnulsified oil through a 
tank filled with excelsior, on its way to the tank battery. At Sulphur Bluff and Talco 
(Texas) both heat and chemical treatments are applied before the ml goes to the exoeluor> 
filled' t a nks (87)._ In some fields, where oil containing much water is discharged under 
press, free watwr hi removed before the oil goes to treatment tanks, by a water “knock-out” 
with a choke at its end. This permite the water to be blown out periodioi^, the knock¬ 
out being operated manual^, or automatically by the water level in the vessel. 

Slectrical de-hydration is sometimes employed, the oil being heated before entering 
the apparatus, as in the LuUng field. Government Wells. Cayuga, and other Texas fidds. 
Cost of an elec de-hydration unit is $1 500 to $3 000 (55). 

Treatment costs rani^ from a fraction of a cent to 20^ per bbl of oil. Heating in open 
tanks or pits costs ISfi to 20)1 per bbl. Cost of electrical treatment, 1 to 3 of 
chemical treatment, from a fraction of a cent to perhaps 5)1 per bbl. 


16. TRANSPORTATION OF OIL 

Petroleum is moved from the oil field to refineries by pipe lines, RR tank cars, auto¬ 
mobile trucks, barges or tank ships. Most oil goes through pipe lines, of which there is 
a network in the different oil-producing states, with connections to trunk lines for inter¬ 
state transport to refineries in the central and eastern states. From individual leases the 
oil is collected by gathering lines, through which it is pumped, or flows by gravity, to a 
field-central pumping station. Thence it goes to the main pumping system, unless the 
field-central station is a unit in that system (88, 89, 90, 91, 92). 

Booster stations are maintained at points along main lines, to avoid necessity for ex¬ 
cessive initial press. In level country these stations are 10 to 30 miles apart, depending 
on diam of the pipe line and quantity of oil handled. 

Reeiproeating or centrifugal pumps are used, the latter being now preferred. Pumps are driven 
by gas or oil engines, or eleo motors, depending on kind and coat of power available. Storage tanke 
at each booster pumping plant take care of temporary accumulation exceeding oapao of the idant, 
or for storing oil during a shut-down for repairs. Heaters are provided at booster stations, when 
the oil is very viscous, as in a few Calif fields. 

Pipe lines range from 4 to 12-in or more in diam, and pressures up to 800 lb per ^ in 
are sometimes used in pumping stations. Temperatures of the oil at pumping stations 
are 120° to 180° F, dropping to from 60° to 120° at end of a pipe-line station, before the 
oil is taken up by the next booster pumps. Pipodine capacities range from 15 000 to 
25 000 bbl per day, when pumping througdt an 8-in line, and operating under normal 
conditions. For further details relative to influence of viscosity in flow through pipes, 
see Sec 38 Art 2. 
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1. Logarithms of Numberg from 1 to 100 


N 

Log 

N 

Log 

N 

Log 

N 

Log 

\mm 

Log 

1 

0.000000 

21 

1.322219 

41 

1.612784 

61 

I.7BS330 

81 

1.908485 

2 


22 

1.342423 

42 

1.623249 

62 

1.792392 

82 

1.913814 

3 

BKTini 

23 

1.361728 

43 

1.633468 

63 

1.799341 

83 

1.919078 

4 

0.602060 

24 

1.380211 

44 

1.643453 

64 

1.806180 

84 

1.924279 

5 

0.698970 

25 

1.3979*0 

45 

1.653213 

65 

1.812913 

85 

1.929419 

6 

0.778151 

26 

1.414973 

46 

1.662758 

66 

1.819544 

86 

1.934498 

7 

0.845098 

27 

1.431364 

47 

1.672098 

67 

1.826075 

87 

1.939519 

0 

0.903090 

28 

1.447158 

48 

1.681241 

68 

1.832509 

88 

1.944483 

9 

0.954243 

29 

1.462398 

49 

1.690196 

69 

1.838849 . 

89 

1.949390 

10 

1.000000 

30 

1.477121 

50 

1.698970 

70 

1.845098 


1.954243 

II 

1.041393 

31 

1.491362 

51 

1.707570 

71 

t. 851258 

91 

1.959041 

12 

1.079181 

32 

1.505150 

52 

1.716003 

72 

1.857332 

92 

1.963788 

11 

1.113943 

33 

1.518514 

53 

1.724276 

73 

1.863323 

93 

1.968483 

14 

1.146128 

34 

1.531479 

54 

1.732394 

74 

1.869232 

94 

1.973128 

15 

1.176091 

35 

1.544068 

55 

1.740363 

75 

1.875061 

95 

1.977724 

16 

1.204120 

36 

1.556303 

56 

1.748188 

76 

1.880814 

96 

1.982271 

17 

1.230449 

37 

1.568202 

57 

1.755875 

77 

1.886491 

97 

1 986772 

18 

1.255273 

38 

1.579784 

58 

1.763428 

78 

: 1.892095 


1.991226 

19 

1.278754 

39 

1.591065 

59 

1.770852 

79 

I.S97627 

99 

1.995635 

20 

1.301030 

40 

1.602060 

60 

I.778ISI 

80 

1.903090 

■ES 

! 2.000000 


VolloRdiig is a* complete table of rix-plaoe logarithms from 100 to 1000. 
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engineers’ tables 


tg Common Loguithms of Numbtra 


N 

0 

1 

1 

8 

4 

8 

8 

7 

8 

• 

1 Diff. 

100 

000000 

000484 

000888 

001801 

001784 

009166 

009898 

008099 

008461 

008881 

432 

J 

004321 

004751 

005181 

005609 

006038 

■7 ' T - tr-T ' 

006894 

007321 

007748 

008174 

1 428 

2 

008600 

009026 

009451 

009876 

010300 

It lirll 

011147 

011570 

011993 

012415 

424 

3 

012837 

013259 

013680 

014100 

014521 

ll llili 

0 i 5360 

015779 

016197 

016616 

420 

4 

017033 

017451 

017868 

018284 

016700 

0 I 9 II 6 

019532 

019947 

020361 

020775 

416 

5 

021189 

021603 

022016 

022428 

022841 

023252 

023664 

024075 

024486 

024896 

412 

6 

025306 

025715 

026125 

026533 

026942 

027350 

027757 

028164 

028571 

028978 

408 

7 

029384 

029789 

030195 

030600 

031004 

031408 

031812 

032216 

032619 

033021 

404 

8 

033424 

033826 

034227 

034628 

035029 

035430 

035830 

036230 

036629 

037028 

400 

9 

037426 

037825 

038223 

038620 

039017 

039414 

039811 

040207 

040602 

040998 

397 

110 

041893 

04XT87 

8 

1 

04887$ 

049969 

048869 

048768 

044148 

044640 

044888 

393 

1 1 

045323 

045714 

046105 

046495 

046885 

047275 

047664 

048053 

048442 

048830 

390 

2 

049218 

049606 

049993 

050380 

050766 

051153 

051538 

051924 

052309 

052694 

366 

3 i 

053078 

053463 

053846 

054230 

054613 

054996 

055378 

053760 

056142 

056524 

383 

4 

056905 

057286 

057666 

058046 

058426 

058805 

059 IBS 

059563 

059942 

060320 

379 

5 

060698! 

061075 

061452 

061629 

06220 b 

062582 

062958 

063333 

063709 

064083 

376 

6 

064458 i 

064832 

065206 

065580 

065953 

066326 

066699 

067071 

067443 

067815 

373 

7 

0681861 

068557 

068928 

069298 

069668 

070038 

070407 

070776 

071145 

071514 

370 

8 

071882 

072250 

072617 

072985 

073352 

073718 

074085 

074451 

074816 

075182 

366 


075547 

075912 

076276 

076640 

077004 

077368 

077731 

078094 

078457 

078819 

363 

IM 

0T91B1 

079843 

1 

g 

080966 

080696 

080987 

081847 

081707 

083067 

088486 

360 

1 

082785 

083144 

083503 

083861 

084219 

064576 

084934 

085291 

085647 

086004 

357 

2 

086360 

086716 

087071 

087426 

0 B 778 I 

088136 

088490 

088845 

089198 

089552 

355 

3 

089905 

090258 

090611 

090963 

09 I 3 IS 

091667 

092018 

092370 

092721 

093071 

352 

4 

-093422 

093772 


094471 

094820 

095169 

095518 

095866 

096215 

096562 

349 

5 

096910 

097257 


097951 

098298 

098644 

098990 

099335 

099681 

100026 

346 

6 

100371 

100715 


101403 

101747 

102091 

102434 

102777 

I 03 II 9 

103462; 

343 

7 

103804 

104146 

1 104487 

104828 

105169 

105510 

I 0 S 85 I 1 

106191 

106531 

106871 

341 

8 

107210 

107549 

1 107888 

108227 

108565 

1089031 

109241 

109579 

109916 

110253 

338 

9 

110590 

110926 

111263 

111599 

II 1934 

M 2270 l 

112605 

112940 

113275 

113609 

335 


Pboportional Parts 


DilT . 

1 

a 

3 

4 

6 

4 

7 

ID 

9 

434 

43.4 

86.8 

130.2 

173.6 

217.0 

260.4 

303.8 

347.2 

390.6 

432 

43.2 

86.4 

129.6 

172.8 

216 0 

259.2 

302.4 

345.6 

388.8] 

430 

43.0 

86.0 

129.0 

172.0 

215.0 

258.0 

301.0 

344.0 

387.0 

428 

42.8 

85.6 

128.4 

171.2 

214.0 

256.8 

299.6 

342.4 

385.2 

426 

42.6 

85.2 

127.8 

170.4 

213.0 

255.6 

298.2 

340.8 

383.4 

424 

42.4 

84.8 

127.2 

169.6 

212.0 

254.4 

296.8 

339.2 

381.6 

422 

42.2 

84.4 

126.6 

168.8 

211.0 

253.2 

295.4 

337.6 

379.8 

420 

42.0 

84.0 

126.0 

168.0 

210.0 

252.0 

294.0 

336.0 

378.0 

418 

41.8 

83.6 

125.4 

167.2 

209.0 

250.8 

292.6 

334.4 

376.2 

416 

41.6 

83.2 

124.8 

166.4 

20 B .0 

249.6 

291.2 

332.8 

374.4 

414 

41.4 

82.8 

124.2 

165.6 

207.0 

248.4 

289.8 

331.2 

372.6 

412 

41.2 

82.4 

123.6 

164.8 

206.0 

247.2 

288.4 

329.6 

370.8 

410 

41.0 

82.0 

123.0 

164.0 

205.0 

246.0 

287.0 

328.0 

369.0 

408 

40.6 

81.6 

122.4 

163.2 

204.0 

244.8 

285.6 

326.4 

367.2 

406 

40.6 

81.2 

121.8 

162.4 

203.0 

243.6 

284.2 

324.8 

365.4 

404 

40.4 

80.8 

121.2 

161.6 

202.0 

242.4 

282.8 

323.2 

363.6 

402 

40.2 

80.4 

120.6 

160.8 

201.0 

241.2 

281.4 

321.6 

361.8 

400 

40.0 

80.0 

120.0 

160.0 

200.0 

240.0 

280.0 

320.0 

360.0 

398 

39.8 

79.6 

119.4 

■ rVS 

199.0 

236.6 

278.6 

318.4 

358.2 

396 

39.6 

79.2 

118.8 


198.0 

237.6 

277.2 

316.8 

356.4 

394 

39.4 

78.8 

118.2 


197.0 

236.4 

275.8 

315.2 

354.6 

392 

39.2 

78.4 

117.6 


196.0 

235.2 

274.4 

313.6 

352,8 

390 

39.0 

78.0 

117.0 

[ Xfl 

195.0 

234.0 

273,0 

312.0 

351.0 

388 

38.8 

77.6 

116.4 

HSB 

194.0 

232.8 

271.6 

310.4 

349.2 

386 

38.6 

77.2 

115.8 

>' V'fl 

193.0 

231.6 

270.2 

308.8 

347.4 

384 

38.4 

76.8 

115.2 

r iM 

192.0 

230.4 

268.8 

307.2 

345.6 

382 

38.2 

76.4 

114.6 


191.0 

229.2 

267.4 

305.6 

343.8 

380 

38.0 

76.0 

114.0 

152.0 

190.0 

228.0 

266.0 

304.0 

342.0 

378 

37.8 

75.6 

113.4 

151.2 

189.0 

226.8 

264.6 

302,4 

340.2 

376 

37.6 

75,2 

112.8 

150 4 

188.0 

225.6 

263.2 

300.8 

338.4 

3 W 

37.4 

74.8 

112.2 

149.6 

187.0 

224.4 

261.8 

299.2 

336.6 

372 

37.2 

74.4 

III .6 

148.8 

186.0 

223.2 

260.4 

297.6 

334.8 

370 

37.0 

74.0 

, 111.0 


185.0 

222,0 

239.0 

296.0 

333.0 

368 

36.8 

73.6 

110,4 

147.2 

184.0 

220.8 

257.6 

294.4 

331.2 

366 

36.6 

73.2 

109.8 

146.4 

183.0 

219,6 

256.2 

292.8 

329.4 

364 

36.4 

72.6 

109.2 

145.6 

182.0 

218.4 

254.8 

291.2 

327.6 

362 

36.2 

72.4 

108.6 

144.8 

181.0 

217.2 

253.4 

289.6 

325.8 

360 

36.0 

72.0 

108.0 

144.0 

180.0 

216.0 

252.0 

7'» R .0 

324,0 
















engineers’ tables 


N 

0 

1 

8 

8 

Si 

llTl 

a 

mm 


wrm 

par. 

UO 

118048 

11487T 

114811 

114044 

iiTT’n 


lUOtt 

118878 


118840 

333 

1 


117603 

117934 

118265 

118595 

118926 

119256 

119586 

I199IS 

120245 

330 

2 


120903 

If 11 ^ 

121560 

121888 


122544 

122871 

123198 

123525 

328 

3 


124178 

uu 2] 

124830 

125156 

125481 

125806 

126131 

126456 

126781 

325 

4 


127429 


128076 

128399 

128722 


129366 

129690 

130012 

323 

5 


130655 

IkiiV rJ 

131298 

131619 

131939 



132900 

133219 

321 

6 


133858 

134177 

134496 

134814 

135133 

135451 

135769 

136086 

136403 

318 

7 

136721 

137037 


137671 

137987 


138618 

138934 

139249 

139564 

316 

8 


140194 


140822 

141136 

Ili£viii 

141763 

142076 

142369 

142702 

314 

9 


143327 

143639 

143951 

144263 


144885 

145196 

145507 

145818 

311 

140 


146488 

148748 

147088 

147867 

147676 

147088 

148804 

148608 

148011 

309 

1 

149219 

149527 

149835 

150142 

150449 

ImTki 

151063 


151676 

151962 

307 

2 

152268 

152594 


153205 

153510 


154120 


154728 

155032 

305 

3 

155336 

155640 

155943 

156246 

156549 

156852 

157154 

157457 

157759 

158061 

303 

4 

158362 

158664 


159266 

159567 

159868 


160469 

160769 

161068 

301 

5 


161667 


162266 

162564 

162863 

163161 


163758 

164055 

299 

6 


164650 

164947 

165244 

165541 

165838 

166134 

166430 

166726 

167022 

297 

7 

167317 

167613 


168203 

168497 

168792 


169380 

169674 

169968 

295 

8 

170262 

170555 

UMU 

171141 

171434 

171726 


172311 

172603 

172895 

293 

9 

173186 

173478 

173769 

174060 

174351 

174641 

174932 

175222 

175512 

175802 

291 

180 

EEmi 

176881 

178670 

178080 

177848 

177686 

177888 

178118 

178401 

178880 

289 

1 

178977 

179264 

179552 

179839 

180126 


180699 


181272 

181558 

287 

2 

181844 

182129 

182415 

182700 

182985 

183270 

183555 

■ "X Sy 

184123 

184407 

285 

3 

184691 

184975 

185259 

185542 

185825 

186108 

186391 

■ jg 

186956 

187239 

283 

4 

187521 

187803 

188084 

188366 

188647 

188928 

189209 

■ * B 

169771 

190051 

281 

5 

190332 

190612 

I90S92 

191171 

191451 

wmm 

192010 

192289 

192567 

192846 

279 

6 

193125 

193403 

193681 

193959 

194237 

194514 

194792 

195069 

195346 

195623 

278 

7 


196176 

196453 

196729 

197005 

197281 

197556 

197832 

198107 

196382 

276 

8 

198657 

198932 

199206 

199481 

199755 

200029 

200303 

200577 

200850 

201124 

274 

9 


201670 

201943 

202216 

202488 

202761 

203033 

203305 

203577 

203848 

272 


PBOPOBTIONAt PaBTS 


Dill. 

1 

8 

3 

6 

5 

6 

7 

0 

• 

358 

35.8 

71.6 

107.4 

143.2 

179.0 

214.8 

250.6 

286.4 

322.2 

356 

.35.6 

71.2 


142.4 

178.0 

213.6 

249.2 

234.8 

320.4 

354 

35.4 

70.8 

106.2 

141.6 

177.0 

212.4 

247.8 

283.2 

318.6 

352 

35.2 



140.8 

176.0 

211.2 

246.4 

281.6 

316.8 

350 

35.0 


'i WS 

140.0 

175.0 

210.0 

245.0 

280.0 

315.0 

346 

34.8 

69.6 

H1VV 

139.2 

174.0 

208.8 

243.6 

278.4 

313.2 

346 

34.6 

69.2 

7 !V^B 

138.4 

173.0 

207.6 

242.2 

276.8 

311.4 

344 

34.4 

68.8 

T jl^B 

137.6 

172.0 

206.4 

240.8 

275.2 

309.6 

342 

34.2 

68.4 

1 

136.8 

171.0 

205.2 

239.4 

273.6 

307.8 

340 

34.0 

68.0 

102.0 

136.0 

170.0 

204.0 

238.0 

272.0 

306.0 

338 

33.8 

67.6 

101.4 

135.2 

169.0 

202.8 

236.6 

270,4 

304.2 

336 

33.6 

67.2 

100.8 

134.4 

168.0 

201.6 

235.2 

268.8 

302.4 

334 

33.4 

66.8 

100.2 

133.6 

167.0 

200.4 

233.8 

267.2 

300.6 

332 

33.2 

66.4 

99.6 

132.8 


199.2 

232.4 

265.6 

298.8 

330 

33.0 


99.0 

132.0 

165.0 

198.0 

231.0 

264.0 

297.0 

328 

32.8 

65.6 

98.4 

131.2 

164.0 

196.8 

229.6 

262.4 

295.2 

326 

32.6 

65.2 

97.8 

130.4 

163.0 

195.6 

228.2 

260.8 

293.4 

324 

32.4 

64.8 

97.2 

129.6 

162.0 

194.4 

226.8 

259.2 

291.6 

322 

32.2 

64.4 

96.6 

128.8 

161.0 

193.2 

225.4 

257.6 

289.8 

320 

32.0 

64.0 

96.0 

128.0 


192.0 

224.0 

256.0 

288.0 

318 

31.8 

63.6 

95.4 

127.2 

159.0 

190.8 

222.6 

254.4 

286.2 

316 

31.6 

63.2 

94.8 

126.4 

158.0 

189.6 

221.2 

252.8 

284.4 

314 

31.4 

62.8 

94.2 

125.6 

157.0 

188.4 

219.8 

251.2 

282.6 

312 

31.2 

62.4 

93.6 

124.8 

156.0 

187.2 

218.4 

249.6 

280.8 

310 

31.0 

62.0 

93.0 

124.0 

155.0 

186.0 

217.0 

248.0 

279.0 


30.8 

61.6 

92.4 

123.2 

154.0 

184.8 

215.6 

246.4 

277J 

306 

30.6 

61.2 

91.8 

122.4 

153.0 

183.6 

214.2 

244.8 

275.4 

304 

30i4 


91.2 

121.6 

152.0 

182.4 

212.8 

243.2 

273.6 

302 

30:2 

60.4 

90.6 

120.8 

151.0 

181.2 

211.4 

241.6 

271.0 


30.0 


90.0 

120.0 


180.0 

210.0 

240.0 

270.0 

298 

29.8 

59.6 

89.4 

119.2 

149.0 

178.8 

208.6 

238.4 

268.2 

296 

29i6 

59.2 

88.8 

118.4 

148.0 

177.6 

207.2 

236.8 

266.4 

294 

29.4 

58.8 

88.2 

117.6 

147.0 

176.4 

205.8 

235.2 

^64. A 

292 

2912 

58.4 

87.6 

116.8 

146.0 

175.2 

204.4 

233.6 

262.8 

290 

29.0 

58.0 

87.0 

116.0 

145.0 

174.0 

203.0 

232.0 

261.0 

288 

28.8 

57.6 

86.4 

115.2 ' 

144.0 

172.8 

201.6 

230.4 

259.2 

286 

28.6 

5712 

85.8 

114.4 

143.0 

1»1.4 

200.2 

228.8 

257.4 

284 

28.4 

56l8 

85.2 

113.6 

142.0 

17(7.4 

198.8 

227.? 

255.6 

282 

28 2 

56l4 

84.6 

112.8 

141.0 

169.2 

197.4 

225.6 

253.8 

280 

28.0 

54.,0 

84.0 

112.0 

140.0 

168.0 

196.0 

224.0 

252.0 











































































































45-04 


ENGINEERS' TABLES 


N 

0 

1 

9 

8 

4 

• 

4 

7 

t 

• 

Difl . 

i«o 

MUM 

904M1 

M48M 

M6M4 

a06M4 

8M47B 

801744 

809018 



271 

1 

206826 

207096 

207365 

207634 

207904 

208173 

208441 

208710 

208979 

209247 

269 

2 

209515 

209783 

210051 

210319 

210586 

210853 

2 III 2 I 

211388 

211654 

211921 

267 

3 

212188 

212454 

212720 

212986 

213252 

213518 

213783 

214049 

214314 

214579 

266 

4 

214844 

215109 

213373 

215638 

215902 

216166 

216430 

216694 

216957 

217221 

264 

5 

217484 

217747 

218010 

218273 

218536 


219060 

219323 

219585 

219846 

262 

6 

220108 

220370 

220631 

220892 

221153 

' 1 i 

221673 

221936 

222196 

222456 

261 

7 

222716 

222976 

223236 

223496 

223755 


224274 

224533 

224792 

ffMTn 

259 

8 

225309 

225568 

225826 

226084 

226342 


226658 

227115 

227372 


258 

9 

227887 

228144 

228400 

228657 

228913 

':l '. iL 

229426 

229682 

229938 

230193 

256 

ITO 

ninn 


UOOM 

Mim 

881470 

2 2 

881979 

M8884 

nooM 

M»6S 

255 

1 

232996 

233250 

233504 

233757 

234011 

f. 9? 

234517 

234770 

235023 

235276 

253 

2 

235528 

235781 

236033 

236285 

236537 

' T if 

237041 

237292 

237544 

237795 

252 

3 

238046 

238297 

238548 

238799 

239049 

' Yl 'Ui 

239550 

239800 

240050 

240300 

250 

4 

240549 

240799 

241048 

241297 

241546 

241795 

242044 

242293 

242541 

242790 

249 

5 

243038 

243286 

243534 

243782 

244030 


244525 

244/72 

245019 

245266 

248 

6 

245513 

245759 

246006 

246252 

246499 


246991 

247237 

247482 

247728 

246 

7 

247973 

248219 

248464 

248709 

248954 

249198 

249443 

249687 

249932 

250176 

245 

8 

250420 

250664 

250908 

2 SM 5 I 

251395 

251636 

25 I 6 BI 

252125 

252368 

252610 

243 

9 

252853 

253096 

253336 

253580 

253822 

254064 

254306 

254548 

254790 

255031 

242 

ISO 

MBS7S 



M8M8 

864U7 

804477 

USE} 

EinTi 



241 

1 

257679 

257918 

258158 

258398 

258637 

258877 

259116 

259355 

259594 

259833 

239 

2 

260071 

260310 

260548 

260787 

261025 

261263 

261501 

261739 

261976 

262214 

238 

3 

262451 

262688 

262925 

263162 

263399 

263636 

263873 

264109 

264346 

264582 

237 

4 

264818 

265054 

265290 

265525 

265761 

265996 

266232 

266467 

266702 

266937 

235 

5 

267172 

267406 

267641 

267875 

268110 

268344 

268578 

268812 

269046 

269279 

234 

6 

269513 

269746 

269960 

270213 

,270446 

270679 

270912 

271144 

271377 

271609 

233 

7 

271842 

272074 

272306 

272538 

272770 

273001 

273233 

273464 

273696 

273927 

232 

8 

274158 

274389 

274620 

274850 

275061 

275311 

275542 

275772 

276002 

276232 

230 

9 

276462 

276692 

276921 

277151 

277380 

277609 

277838 

278067 

278296 

278525 

229 

190 

978704 

97M89 

smii 

879 U 0 

879447 

a 79 N 4 

rsm 


MOOTS 

M0808 

228 

I 

281033 

281261 

281488 

281715 

281942 

282169 

282396 

282622 

262849 

283075 

227 

2 

283301 

283527 

283753 

283979 

284205 

264431 

284656 

284882 

285107 

fTwri 

226 

3 

285557 

285782 

286007 

286232 

286456 

286681 

286905 

287130 

287354 


225 

4 

287802 

288026 

288249 

288473 

288696 

288920 

289143 

289366 

289589 

289812 

223 

3 

290035 

290257 

290480 

290702 

290925 

291147 

291369 

291591 

291813 


222 

6 

292256 

292476 

292699 

292920 

293141 

293363 

293584 

293804 

294025 

294246 

221 

7 

294466 

294687 

294907 

295127 

295347 

295567 

295787 

296007 

296226 

296446 

220 

8 

296665 

296884 

297104 

297323 

297542 

297761 

297979 

296196 

298416 . 

298635 

219 

9 

298853 

299071 

299289 

299507 

299725 

299943 

300161 

300378 

300595 


218 


PiiopoitTiOMAL Parts 


Diff . 

1 

1 

8 

6 

0 

• 

■ T 

8 

• 

278 

27.8 

55.6 

83.4 

111.2 

139.0 

166.8 

194.6 

222.4 

250.2 

276 

27.6 

55.2 

82.8 

110.4 

138.0 

165.6 

193.2 

220.8 

248.4 

274 

27.4 

54.8 

82.2 

109.6 

137.0 

164.4 

191.8 

219.2 

246.6 

272 

27.2 

54.4 

81.6 

108.8 

136.0 

163.2 

190.4 

217.6 

244.8 

iMI 

27.0 

54.0 

81.0 

108.0 

135.0 

162.0 

189.0 

216.0 

243.0 

268 

26.8 

53.6 

80.4 

107.2 

134.0 

160.8 

187.6 

214.4 

241.2 

266 

26.6 

53.2 

79.8 

106.4 

133.0 

159.6 

186.2 

212.8 

239.4 

264 

26.4 

52.8 

79.2 

105.6 

132.0 

158.4 

184.8 

211.2 

237.6 

262 

26.2 

52.4 

78.6 

104.8 

131.0 

157.2 

183.4 


235.8 

260 

26.0 

52.0 

78.0 

104.0 

130.0 

156.0 

182.0 

208.0 

234.0 

258 

25.8 

51.6 

77.4 

103.2 

129.0 

154.8 

180.6 

206.4 

232.2 

256 

25.6 

51.2 

76.8 

102.4 

128.0 

153.6 

179.2 

204.8 

230.4 

254 

25.4 

50.8 

76.2 

101.6 


152.4 

177.8 


228.6 

252 

25.2 

50,4 

75.6 

100.8 

126.0 

151.2 

176.4 


226.8 

mEM 

25.0 

50.0 

75.0 

100.0 


150.0 

175 . 0 - 


225.0 

248 

24.8 

49.6 

74.4 

99.2 

124.0 

148.8 

173.6 

198.4 

223.2 

246 

24.6 

49.2 

73.8 

98.4 


147.6 

172.2 

196.8 

221.4 

244 

24.4 

48.8 

73.2 

97.6 

122.0 

146.4 

170.8 

195.2 

219.6 

242 

24.2 

48.4 

h .6 

96.8 

121.0 

145.2 

169.4 

193.6 

217.8 


24.0 

48.0 

72.0 

96.0 


144.0 

168.0 

192.0 

216.0 

238 

23.8 

47.6 

71.4 

95.2 

119.0 

142.8 

166.6 

190,4 

214.2 

236 

2346 

47.2 

70.8 

94.4 


141.6 

165.2 

188.8 

212.4 

234 

23.4 

46.8 

70.2 

93.6 

117.0 

140.4 

163.8 

187.2 

210.6 

252 

t 23 '.r 

46.4 

69.6 

92.8 


139.2 

162.4 

185.6 


230 


46.0 

69.0 

92.0 

115.0 

138.0 

161.0 

184.0 

207.0 





































































46-05 


ENQINEEBS’ TABLES 


N 

0 

1 ’ 

1 

8 

4 

8 

8 

T 

• 

0 

Dtr . 

aoo 

80US8 

801867 

802664 

8028U 

801898 

801114 

801881 

$9U4T 

801788 

808000 

2)7 

1 

303)96 

3034)2 

^03628 

303844 

304059 

304275 

304491 

304706 


305)36 

216 

2 

305351 

305566 

305781 

305996 

iEmi 

306425 

306639 

306854 


307282 

215 

» 

307496 

307710 

307924 

308137 

308351 

308564 

308778 

308991 

309204 

309417 

2)3 

4 

309630 

309843 

3)0056 

3)0268 

3 ) 048 ) 

3)0693 

3)0906 

31 ) 1)8 

31)330 

3)1542 

2)2 

5 

311754 

311966 

312 i 77 

312389 


3128)2 

3)3023 

313234 

3)3445 

3 I 36 S 6 

2)1 

6 

313867 

314078 

3)4289 

314499 

3)4710 

3)4920 

3 ) 5)30 

3)5340 

31555 ) 

3)5760 

2)0 

7 

315970 

316180 

316390 

316599 


3170)8 

3)7227 

317436 

3)7646 

317854 

209 

8 

318063 

318272 

318481 

3)8689 

t 

319)06 

3)9314 

3)9522 

3)9730 

319938 

208 

9 

320146 

320354 

320562 

320769 


321)84 

321391 

321598 

32)805 

322012 

207 

sto 


mifo 

m688 

881889 

818048 


8U488 

818888 


IMOfT 

206 

1 

324282 

324488 

324694 

324899 

325105 

325310 

325516 

32572 ) 

325926 

326)31 

205 

2 

326336 

326541 

326745 

326950 

327)55 

327359 

327563 

327767 

327972 

328)76 

204 

§ 

328380 

328583 

328787 

328991 

329194 

329398 

32960 ) 

329805 

330008 

3302)1 

203 

4 

338414 

330617 

3308)9 

331022 

33)225 

33)427 

33)630 

331832 

332034 


202 

5 

332438 

332640 

332842 

333044 

333246 

33 M 47 

333649 

333850 

33405 ) 



8 

334454 

334655 

334856 

335057 

335257 

335458 

335658 

335859 

336059 


201 

7 

336460 

336660 

336860 

337060 

337260 

337459 

337659 

337858 

338058 

338257 

200 

8 

338456 

338656 

338855 

339054 

339253 

3394 :* 1 

339650 

339849 

340047 

340246 

199 

9 

340444 

340642 

340841 

341039 

34)237 

341435 

341632 

34)830 

342028 

342225 

■ ' J 

fio 

unm 

unm 

S4U17 

848014 


848409 

unm 


8M999 



1 

344392 

344589 

344785 

34498 ) 

345)78 

345374 

345570 

345766 

345962 

346157 


2 

346353 

346549 

346744 

346939 

347)35 

347330 

347525 

347720 

3479)5 

348)10 


3 

348305 

348500 

348694 

348889 

349083 

349278 

349472 

349666 

349060 

350054 

H ' 1 

4 

350248 

350442 

350636 

350829 

35)023 

35 ) 2)6 

351410 

351603 

35)796 

35)989 


5 

352183 

352375 

352568 

352761 

352954 

353147 

353339 

353532 

353724 

3539)6 


6 

354108 

35430 ) 

354493 

354685 

354876 

355068 

355260 

355452 

355643 

355834 


7 

356026 

356217 

356408 

356599 

356790 

35698 ) 

357172 

357363 

357554 

357744 

HljI 

8 

357935 

358125 

3583)6 

358506 

358696 

358886 

359076 

359266 

359456 

359646 


9 

359835 

360025 

3602)5 

360404 

360593 

360783 

360972 

361 ) 6 ) 

36)350 

361539 

109 

880 

882m 


86I108 

881894 

881401 

881871 






1 

363612 

363800 

363988 

364176 

364363 

364551 

364739 

364926 

365113 

365301 

HfH 

2 

365488 

365675 

365862 

366049 

366236 

366423 

366610 

36 C /96 

366983 

367)69 


3 

367356 

367542 

367729 

367915 

368101 

368287 

368>./3 

360659 

368845 

369030 


4 

369216 

36940 ) 

369587 

369772 

369958 

370143 

370328 

370513 

370698 

370883 


9 

371068 


371437 

37)622 

371806 

37199 ) 

372175 

372360 

372544 

372728 


6 

37 ;» I 2 

E WfTj 

373280 

373464 

373647 

37383 ) 

374015 

374)98 

374382 

374565 


7 

374748 


375115 


37548 ) 

lVlff.fi 

375846 

376029 

3762)2 

376394 

183 

8 

376577 

§■ ^rTTrl 

376942 

iij 

377306 

rr r f ] 

377670 

377852 

378034 

3782)6 

182 

9 

378398 


37876 ) 


379124 


379487 

379668 

379849 

300030 

18 ) 


Fbopostionai. Pabx* 


Dlff . 

2 

f 

• 

4 

8 

8 

T 

• 

« 

228 

22.8 

45.6 

68.4 

91.2 

114.0 

136.8 

1 . 59.6 

182.4 


226 

22.6 

45.2 

67.8 

90.4 

113.0 

135.6 

158.2 


miKM 

224 

22.4 

44.8 

67.2 

89.6 

1 ) 2.0 

134.4 

156.8 

179,2 


222 

22.2 

44.4 

66.6 

88.8 

11).0 

> 33.2 

155.4 

177.6 

199,8 

220 

22.0 

44.0 

66.0 

88.0 

1 ) 0.0 

132.0 

154.0 

176.0 

198.0 

218 

21.8 

43.6 

65.4 

87.2 

109.0 

130.8 

152.6 

174.4 

196.2 

216 

21.6 

43.2 

64.8 

86.4 

108.0 

129.6 

151.2 

172.8 

194.4 

2)4 

21.4 

42.8 

64.2 

85.6 

107.0 

128.4 

149.8 

171.2 

192.6 

2)2 

21.2 

42.4 

63.6 

84.8 

106.0 

127.2 

148.4 

169.6 

190.8 

210 

21.0 

42.0 

63.0 

84.0 

105.0 

126.0 

147.0 

168.0 

189.0 

208 

20.8 

41.6 

62.4 

83.2 

104.0 

124.8 

145.6 

166.4 

187.2 

206 


41.2 

61.8 

82.4 

103.0 

123.6 

144.2 

164.8 

185.4 

204 


40.8 

61.2 

81.6 

102.0 

122.4 

142.8 

163.2 

183.6 

202 


40.4 

60.6 

80.8 

101.0 

121.2 

141 4 

161.6 

BliKB 

200 


40.0 

60.0 


100.0 

120.0 


160.0 

180.0 

198 

19.8 

39.6 

59.4 

79.2 


1 ) 8.8 

138.6 

158.4 

178.2 

196 

19.6 

39.2 

58.8 

78.4 


■ tarn 

137.2 

156.8 

176.4 

194 

19.4 

38.8 

58.2 

77.6 


m 3a 

135.8 

155.2 

174.6 

192 

19.2 

38.4 

57.6 

76.0 


B lam 

134.4 

153.6 

172.8 

190 

19.0 

38.0 

57.0 

76.0 

95.0 


133.0 

152.0 

171.0 


18.8 

37.6 

56.4 

75.2 

94.0 

112.8 

131.6 

150.4 

169.2 

186 

18.6 

37.2 

55.8 

74.4 

93.0 

1 ) 1.6 

130.2 

148.8 


184 

is! 4 

36.8 

55.2 

73.6 

92.0 

110.4 

128.8 

147.2 


182 

> 8.2 

36.4 

54.6 

72.8 

91.0 

109.2 

127.4 

145.6 

■nzB 

m 

18.0 

36.0 

54.0 

72.0 

90.0 

108.0 

126.0 

144.0 





















































































45-06 


ENGINEERS' TABLES 


N 

B 

— 

mm 

B 

poi 

• . 

8 

7 

• 

9 

Diff. 

S4a 


OiOStl 

880878 


mu 

881118 

881196 

881678 

881888 

881889 

. 181 

1 

382017 

382197 

382377 

382557 

382737 

382917 

383097 

•383277 

383456 

383636 

180 

2 

383815 

383995 

384174 

384353 

384533 

384712 

384891 

385070 

385249 

385428 

179 

3 

385608 

385785 

385964 

386142 

386321 

386499 

386677 

386856 

387034 

387212 

178 

4 

387390 

387568 

387746 

387924 

388M)I 


388456 

388634 

388811 

388989 


5 

389166 

389343 

389520 

389698 

389875 


390228 

390405 

390582 

390759 

177 

6 

390935 

391112 

391288 

391464 

391641 

391817 

391993 

392169 

392345 

392521 

176 

7 

392697 

392873 

393048 

393224 

393400 

393575 

393751 

393926 

394101 

394277 


8 

394452 

394627 

394802 

394977 

395152 

395326 

395501 

395676 

395850 

396025 

175 

9 

396199 

396374 

396548 

396722 

396896 

397071 

397245 

397419 

397592 

397766 

174 

180 

807060 

808116 

rnni 

888681 

8888U 

898808 

898981 

889186 

899888 

899501 

173 

1 

399674 

399847 

400020 

400192 

400365 

400538 

400711 

400883 

401056 

401228 


2 

401401 


401745 

401917 

402089 

402261 

402433 

402605 

402777 

402949 

172 

3 

403121 

403292 

403464 

403635 

403807 

403978 

404149 

404320 

404492 

404663 

171 

4 

404034 


405176 

405346 

405517 

405688 

405858 

406029 

406199 

406370 


S 

406540 

406710 

406881 

407051 

407221 

407391 

407561 

407731 

407901 

408070 

170 

6 

408240 

408410 

408579 

408749 

408918 

409087 

409257 

4U9426 

409595 

409764 

169 

7 

409933 

410102 

410271 

410440 

410609 

410777 

410946 

411114 

411283 

411451 


8 

411620 

411788 

411956 

412124 

412293 

412461 

412629 

412796 

412964 

413132 

168 

9 

413300 

413467 

413635 

413803 

413970 

414137 

414305 

414472 

414639 

414806 

167 

180 

nnm 

618160 

610807 

618676 


618808 

616976 

616161 

618808 

616676 


1 

416641 

416807 

416973 

417139 

417306 

417472 

417636 

417804 

417970 

418135 

166 

2 

418301 

418467 

418633 

418798 

418964 

419129 

419295 

419460 

419625 

419791 

165 

3 

419956 

420121 

420286 

420451 

420616 

420781 

420945 

421110 

421275 

421439 


4 

421604 

i ' lAl.l 

421933 

422097 

422261 

422426 

422590 

422754 

422918 

423082 

164 

5 

423246 

w. lIM 

423574 

423737 

423901 

424065 

424226 

424392 

424555 

424718 


6 

424882 


425208 

425371 

425534 

425697 

425860 

426023 

426186 

426349 

mm 

7 

426511 

426674 

426836 

426999 

427161 

427324 

427486 

427648 

427811 

427973 

■SI 

8 

428135 

428297 

428459 

428621 

428783 

428944 

429106 

429268 

429429 

429591 


9 

429752 

429914 

430075 

430236 

430398 

430559 

430720 

430881 

431042 

431203 

161 

170 

4US84 


681688 

681866 


632167 

6SSS98 

638688 

mm 



1 

432969 


433290 

433450 

433610 

433770 

433930 

434090 

434249 

434409 

160 

2 

434569 

T T 

434888 

435048 

435207 

435367 

435526 

435685 

435844 

436004 

159 

3 

436163 

J jWj 

436481 

436640 

436799 

436957 

437116 

437275 

437433 

437592 


4 

437751 


438067 

438226 

438384 

438542 

438701 

438859 

439017 

439175 

158 

5 

439333 

439491 

439648 

439806 

439964 

440122 

440279 

440437 

440594 

440752 


6 

440909 


441224 

44I38I 

441538 

441695 

441652 

442009 

442166 

442323 

157 

7 

442480 

442637 

442793 

442950 

443106 

443263 

443419 

443576 

4Am2 

443889 


8 

444045 


444357 

444513 

444669 

444825 

444981 

445137 

445293 

445449 

156 

9 

445604 


445915 

446071 

446226 

446382 

446537 

446692 

446848 

447003 

155 

iTTm 

647180 

667818 

64T488 

667628 

647778 

667988 

668088 

668868 

mm 

mm 


1 

440706 

448861 

449015 

449170 

449324 

449478 

449633 

449787 

449941 

450095 

154 

2 

450249 

450403 

450557 

450711 

450865 

451018 

451172 

451326 

451479 

451633 


3 

451786 

451940 

452093 

452247 

452400 

452553 

452706 

452859 

453012 

453165 

153 

4 

453318 

453471 

453624 

453777 

453930 

454082 

454235 

454387 

454540 

454692 


5 

454845 

454997 

4SS1S0 

455302 

455454 

455606 

455758 

455910 

456062 

456214 

152 

6 

456366 

456518 

456670 

456821 

456973 

457125 

457276 

457428 

457579 

457731 


7 

457882 


458184 

458336 

458487 

458638 

458789 

458940 

459091 

459242 

1 st 

8 

459392 

459543 

459694 

459845 

459995 

460146 

460296 

460447 

460597 

460748 


9 

460898 

461048 

461198 

461348 

461499 

461649 

461799 

461948 

462098 

462248 

150 


l^OPOBTIONAIi PaBIS 


Dlff. 

1 

8 

8 

6 

6 

8 

7 

8 

• 

182 

18.2 

36.4 

54.6 

72.8 

91.0 

109.2 

127.4 

145.6 

163.8 

180 

18.0 

36.0 

54.0 

72.0 

90.0 

108.0 

126.0 

144.0 

162.0 

178 

17.8 

35.6 

53.4 

71.2 

89.0 

106.8 

124.6 

142.4 

160.2 

176 

17.6 

35.2 

52.8 

70.4 

88.0 

105.6 

123.2 


158.4 

174 

17.4 

34.8 

52.2 

69.6 

87.0 

104.4 

121.8 

139.2 

156.6 

172 

17.2 

34.4 

51.6 

68.8 

86.0 

103.2 


137.6 

154.8 

■5Zil 

17.0 

34.0 

51.0 

68.0 

85.0 

102.0 

119.0 

136.0 

153.0 

168 

16.8 

33.6 

50.4 

67.2 

84.0 

100.8 

117.6 


151.2 

166 

16,6 

33.2 

49.8 

66.4 

83.0 

99.6 

116.2 

132.8 

149.4 

164 

16.4 

32.8 

49.2 

65.6 

82.0 

98.4 

114.8 

131.2 

147.6 

162 

16.2 

32.4 

48.6 

64.8 

81.0 

97.2 

113.4 

129.6 

145.8 

m 

16.0 

32.0 

48.0 

64.0 

80.0 

96.0 

112.0 

128.0 

144.0 

m. 

15.8 

31.6 

47.4 


79.0 

94.8 

110.6 

126.4 

142.2 

jm 



46.8 


78.0 

93.6 

109.2 

124.8 

140.4 
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ENGINEERS* TABLES 


N 

0 

1 

0 

0 

4 

• 

6 

7 

6 

9 

Diff- 

MO 

48SM8 

460848 

460697 

460M7 

460997 

40314i 

466396 

46a4M 

468694 

4M744 


1 

463893 

464042 

464191 

464340 

464490 

4641639 

464786 

464936 

465085 

465234 

149 

2 

465383 

465532 

465660 

465829 

465977 

466126 

466274 

466423 

466571 

466719 


3 

466666 

467016 

467164 

467312 

467460 

467608 

467756 

467904 

468052 

468200 

148 

4 

468347 

466495 

468643 

468790 

468938 

469085 

469233 

469380 

469527 

469675 


5 

469822 

469969 

470116 

470263 

470410 

470557 

470704 

470851 

470998 

471145 

147 

6 

471292 

471438 

471585 

471732 

471878 

472025 

472171 

472318 

472464 

472610 

146 

7 

472756 

472903 

473049 

473195 

473341 

473487 

473633 

473779 

473925 

474071 


8 

474216 

474362 

474508 

474653 

474799 

474944 

475090 

475235 

475361 

475526 


9 

475671 

475816 

475962 

476107 

476252 

476397 

476542 

476687 

476832 

476976 

145 

KT3 

477101 

477066 

477411 

477006 

477700 

4778M 

477969 

478183 

476878 



1 

478566 

478711 

478855 

478999 

479143 

479287 

479431 

479575 

479719 

479863 

144 

2 

480007 

480151 

480294 

480438 

480582 

480725 

480869 

481012 

481156 

481299 


3 

481443 

481586 

481729 

481872 

482016 

482159 

482302 

482445 

482588 

482731 

143 

4 

482874 

483016 

483159 

483302 

463445 

l' Til 

463730 

483872 

484015 

484157 


S 

484300 

484442 

484585 

484727 

484869 


485153 

485295 

485437 

485579 

142 

6 

485721 

485863 

486005 

486147 

486289 


486572 

486714 

486855 

466997 


7 

487138 

487280 

487421 

487563 

487704 

487845 

487986 

488127 

488269 

488410 

141 

8 

488551 

488692 

488833 

488974 

469114 

489255 

489396 

489537 

489677 

489616 


9 

489956 

490099 

490239 

490380 

490520 

490661 

490801 

490941 

491081 

491222 

140 

010 

491860 

491600 

491640 

491780 

491900 

498063 

493301 

493841 

493481 

693631 


I 

492760 

492900 

493040 

493179 

493319 

493458 

493597 

493737 

493876 


139 

2 

494155 

494294 

494433 

494572 

494711 

494850 

494989 

495128 

495267 



3 

495544 

495683 

495822 

495960 

496099 

496238 

496376 

496515 

496653 

496791 


4 

496930 

497068 

497206 

497344 

497483 

497621 

497759 

497897 

498035 

498173 

138 

5 

498311 

493448 

498586 

498724 

498862 

498999 

499137 

499275 

499412 

499550 


6 

499687 

499624 

499962 

500099 

500236 

500374 

500511 

500648 

500785 


137 

7 

501059 

501196 

501333 

501470 

501607 

501744 

501880 

502017 

502154 

502291 


8 

502427 

502564 

502/00 

502337 

502973 

503109 

503246 

503382 

503518 

503655 

136 

9 

503791 

503927 

504063 

504199 

504335 

504471 

504607 

504743 

504878 



■ ’"1 

806150 

608086 

606401 

606667 

006693 

606636 

606964 

606099 

606334 

5063T0 


1 

506505 

506640 

506776 

506911 

507046 

507181 

507316 

ETiy7 

507586 

507721 

135 

2 

507856 

507991 

508126 

508260 

508395 

508530 

508664 

i'j 

508934 

509068 


3 

509203 

509337 

509471 

509606 

509740 

509874 

510009 

Hi*i lU 

510277 

510411 

134 

4 

510545 

510679 

510813 

510947 

511081 

511215 

511349 

511482 

511616 

511750 


5 

511883 

512017 

512151 

512284 

512418 

512551 

512684 

512818 

512951 

513084 

133 

6 

513218 

513351 

513484 

513617 

513750 

513883 

514016 

514149 

514282 

514415 


7 

514548 

514681 


514946 

515079 

515211 

515344 

515476 

515609 

515741 


8 

515874 

516006 


516271 

516403 

516535 

516668 

516800 

.516932 


132 

9 

517196 

517328 


517592 

517724 

5I78SS 

517987 

518119 

516251 

518362 


880 

818614 

618646 

618777 

nnm 

619040 

619171 

819303 

619484 

619669 

619699 

131 

1 

519828 

519959 

520090 

520221 

520353 

520484 

520615 


520876 

521007 


2 

521138 

521269 

521400 

521530 

521661 


521922 


522183 

522314 


3 

522444 

522575 

522705 

522833 

522966 


523226 


523486 

523616 

130 

4 

523746 

523876 

524006 

524136 

524266 

524396 

524526 

524656 

524785 

524915 


5 

525045 

525174 

525304 

525434 

525563 


525822 

525951 

526081 

526210 

129 

6 

526339 

526469 

526598 

526727 

526656 


527114 

527243 

527372 

527501 


7 

527630 


527888 

528016 

528145 

528274 

528402 

528531 

528660 

528788 


8 

528917 


529174 

529302 

529430 


529687 

529815 

529943 

530072 

128 

9 

530200 


530456 

530564 

530712 

ImiTl 

530968 

531096 

531223 

531351 



FEOPOKnOMAL Pabtb 
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ENGZNEEBS’ TABLES 


N 

O 

i 

• 

> 

4 

8 

o 

T 

• 

o 

Difl. 

t4P 

881470 

881807 

8817S6 

ssliot 

881000 

OStllT 

,800848 

000070 

000800 

ooon? 

■i 

1 

592794 

592882 

599009 

599196 

593264 

53339) 

533518 

533645 

533772 

533899 


2 

9)4026 

5)4159 

594280 

594407 

594594 

59466) 

534787 

534914 

535041 

535167 

Bfil 

» 

599294 

59542) 

995547 

595674 

595800 

535927 

536053 

596)80 

596906 

536432 

T71 

4 

594598 

596685 

596811 

596997 

597069 

537189 

5979)5 

53744) 

537567 

537693 


5 

597819 

597945 

5)0071 

598197 

598922 

598448 

538574 

598699 

538825 

53895) 


4 

599076 

599202 

599927 

599452 

599578 

599709 

599829 

539954 

540079 

540204 

12S 

7 

540929 

540455 

540580 

540705 

540890 

540955 

54)080 

541205 

54)330 

54)454 


8 

541579 

541704 

541829 

541959 

542078 

542209 

542927 

542452 

542576 

54270) 


9 

542825 

542950 

543074 

549199 

549929 

543447 

54957) 

543696 

549820 

543944 

124 

110 


066188 

nnm 


044804 

044600 

044010 

844000 

848000 

848108 


1 

545907 

545491 

545555 

545678 

545802 

545925 

546049 

546)72 

546296 

546419 


2 

544549 

546666 

546789 

546919 

547096 

547)59 

547282 

547405 

547529 

547652 

123 

2 

547775 

547898 

548021 

548144 

548267 

548389 

5485)2 

548695 

548758 

548881 


4 

’in'Y 

ml 

549249 

54997) 

549494 

549616 

549799 

549861 

549984 

550106 


5 

riif' 

'Mi 

550479 

550595 

550717 

550840 

550962 

551084 

351206 

55)328 

122 

8 


■ ITT 

551694 

5518)6 

551998 

552060 

552101 

552303 

552425 

552547 


7 



552911 

559099 

559)55 

559276 

553398 

553519 

559640 

553762 

121 

8 

Mtt. 


554IU 

554247 

554968 

554489 

5546)0 

554731 

554852 

554973 


f 

559094 

•gjf 

555996 

555457 

555578 

555699 

555820 

555940 

556061 

556182 


•80 



WwW9W9B 

880884 


880908 

887000 

887140 

887007 

887807 

120 

1 


557627 

557748 

557868 

557908 

558)08 

556228 

558349 

558469 

558589 


2 


558829 

558948 

559068 

559188 

559308 

559428 

559548 

559667 

559787 


9 


560026 

560146 

560265 

560985 

560504 

560624 

560743 

560863 

560982 

119 

4 

561101 

561221 

561940 

56)459 

56)578 

56)698 

561817 

561936 

562055 

562174 


9 

562299 

562412 

562591 

562650 

562769 

562887 

563006 

563125 

563244 

563962 


4 

569481 

56)600 

569718 

569897 

569955 

564074 

564192 

56431) 

564429 

564548 


7 


564784 

564909 

56502) 

565139 

565257 

565376 

565494 

565612 

565730 

118 

8 

ri’n M 

565966 

566084 

566202 

566320 

566437 

566555 

566673 

566791 

566909 


♦ 


567144 

567262 

567979 

567497 

567614 

567732 

567849 

567967 

568084 


Em 

PS 


808680 

808884 

oooori 


000008 

run] 

000140 

800087 

1)7 

t 

969974 

969491 

569608 

569725 

569842 

569959 

570076 

570193 

570309 

570426 


2 

570949 

570660 

570776 

570899 

57)010 

571126 

571243 

571359 

57)476 

571592 


9 

571709 

571825 

571942 

572058 

572)74 

572291 

572407 

572523 

572639 

572755 

116 



572988 

579104 

579220 

573396 

573452 

573568 

573684 

573800 

573915 




574147 

574269 

574979 

574494 

574610 

574726 

574841 

574957 

575072 


4 


575909 

575419 

575594 

575650 

575765 

575880 

575996 

5761)1 

576226 

113 

7 

576941 

576457 

576572 

576687 

576802 

576917 

577032 

577147 

577262 

577377 


8 


577607 

577722 

5778)6 

57795) 

578066 

578181 

578295 

578410 

578525 


9 


578754 

578868 

578989 

579097 

579212 

579326 

579441 

579555 

579669 

114 

•10 

870786 



800110 



000400 


500007 



t 

500929 

581099 

501159 

501267 

58)38) 

58)495 

58)608 

581722 

58)836 

581950 


2 

582069 

582177 

582291 

582404 

582518 

58263) 

582745 

582858 

582972 



9 

589199 

589912 

58)426 

58)599 

589652 

583765 

583879 

583992 

1 jjg 



4 

584991 

584444 

584557 



’'T' 



1 


111 

5 

585461 

589574 

585686 

lioliJ 

tT-tij t| 

’ f * rl' 

5861)7 


586962 

58^475 


4 

586587 


586812 

506925 

tf riiyrl 

• Jj ^ 

587262 

587374 

587486 

587599 


7 

587711 

587829 

587995 

508047 

588160 

' T 

588384 

588496 


588720 

112 

8 

588892 

588944 

509056 

589)67 

589279 

f ■ 

58950) 

589615 

589726 

589898 


9 

589950 


590179 

590284 

tmmi 




Emiii 




PioFOBnoxu. Vijm 


Diff. 

1 

0 

o 

4 

8 

0 

T 

0 

0 

128 

12.8 

25.6 

38.4 

51.2 

64.0 

76.8 

89.6 

102.4 

11^2 


12.6 

25.2 

37.8 

50.4 

63.0 

75.6 

88.2 


1)3.4 

124 

12.4 

24.8 

37.2 

49.4 

42.0 

74.4 

86.8 

99.2 

111.4 

in* 

12.2 

24.4 

36.6 

48.8 

61.0 

73.2 

85.4 

97,4 

109.8 

120 

12.0 

24.0 

36.0 

48.0 

60.0 

72,0 

84.0' 

96,0 

108.0 


. 11.8 

23.6 

35.4 

47.2 

59.0 

70.8 

82.6 

94.4 

106.2 

I# 

^ 11.4 


34,8 

46.4 

58.0 

69,6 

81.2 

92.8 

104.4 

114 

11.4 

K&M 

34.2 

45.4 

57.0 

48.4 

79.8 

91.2 

IMI.4 
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ENGINEEBS’ TABLES 


n 

0 

1 

8 

a 

a 

8 

a 

T 

a 

6 

mn. 

an 

aaioaa 

aaina 

801887 

aouM 

881810 

aoiaai 

oauaa 

861848 

801068 

888066 


1 

592177 

592288 

592399 

5925)0 

59262) 

592732 

592843 

592954 


593175 

Ill 

2 

593286 

593397 

593508 

5936)8 

593729 

593840 

593950 

59406) 

594)71 

594282 


i 

594393 

594503 

594614 

594724 

594834 

594945 

595055 

595165 

595276 



4 

595496 

595606 

595717 

595827 

595937 

596047 

596)57 

596267 

596377 



5 

596597 

596707 

5968)7 

596927 

597037 

597)46 

597256 

597366 

597476 

' 'IT ^ 

no 

6 

597695 

597805 

597914 

598024 

598134 

598243 

598353 

598462 

598572 



7 

598791 

598900 

599009 

599)19 

599228 

599337 

599446 

599556 

599665 

599774 


a 

599883 

599992 

600101 

6002)0 

600319 

600428 

600337 

600646 

600755 

600864 

109 

a 

608973 

601082 

601191 

60)299 

60)408 

601517 

60)625 

60)734 

601843 

60)95) 


am 

008080 

808180 

808877 

808888 

808484 

eoaoos 

608911 





1 

603144 

603253 

603361 

603469 

603577 

603686 

603794 

603902 

6040)0 

604)18 

108 

2 

604226 

604334 

604442 

604550 

604658 

604766 

604874 

604982 

605089 

605)97 


3 

605305 

605413 

605521 

605628 

605736 

605844 

605951 

606059 

606)66 



4 

606381 

606489 

606596 


606811 

606919 

607026 

607)33 

607241 



5 

607455 

607562 

60/669 


607884 

607991 

608098 


608312 

‘Vr iIt 

107 

6 

608526 

606633 

608740 


608954 

60906) 

609)67 

iiii 

60938) 



7 

609594 

609701 

609808 

6099)4 

6)002) 

610)28 

610234 


610447 



a 

610660 

610767 

610873 

6)0979 

6)1086 

6)1192 

6)1298 

It : 

61)51) 

6))6)7 


9 

611723 

611829 

611936 

6)2042 

6)2)48 

6)2254 

6)2360 

6)2466 

6)2572 

6)2678 

106 

4U 

nnm 




8U80T 

818813 

818618 

618818 


613986 


I 

613842 

613947 

6)4053 

614159 

614264 

614370 

614475 

6)458) 

6)4686 

6)4792 


2 

614897 

615003 

6)5108 

615213 

6)53)9 

6)5424 

6)5529 

6)5634 

6)5740 

615645 


3 

615950 

6)6055 

6)6)60 

6)6265 

6)6370 

6)6476 

6)6581 

6)6686 

6)6790 

6)6895 

105 

4 

617000 


617210 

617315 

6)7420 

617525 

617629 

6)7734 

617839 

617943 


5 

618048 


6)8257 

618362 

618466 

6)857) 

618676 

6)8780 

6)8684 

6)8989 


a 

619093 

K1 18 LU 

6)9302 

6)9406 

6)9511 

6)96)5 

619719 

6)9824 

6)9928 



7 

620136 

620240. 

620344 

620448 

620552 

620656 

620760 

620864 

620968 

fWfW 

104 

a 

621176 

621280 

621384 

621488 

62)592 

621695 

62)799 

62)903 

622007 



9 

622214 

622318 

62242) 

622525 

622628 

622732 

622835 

622939 

623042 

623)46 


am 

aiaaao 

ETTT1 

Tsm 

rnni] 

rmm 


mm 

688098 

604096 

TTjjr 


1 

624282 

624385 

624488 

62459) 

624695 

624798 

62490) 

625004 

625)07 


103 

2 

625312 

625415 

6255)8 

625621 

625724 

625827 

625929 

626032 




3 

626340 

626443 

626546 

626648 

626751 

626853 

626956 

627058 

627)6) 



4 

627966 

627468 

62757) 

627673 

627775 

627878 

627980 

628082 

628185 

628287 


5 

628389 

628491 

628593 

628695 

628797 

628900 

629002 

629)04 

629206 

Ii tfVrJ 

K>| 

6 

629410 

629512 

6296)3 

6297)5 

6298)7 

6299)9 

63002) 

630)23 

630224 



7 

630428 

630530 

63063) 

630733 

630835 

630936 

63)038 

631139 

631241 

WlkTO 


a 

631444 

631545 

631647 

631748 

631849 

631951 

632052 

632)53 

632255 


101 

9 

632457 

632559 

632660 

632761 

632862 

632963 

633064 

633)65 

633266 

KwIt] 


aao 

assaaa 


688870 

8SS771 

6aS«78 

8880T8 

684094 

684198 


684196 


I 

634477 

634578 

634679 

634779 

634880 

63498) 

635081 

635182 

635283 

635383 


2 

635484 

635584 

635685 

6357BS 

635886 

635986 

636087 

636187 

636267 

636388 


3 

636488 

636588 

636688 

636789 

636889 

636989 

637089 

637)89 

637290 

637390 


4 

637490 

637590 

637690 

637790 

637890 

637990 

638090 

1 

638290 

638389 


5 

638489 

638589 

638689 

638789 

638888 

638988 

639088 


639287 

639387 


6 

639486 

639586 

639686 

639785 

639885 

639984 

640084 

iliii 

640283 

640382 


7 

“ITnl 

640581 

640680 

640779 

640879 

640978 



641276 

64)375 


a 


641573 

64)672 

64)771 

64)871 

64)970 


642)68 

642267 

642366 


9 


642563 

642662 

64276) 

642860 

642959 

lliLl'ttl 

643)56 

643255 

643354 

99 


FBorosnoNAL Pabtb 


Diff. 

1 

• 

8 

4 

8 

6 

9 

6 

9 

112 

1)0 

11.2 

II.0 

22.4 

22.0 

33.6 

33.0 

44.8 

44.0 

56.0 

55.0 

67.2 

66.0 

78.4 

77.0 

89.6 

88.0 

100.8 

99.0 

108 

106 

104 

102 

im 

10.8 

10.6 

10.4 

10.2 

13.0 

21.6 

21.2 

20.8 

20.4 

20.0 

32.4 

31.8 

31.2 

30.6 

30.0 

43.2 

42.4 

41.6 

40.8 

40.0 

54.0 

53.0 

52.0 

51.0 

50.0 

64.8 

63.6 

62.4 

61.2 

60.0 

75.6 

74.2 

72.8 

71.4 

70.0 

86.4 

84.8 

83.2 

61.6 

80.0 

97.2 

95.4 

91.6 

91.8 

90.8 

98 

9.8 

_ * 

29.4 , 

39.2 

49.0 

58.8 

68.6 

78.4 

88.2 





















































































46-10 


ENGINEEBS’ TABLES 


N 

0 

1 

8 

8 

8 

1 

8 

7 

8 

9 

Diff. 

4M 

1 

848488 

644439 

848881 

644537 

848880 

644636 

If 

848847 

644832 

848948 

644931 

8440M 

645029 

844143 

645127 

044Stt 

645226 

844840 

645324 


2 

643422 

645521 

645619 

645717 

645815 

645913 

646011 

646110 

646208 

646306 


3 

646404 

646502 

646600 

646698 

646796 

646894 

646992 

647089 

647187 

647285 

98 

4 

647383 

647481 

647579 

647676 

647774 

647872 

647969 

648067 

648165 

648262 


5 

648360 

648458 

648555 

648653 

648750 

648848 

648945 

649043 

649140 

649237 


6 

649335 

649432 

649530 

649627 

649724 

649821 

649919 

650016 

650113 

650210 


7 

650308 

650405 

650502 

650599 

650696 

650793 

650890 

650987 

651084 

651181 


8 

651278 

651375 

651472 

651569 

651666 

651762 

651859 

651056 

652053 

652150 

97 

9 

652246 

652343 

652440 

652536 

652633 

652730 

652826 

652923 

653019 

653116 

480 

1 

e88IU 

654177 

SSS809 

654273 

888400 

654369 

888808 

654465 

888898 

654562 

888898 

654658 

888791 

654754 

888888 

654850 

888884 

654946 

884080 

655042 


2 

655138 

655235 

655331 

655427 

655523 

655619 

655715 

655810 

655906 

656002 

96 

3 

656098 

656194 

656290 

656386 

656482 

656577 

656673 

656769 

656864 

656960 

4 

657056 

657152 

657247 

657343 

657438 

657534 

657629 

657725 

657820 

657916 


5 

658011 

658107 

658202 

658298 

658393 

658488 

658584 

658679 

658774 

658870 


6 

658965 

659060 

659155 

659250 

659346 

659441 

659536 

659631 

659726 

659821 


7 

659916 

660011 

660106 

660201 

660296 

660391 

660486 

660581 

660676 

660771 

95 

8 

660865 

660960 

661055 

661150 

661245 

661339 

661434 

661529 

661623 

66f7l8 

9 

661813 

661907 

662002 

662090 

662191 

662286 

662380 

662475 

662569 

662663 


480 

688780 

881808 

888947 


888188 

888880 

888894 

888418 

rmm 

88880T 


I 

663701 

663795 

663889 

663983 

664078 

664172 

664266 

664360 

664454 

664548 


2 

664642 

664736 

664B30 

664924 

665018 

66SM2 

665206 

665299 

663393 

665487 

94 

3 

665581 

665675 

665769 

665862 

665956 

666050 

666143 

666237 

666331 

666424 

4 

666518 

666612 

666705 

666799 

666892 

666986 

667079 

667173 

667266 

667360 


5 

667453 

667546 

667640 

6677ii 

667826 

667920 

668013 

668106 

668199 

668293 


6 

668386 

668479 

668572 

668665 

668759 

668852 

668945 

669038 

669131 

669224 


7 

669317 

669410 

669503 

669596 

669689 

669782 

669875 

669967 

670060 

670153 

93 

8 

670246 

670339 

670431 

670524 

670617 

670710 

670802 

670895 

670988 

671080 


9 

671173 

671265 

671358 

671451 

671543 

671636 

671728 

671821 

671913 

672005 


410 

878088 

8TS180 

878888 

878878 

871487 

878880 

879889 

878744 

873888 

8TS989 


1 

673021 

673113 

673205 

673297 

673390 

673482 

673574 

673666 

673758 

673850 


2 

673942 

674034 

674126 

674218 

674310 

674402 

674494 

674586 

674677 

674769 

92 

3 

674861 

674953 

675045 

675137 

675228 

675320 

675412 

675503 

675595 

675687 


4 

675778 

675870 

675962 

676053 

676145 

676236 

676328 

676419 

676511 

676602 


5 

676694 

676785 

676876 

676968 

677059 

677151 

677242 

677333 

677424 

677516 


4 

677607 

677698 

677789 

677881 

677972 

678063 

678154 

678245 

678336 

678427 


7 

678518 

678609 

678700 

678791 

678882 

678973 

679064 

679155 

679246 

679337 

91 

8 

679428 

679519 

679610 

679700 

679791 

679882 

679973 

680063 

680154 

680245 


9 

680336 

680426 

680517 

680607 

680698 

680789 

680879 

680970 

681060 

'681151 


480 

881841 


881488 

881818 


881898 

881784 

881874 

881984 

888088 


1 

682145 

682235 

682326 

682416 

682506 

682596 

682686 

682777 

682867 

682957 


2 

683047 

683137 

683227 

683317 

683407 

683497 

683587 

683677 

683767 

683857 


3 

683947 

684037 

684127 

684217 

684307 

684396 

684486 

684576 

684666 

684756 


4 

684845 

684935 

685025 

685114 

685204 

685294 

685383 

685473 

685563 

685652 


5 

685742 

685831 

685921 

686010 

686100 

686189 

686279 

686368 

686458 

686547 


6 

686636 

686726 

686815 

686904 

686994 

687083 

687172 

687261 

687351 

687440 


7 

687529 

687618 

687707 

687796 

687886 

687975 

688064 

688153 

688242 

688331 


8 

688420 

688509 

688598 

688687 

688776 

688865 

688953 

689042 

689131 

689220 

89 

9 

689309 

689398 

689486 

689575 

689664 

689753 

689841 

689930 

690019 

690107 


480 

830188 

880888 

890878 

8904MI 

890880 

890889 


uzm 

890908 

890998 


1 

691081 

691170 

691258 

691347 

691435 

691524 

691612 

691700 

691789 

691877 


2- 

691965 

692053 

692142 

692230 

692318 

692406 

692494 

692583 

692671 

692759 


3 

692847 

692935 

693023 

69311’. 

693199 

693287 

693375 

693463 

693551 

693639 

88 

4 

693727 

693815 


693991 

694078 

694166 

694254 

694342 

694430 

694517 


5 

694605 

694693 

'rr T 

694868 

694956 

695044 

695131 

695219 

695307 

695394 


6 

695482 

695569 


695744 

695832 

695919 

696007 

696094 

696182 

696269 


7 

696356 

696444 

W If 

696618 

696706 

696793 

696880 

696968 

697055 

697142 

87 

8 

697229 

697317 

Tf' It 

697491 

697578 

697665 

697752 

697839 

697926 

698014 

9 

698100 

698188 

■vj 'it 

698362 

698449 

698535 

698622 

698709 

698796 

698883 



PnopoBTioMAX. Parts 


Diff. 

t 

1 

8 

4 

8 

8 

T 

• 

• 

98 

9.8 

19.6 

29.4 

39.2 

49.0 

58.8 

68.6 

78.4 

88.2 

96 

9.6 

. 19.2 

28.8 

38.4 

48.0 

57.6 

67.2 

76.8 

86.4 

94 

9.4 

18.8 

28.2 

37.6 

47.0 

56.4 

65 8 

15.? 

84,6 

92 

9.2 

18.4 

27.6 

36.8 

46 0 

55.2 

64.4 

h.S 

82.8 

90 

9.0 

18.0 

27.0 

36.0 

45.0 

54.0 

63.0 

72.0 

81.0 


8.8 

17.6 

26.4 

35.2 

44.0 

52.8 

61.6 

70.4 

79.2 

































ENGINEERS' TABLES 


45-11 


N 

0 

1 

8 

1 

4 

6 

6 

7 

6 

6 

niff. 

BOO 

606070 

666067 

666144 

669181 

666317 

666404 

666461 

666676 

669664 

666781 


1 

699638 

699924 

7000)) 

700098 

700)84 

700271 

700358 

700444 

70053) 

7006)7 


2 

700704 

700790 

700877 

700963 

70)050 

70))36 

701222 

701309 

701395 

70)482 


3 

701568 

701654 

70)74) 

70)827 

70)9)3 

701999 

702086 

702172 

702258 

702344 


4 

702431 

702517 

702603 

702689 

702775 

702861 

702947 

703033 

703)19 

703205 


S 

703291 

703377 

703463 

703549 

703635 

70372) 

703807 

703893 

703979 

704063 

86 

6 

704151 

704236 

704322 

704408 

704494 

704579 

704665 

70475) 

704837 

704922 


7 

705008 

705094 

705)79 

705265 

705350 

705436 

705522 

705607 

705693 

705778 


8 

705864 

705949 

706035 

706)20 

706206 

706291 

706376 

706462 

706547 

706632 


9 

706718 

706803 

706888 

706974 

707059 

707)44 

707229 

707315 

707400 

707485 


aio 

707870 

707668 

707740 

T0T816 

707611 

70T666 


706166 

706181 

708336 


1 

708421 

708506 

70859) 

708676 

70876) 

708846 

708931 

709015 

709100 

709185 

8S 

2 

709270 

709355 

709440 

709524 

709609 

709694 

709779 

709863 

709948 

710033 


3 

7I0II7 

710202 

7)0287 

7)037) 

7)0456 

710540 

710625 

710710 

7)0794 

710879 


4 

710963 

711048 

7)))32 

7))2)7 

7))30) 

711385 


7il554 

711639 

71)723 


5 

71)807 

711892 

7))976 

7)2060 

7)2)44 

712229 


7)2397 

7)248) 

712566 


6 

7I2650 

7)2734 

7)28)8 

7)2902 

7)2986 

713070 


7)3238 

713323 

713407 


7 

713491 

7)3575 

7)3659 

7)3742 

7)3826 

713910 

713994 

714078 

714)62 

714246 

84 

8 

714330 

7)4414 

7)4497 

7)458) 

7)4665 

714749 

714833 

714916 

715000 

715084 


9 

715167 

7)5251 

7)5335 

7)54)8 

715502 

715586 

7)5669 

715753 

715836 

7)5920 


610 

716008 

716087 

716170 

716164 

716337 

716411 

716604 

716686 

716671 

716764 


1 

716838 

7)692) 

7)7004 

7)7088 

7)717) 

717254 

717338 

7)7421 

717504 

717587 


2 

717671 

717754 

7)7837 

717920 

7)8003 

7)8086 

718169 

7)8253 

718336 

7184)9 

83 

3 

718502 

7)8585 

7)8668 

7)875) 

7)8634 

7189)7 

719000 

7)9083 

719165 

7)9248 


4 

719331 

7194)4 

7)9497 

7)9580 

7)9663 

7)9745 

719828 

71991) 

719994 

720077 


5 

720159 

720242 

720325 

720407 

720490 

720573 

720655 

720738 

720821 

720903 


6 

720986 

72)068 

72))5) 

72)233 

72)3)6 

72)398 

72)481 

721563 

72)646 

721728 


7 

7218)1 

72)893 

721975 

722058 

722)40 

722222 

722305 

722387 

722469 

722552 


8 

722634 

722716 

722798 

72288) 

722963 

723045 

723127 

723209 

723291 

723374 


9 

723456 

723538 

723620 

723702 

723784 

723866 

723948 

724030 

724112 

724194 

82 

810 

714176 

714388 

714440 

714611 

724604 

71468S 

714767 

714846 

7849S1 

736013 


1 

725095 

725)76 

725258 

725340 

725422 

725503 

725585 

725667 

725748 

725830 


2 

725912 

725993 

726075 

726156 

726238 

726320 

726401 

726483 

726564 

726646 


3 

726727 

726809 

726890 

726972 

727053 

727134 

727216 

727297 

727379 

727460 


4 

727541 

727623 

727704 

727785 

727866 

727948 

728029 

728110 

7281')) 

728273 


5 

728354 

728435 

728516 

728597 

728678 

728759 

723341 

728922 

729003 

729084 


6 

729165 

729246 

729327 

729408 

729489 

729570 

729651 

729732 

729813 

729893 

81 

7 

729974 

730055 

730)36 

7302)7 

730298 

730378 

730459 

730540 

730621 

730702 


8 

730782 

730863 

730944 

73)024 

731)05 

73118.6 

73)266 

731347 

73)428 

731508 


9 

731589 

73)669 

73)750 

73)830 

73)9)) 

731991 

732072 

732152 

732233 

732313 


Ftm 

781394 

731474 

7815B8 

731636 

731715 

731766 

731876 

731966 

7SS037 

733117 


1 

733197 

733278 

733358 

733438 

7335)8 

733598 

733679 

733759 

733839 

733919 


2 

733999 

734079 

734)60 

734240 

734320 

734400 

734480 

734560 

734640 

734720 


3 

7348C0 

734330 

734960 

735040 

735)20 

735200 

735279 

735359 

735439 

735519 


4 

735599 

735679 

735759 

735838 

7359)8 

735998 

736078 

736)57 

736237 

736317 


5 

736397 

736476 

736556 

736635 

736715 

736795 

736874 

736954 

737034 

737113 


6 


737272 

737352 

73743) 

737511 

737590 

737670 

737749 

737829 

737908 


7 

737987 

738067 

738)46 

738225 

738305 

738384 

738463 

738543 

738622 

738701 


8 


738860 

738939 

7390)8 

739097 

739177 

739256 

739335 

739414 

739493 


9 

739572 

73965) 

73973) 

7398)0 

739889 

739968 


740)26 

740205 

740284 

79 

680 

740868 

740448 

740B11 

740600 

74067S 

740737 

740836 

740918 

740994 

741073 


1 

741152 

74)230 

74)309 

74)388 

74)467 

741546 

741624 


11 

741860 


2 

741939 

7420)8 

742096 

742)75 

742254 

742332 

742411 



742647 


3 

742725 

742804 

742882 

742961 

743039 

743118 

743)96 

743275 

ihiiisi 

74343) 


4 

743510 

743508 

743667 

743745 

743823 

743902 



744136 

7442)5 


5 

744293 

74437) 

744449 

744528 

744606 

744684 

744762 

IZiLuJ 

7449)9 

744997 


6 

745075 

745)53 

74523) 

745309 

745387 

745465 

745543 

745621 

745699 

745777 

76 

7 

745855 

745933 

7460)) 

746089 

746)67 

746245 

746323 


746479 

746556 


8 

746634 

7467)2 

746790 

746868 

746945 

747023 

74710) 

747)79 

747256 

747334 


9 

747412 

747489 

747567 

747645 

747722 

747800 

747878 

747955 

748033 

748110 



Propoiit’onal Parts 


Disr. 

1 

a 

3 

4 

86 

8.6 

17.2 

25.8 

34.4 

84 

8.4 

46.8 

25.2 

33.6 

82 

8.2 

16.4 

24.6 

32.8 

80 

'8.0 

16.0 

24.0 

32.0 

78 

7.8 

IS.6 

23.4 

_31.2 


11—87 


C 

6 

7 

1 a 

» 

43.0 

51.6 

60 2 

63.8 

77,4 

42.0 

so 4 

58.8 

67.2 

75.6 

41.0 

49.2 

57.4 

65.6 

73.8 

40.0 

48.0 

56.0 

64.0 

72.0 

39.0 

46.8 

34.6 

62.4 

70.2 
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ENGINESHB' TABLES 


N 

0 

1 

8 

8 

4 

. 8 

8 


8 

8 

Diff 

Md 

rooiM 

748888 

74S8a 

748481 

748488 

748BT8 



748808 

T48888 


1 

748963 

749040 

749118 

749195 

749272 

749350 

749427 


749582 

749659 


2 

749736 

749814 

749891 

749968 

750045 

750123 


I'Xfi/Vi'J 

750354 

750431 


3 

750508 

750586 

750663 

750740 

750817 

750894 


751048 

751125 

751202 


4 

751279 

751356 

751433 

751510 

751587 

751664 

751741 

751818 

751895 

751972 

77 

5 

752048 

752125 

752202 

752279 

752356 

752433 


752586 

752663 

752740 


6 

752816 

752893 

752970 

753047 

753123 

753200 


753353 

753530 

753506 


7 

753583 

753660 

753736 

753813 

753889 

753966 

754042 

754119 

754195 

754272 


8 

754348 

754425 

754501 

754578 

754654 

754730 

7»807 


754960 

755036 


9 

755192 

755189 

755265 

755341 

755417 

755494 

755570 


755722 

755799 


8T0 

788878 

inn!] 


788108 

788180 

7S6U6 


7884M 

788484 



1 

756636 

756712 

756788 

756864 

756940 

757016 

757092 

757168 

757244 

757320 

76 

2 

757396 

757472 

757548 

757624 

757700 

757775 

757851 

757927 

758003 

758079 


3 

758155 

758230 

758306 

756382 

758458 

758533 

758609 

758685 

758761 

758836 


4 

758912 

758988 

759063 

759139 

759214 

759290 

759366 

759441 

759517 

759592 


5 

759668 

759743 

759819 

759694 

759970 

760045 

760121 

760196 

760272 

760347 


6 

760422 

760498 

760573 

760649 

760724 

760799 

760875 

760950 

761025 

761101 


7 

761176 

761251 

761326 

761402 

761477 

761552 

761627 

761702 

761778 

761853 


8 

761928 

762003 

762078 

762153 

762228 

762303 

762378 

762453 

762529 

762604 

75 

9 

762679 

762754 

762829 

762904 

762978 

763053 

763128 

763203 

763278 

763353 


MO 

78MM 

788808 

T88S78 

788888 

788787 

788801 

7888TT 

T8SM8 

784087 

784101 


1 

764176 


764326 

764400 

764475 

764550 

764624 

764699 

764774 

764848 


2 

764923 


765072 

765147 

765221 

765296 

765370 

765445 

765520 

765594 


3 

765669 


765818 

765892 

765966 

766041 

766115 

766190 

766264 

766338 


4 

766413 

766487 

766562 

766636 

766710 

766785 

766859 

766933 

767007 

767082 


S 

767156 

767230 

767304 

767379 

767453 

767527 

767601 

767675 

767749 

767823 


6 

767898 

767972 

768046 

768120 

768194 

768268 

768342 

768416 

768490 

768564 

74 

7 

768638 

768712 

768786 

768860 

768934 

769008 

769082 

769156 

769230 

769303 


8 

769377 

769451 

769525 

769599 

769673 

769746 

769820 

769894 

769968 

770042 


9 

770915 

770189 

770263 

770336 

770410 

770484 

770557 

770631 

770705 

770778 


HO 

770808 

770088 


771078 

771148 

771880 

niMS 

7T1S87 

771440 

T71814 


1 

779587 

771661 

771734 

771608 

771881 

771955 

772028 

772102 

772175 

772248 


2 

772322 

772395 

772468 

772542 

772615 

772688 

772762 

772835 

772908 

772981 


3 

773055 

773128 

773201 

773274 

773348 

773421 

773494 

773567 

773640 

773713 


4 

773786 

773860 

773933 

774006 

774079 

774152 

774225 

774298 

774371 

774444 

73 

5 

774597 

774590 

774663 

774736 

774809 

774882 

774955 

775028 

775100 

775173 


6 

775246 

775319 

775392 

775465 

775538 

775610 

775683 

775756 

775829 

775902 


7 

775974 

776047 

776120 

776193 

776265 

776338 

776411 

776483 

776556 

776629 


8 

776709 

776774 

776846 

776919 

776992 

777064 

777137 

777209 

777282 

,777354 


9 

777427 

777499 

777572 

777644 

777717 

777789 

777862 

777934 

778006 

778079 


000 

778181 

778Ui 

n88M 

778888 

778U1 

778813 


778888 

778780 

7T8808 


1 

'T ''41 

778947 

779019 

779091 

779163 

779236 

779308 

Eii;,!-!] 

779452 

779524 


2 


779669 

779741 

779813 

779885 

779957 

780029 

fc;! 11 

780173 

780245 


3 

i 1 ilil 

780389 

780461 

780533 

780605 

780677 

780749 

b £1 

780893 

780965 

72 

4 

. TWj 

781109 

781181 

781253 

781324 

781396 

781468 

781540 

781612 



5 

781755 

781827 

781899 

781971 

782042 

782114 

782186 

782258 

782329 



6 

782473 

782544 

782616 

782688 

782759 

782831 

782902 

782974 

783046 



7 

783189 

783260 

783332 

783403 

783475 

783546 

783618 

783689 

783761 

783832 


8 

783904 

783975 

784046 

784118 

784189 

784261 

784332 

784403 

784475 

784546 


9 

784617 

784689 

784760 

784831 

784902 

784974 

785045 

785116 

785187 

785259 


810 

788880 

788401 

788478 

788848 

78M1S 


788787 

7888U 

78S8M 

V89S70 


1 

786049 

786112 

786183 

786254 

786325 

786396 

786467 

786538 

786609 

786680 

71 

2 

786759 

786822 

786893 

786964 

787035 

787106 

787177 

787248 

787319 

767390 


3 

787460 

787531 


787673 

787744 

787815 

787885 

787956 

788027 

788098 


4 

788168 

788239 

788310 

786381 

788451 

788522 

788593 

788663 

788734 

788804 


5 

788875 

788946 

fMn 

769087 


789228 

789299 

789369 

789440 

789510 


6 

789581 

789651 


789792 

Lilly 

789933 

790004 

790074 

790144 

790215 


7 


790356 

790426 

790496 

790567 

790637 

790707 

790778 

790848 

790918 


8 

n '.' ■i-fj 

791059 

791129 

791199 

791269 

791340 

791410 

791480 

791550 

791620 


9 , 


791761 

791831 

791901 

791971 

792041 

792111 

792181 

792252 

792322 



PBOPaXTlONAL PaBTS 


DM, 

1 

a 

S 

4 

8 

8 

T 

8 

9 

78 

7.8 

15.6 

23.4 

31.2 

39.0 

46. S 

54 6 

62.4 

70.2 

76 

7.6 

15.2 

22.8 

30.4 

38.0 

45.6 

53.2 


68.4 

74 

7.4' 

14.8 

22.2 

29.6 

37.0 

44.4 

51.8 

59.2 

66.6 

72 

7.2 

14.4 

21.6 

28.8 

. 36.0 

43.2 

50.4 

57.6 

64.8 

70 

. JL P- 

14.0 

21.0 

28.0 

35.0 

42.0 

49.0 

56.0 

63.0 





















































































46-13 


engineers’ tabuss 


N 

0 

1 

9 

a 

4 

LlJ 

• 

T 

• 

wrm 

Diff. 

•M 

mtos 

799489 

7918SS 

Tmoa 

min 


TOMU 

Ttaaaa 

mast 

moat 

70 

1 

793092 

793162 

793231 

793301 

793371 

793441 

7935)1 

793581 


793721 


2 

793790 

793860 

793930 

794000 

794070 

794139 

794209 

794279 

rl’ Ttf 1 

794418 


3 

794488 

794558 

794627 

794697 

794767 

794836 

794906 

794976 

rl'. ‘I'lH 

795)15 


4 

79SI85 

795254 

795324 

795393 

795463 

795532 

795602 

795672 

79574) 

795811 


5 

795880 

795949 

796019 


796158 

796227 

796297 

796366 

796436 

796505 


6 

796574 

796644 

796713 

796782 

796852 

796921 

796990 

797060 

797129 

797198 


7 

7972^^8 

797337 

797406 

797475 

797545 

797614 

797683 

797752 

797621 

797890 


1 

797960 

798029 

798098 

798167 

798236 

tlimi 

798374 

798443 

798513 

798582 


9 

798651 

798720 

798789 

798858 

798927 

798996 

799065 

799)34 


799272 

<9 

•10 

mail 

799409 

rmn 

m84T 

mtxi 

Tt8«88 

T00T64 


Taatn 

mm 


1 

800029 


800167 

800236 

800305 

800373 

800442 

800511 

800580 

800648 


2 



800854 

800923 

800992 

80)061 

801129 

801198 

801266 

801335 


3 

i Lljl 

801472 

801541 

801609 

801678 

801747 

80)8)5 

80)884 

801952 



4 



802226 

. iTl: .T' 

802363 

Tf T' 

802500 

802568 

802637 



5 

r ' Tr 


802910 

* 111 f' 

803047 

It T 

803184 

803252 

80332) 

ritmi 


6 

‘i* ■ |l|Tj 


803594 

■ j 

803730 

iJjA 1 

803867 

803935 

804003 

804071 


7 

804139 


804276 


804412 

T * 

804548 

804616 

Iml 

804753 


8 

804821 

804889 

804957 

11*1 r 

805093 

r' t 

805229 

805297 


805433 

M 

9 

80550) 

805569 

805637 


805773 

■ i 2 1 

805908 

805976 

806044 

806112 


•40 


•04948 


•06884 

•0«481 


ao8s«r 





1 


806926 

806994 

807061 


807197 


807332 

807400 

807467 


2 


807603 

807670 

807738 


■ ■ M ' TtI 

; iVItI 

806008 

808076 

•00143 


3 


808279 

808346 

808414 



‘ mJt 

808684 

808751 

808818 


4 

808886 


809021 

rwii 

809156 



809358 

809425 



5 

809560 

.Tf 1 

809694 


809829 

809896 

‘ 'fl'ri 

8)0031 

810098 



6 

810233 

iJt' dit»l 

810367 

mm 

810501 

8)0569 

i I'lil 

810703 

8)0770 



7 


810971 

811039 

811106 

T| ra 

811240 


811374 

81144) 

8)1508 

07 

8 

811575 

811642 

811709 

811776 

.11 

8II9I0 

811977 

812044 

8121)1 

812178 


9 

812245 

812312 

812379 

812445 

JF dy 

812579 

812646 

812713 

812780 

812047 


••0 

•18918 

811980 

•1804? 

•UU4 

Trffl 

•iaa4T 

818814 



nmn 


1 

813581 

813648 

813714 

813781 

813848 

813914 

8)3981 

814048 

8141)4 

8)4)81 


2 

814248 

814314 

814381 

814447 

8I4SI4 

814561 

814647 

814714 

814780 

814847 


3 

814913 



815)13 

815179 

8)5246 

8)5312 

815378 

815445 

81551) 


4 

815578 

815644 

815711 

815777 

815843 

1,1 7 * 

815976 


8)6109 



5 

816241 

816308 

816374 

RftRI 

816506 

If ' T ’ 

816639 

816705 

816771 



6 

816904 

816970 

817036 


817169 

y j ji j 

817301 

817367. 

817433 

817499 


7 

817565 

817631 

817698 

817764 

817830 


817962 


818094 



8 

818226 

818292 

818358 

818424 

818490 


8)8622 

818688 

818754 


60 

9 

818885 

818951 

819017 

819083 

619149 

U ii: 

819281 

819346 

8194)2 

819478 


rm 


rrmo 

819878 

•mil 

runs 

C 5. 

•im* 

810004 


•aoui 


I 

820201 

820267 

820333 

820399 

820464 

820530 

820595 

820661 

820727 

820792 


2 

820858 

820924 


821055 

821120 

82)186 

821251 

821317 

82)362 

82)448 


3 

821514 

821579 

821645 

821710 

821775 

821841 

821906 

821972 

822037 

822)03 


4 

822168 

822233 

822299 

822364 

822430 

822495 

822560 

822626 

822691 

822756 


5 

822822 

822887 

822952 

823018 

823083 

823148 

823213 

823279 

823344 

823409 


6 

823474 

823539 

823605 

823670 

823735 

823800 

823865 

823930 

823996 

82406) 


7 

824126 

824191 


824321 

824386 

824451 

824516 

824581 

824646 

824711 


8 

824776 

824841 


824971 

825036 

rTWTin 

825166 

82523) 

825296 

825361 

65 

9 

825426 

825491 


825621 

825686 

825751 

825815 

825880 

825945 

826010 


«ro 

898078 

mm 

22 

aaeaoo 

•ssaai 

saiaoo 

888464 





1 

826723 

826787 

826852 

826917 

826981 


82711) 

827175 

827240 

827305 


2 

827369 

827434 

827499 

827563 

827628 

827692 

827757 

827821 

827886 

827951 


3 

828015 

828080 

828144 

828209 

828273 

828338 

828402 

828467 

828531 

828595 


4 

828660 

828724 

828789 

828853 

828918 

828982 

829046 

829111 

829175 

829239 


S 

829304 

829368 

829432 

829497 

82956) 

829625 

829690 

829754 

829818 

829882 


6 

829947 

830011 

830075 

830139 

830204 

830268 

830332 

830396 


830525 


7 

830589 

830653 

830717 

830781 

830845 

ITIT'l 

830973 

831037 

83ij02 

83)166 


8 

831230 

831294 

831358 

831422 

831486 


8316)4 

831678 

831742 

831806 

64 

9 

831870 

831934 

831998 

832062 

832126 

1832)89 

832253 

832317 

832381 

832445 



PEOFOBTIONAb PaBTS 


Dift. 

1 

t 

a 

4 

0 

• 

T 

O 

a 

70 

68 

66 

64 

62 

7.0 

6.0 

6.6 

6.4 

6.2 

14.0 

13.6 

13.2 

12.8 

12.4 

21.0 

20.4 

.19.8 

19.2 

18.6 

28.0 

27.2 

26.4 

25.6 

24.8 

35.0 

34.0 

33.0 

32.0 

31.0 

42.0 

40.8 

39.6 

38.4 

37.2 

49.0 

47.6 

46.2 

44.8 

43.4 

56.0 

54.4 

52.8 

51.2 

49.6 

63.0 

61.2 

59.4 

57.6 

55.8 
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ENGINEERS' TABLES 


45 - 


M 

0 

1 

1 

8 

6 ’ 

6 

.0 

t 

8 


Difl. 

910 

8n809 

888178 

881887 

838700 

888766 

888888 

88M90 

888080 

888009 

888088 

• 

1 

833147 

833211 

833275 

833338 

833402 

833466 

833530 

833593 

833657 



2 

833784 

833848 

833912 

833975 

834039 

834103 

834166 


834294 



3 

834421 

834484 

834548 

834611 

834675 

834739 

834802 


834929 



4 

83S056 

835120 

835183 

835247 

835310 

835373 

835437 


835564 

8356^7 


5 

835691 

835754 

835817 

835881 

635944 

836007 

836071 


836197 



6 

836324 

836387 

836451 

836514 

836577 

836641 

836704 


836830 



7 

836957. 

837020 

837083 

837146 

837210 

837273 

837336 

837399 

837462 

837525 


8 

837588 

837652 

837715 

837778 

837841 

837904 

837967 

838030 

838093 

838156 

6% 

9 

838219 

838282 

838345 

838408 

838471 

838534 

838597 

838660 

838723 

838786 


MO 



888978 


839101 

889166 



nmn 

mm 


1 

839478 

839541 

839604 

839667 

839729 

839792 

839855 

839918 

839981 

840043 


2 

TTiT 

840169 

840232 

840294 

640357 


840482 

840545 

840608 

840671 


3 

JI^ ‘ 

840796 

840859 

840921 

840984 


841199 

841172 

841234 

041297 


4 

!tif! ‘ 

841422 

841485 

841547 


841672 

841735 

841797 

841860 

841922 


5 


842047 

842110 

842172 

842235 

642297 


842422 

842484 

842547 


6 


842672 

842734 

842796 

842859 

842921 

842983 

843046 

843108 

843170 


7 

843233 

843295 

843357 


843482 

843544 

843606 

843669 

843731 

843793 


8 

843855 

843918 

843980 

844042 

844104 

844166 

844229 

844291 

844353 

844415 


9 

844477 

844539 

844601 

844664 

644726 

644768 

844850 

844912 

844974 

845036 


wnm 

8MM8 

868290 

868883 

868886 




840888 

Emm 

□tth 

62 

1 

845718 

845780 

845842 

845904 

845966 

646028 

846090 

846151 

846213 

846275 


2 

846337 

846399 

846461 

846523 

846565 

846646 

846708 

846770 

846832 

846894 


3 

846955 

847017 

847079 

847141 

847202 

847264 

847326 

847388 

847449 

847511 


4 

Mim 

847634 

847696 

847758 

847819 

847881 

847943 

848004 

4m 

848128 


3 

848189 

848251 

848312 

848374 

848435 

848497 

848559 

848620 


848743 


6 

848805 

848866 

848928 

848989 

849051 

849112 

849174 

849235 


849358 


7 

849419 

849481 

849542 

849604 

849665 

849726 

849788 

849849 

Ml 

849972 


8 

850033 

850095 

850156 

850217 

rwwu 

850340 

850401 

850462 


850585 


9 

850646 

850707 

850769 

850830 


850952 

85I0I4 

851075 

851136 

851197 


no 

M1M8 



882668 

801508 

881006 


nrm 

801747 



1 


851931 

851992 

852053 

852114 

852175 

852236 

852297 

852358 

852419 

61 

2 


852541 

852602 

852663 

852724 

852785 

852846 

852907 

852968 

853029 


3 


853150 

853211 

853272 

853333 

853394 

853455 

853516 

853577 

853637 


4 


853759 

853820 

853881 

853941 

854002 

854063 

654124 

854185 

854245 


5 


854367 

854428 

854488 

854549 

854610 

654670 

854731 

854792 

854852 


6 


854974 

855034 

855095 

855156 

855216 

855277 

855337 

855398 

855459 


7 

855519 

855580 

855640 

855701 

855761 

855822 

855882 

855943 

856003 

856064 


8 

856124 

856185 

856245 

856306 

856366 

856427 

856487 

856548 

856600 

856668 


9 

856729 

856789 

856850 

856910 

656970 

857031 

857091 

857152 

857212 

857272 


TM 


887SM 

887688 

887018 

807076 







1 

857935 

857995 

858056 

858116 

858176 

858236 

858297 

858357 

858417 

858477 


2 

858537 

LMKJJ 

858657 

8587 IS 

858778 

858838 

858898 

858958 

859018 

859078 


3 

859138 

859198 

859258 

859318 

859379 

859439 

859499 

859559 

859619 

859679 

60 

4 

859739 


859859 

859918 

859978 

860038 

860098 

860158 

860218 

860278 


5 

860338 


860458 

860518 

860578 

860637 

860697 

860757 

860817 

860877 


6 

860937 


861056 

861116 

861176 

861236 

861295 

861355 

861415 

861475 


7 

861534 


861654 

861714 

861773 

861633 

861893 

861952 

862012 

862072 


8 

S62I3I 

K^T4lJl 

862251 

862310 

862370 

862430 

862489 

862549 

862608 

862668 


9 

862728 


862847 

862906 

862966 

863025 

863085 

863144 

863204 

863263 


T80 



888668 


868081 

808000 

808080 

808789 

S0S799 



1 

863917 

863977 

864036 

864096 

864155 

864214 

864274 

864333 

864392 

864452 


2 

864511 

864570 

864630 

864689 

864748 

864808 

864867 

864926 

864985 

865045 


3 

865104 

865163 

865222 

865282 

865341 

865400 

865459 

865519 

865578 

865677 


4 

865696 

865755 

865814 

865874 

865933 

865992 

866051 

866110 

866169 

866228 


5 

866287 

866346 

866405 

866465 

866524 

866583 

866642 

866701 

866760 

866819 


6 

866878 

866937 

866996 

867055 

867114 

867173 

867232 

867291 

867350 

867409 

59 

7 

867467 

86V26 

867585 


867703 

867762 

867821 

867880 

867939 

TOTTl 


8 

868056 

868^115 

868174 


868292 

868350 

868409 

868468 

868527 

'.m.W.TI 


9 

068644 

868703 

868762 

rTt-tl 

868879 

868938 

868997 

869056 

869114 




P>oroBTi(UfAX> Pasts 


Diff. 

1 

f 

8 

6 

5 

• 

T 

• 

0 

64 

6.4 

12.8 

19.2 

25.6 

32 0 

38.4 

44.8 

51.2 

57.6 

62 

6.2 

12.4 

18.6 

24.8 


37.2 

43.4 

49,6 

55.8 

60 

6.0 

‘ .12.0 

18.0 

24.0 

30.0 

36.0 

42.0 

48.0 

54.0 


5.8 

11.6 

17.4 

23.2 

29.0 

34.8 

40.6 

46.4 

52.2 









































































































engineers’ tables 45~15 


N 


mm 

B 

D 

IQI 

IQ 

O 

n 

TM 

'Bi 

ms. 

T4B 




880408 

180480 


8M804 


ootroi 

MlVfO 


1 

.869818 

869877 

869935 

869994 

870053 

870111 

670170 

870228 

870287 



2 


870462 

870521 

870579 

870638 

870696 

870755 

670813 

870872 

I- 'J ’f 


3 

870989 

871047 

871106 

871164 

871223 

871281 

871339 

871398 

871456 

tltt 


4 

87ji573 

871631 

871690 

871748 


871865 

871923 

871961 

871040 

872098 


S 

872156 

872215 

872273 

872331 

872389 

872446 

872506 

872564 

872622 

872681 


6 

^2739 

872797 

872855 

872913 

872972 

873030 

873088 

873146 

873204 

873262 


7 

87332! 

873379 

873437 

873495 


873611 

873669 

873727 

873785 



. « 

873102 

873960 

874018 

874076 


874192 

874250 

874308 

674366 


M 

9 

874482 

874540 

874598 

874656 

Hmti 

874772 

874830 

874888 

874945 



VW 

878081 

878119 

178m 

rnni 

878808 

878881 

878600 

878688 

878884 

878881 


Ij 

875640 

875698 

875756 

675813 

675871 

875929 

875987 

876045 

876102 

676160 


2j 

876218 

876276 

876333 

876391 

876449 

876507 

876564 

876622 

876680 

876737 


3 

876795 

676853 

876910 

876968 

677026 

877083 

877141 

877199 

877256 

877314 


4 

877371 

877429 

877487 


877602 

877659 

877717 

877774 

877832 

877889 


S 

8n947 

678004 

878062 

EiiflE 

878177 

878234 

878292 

876349 

878407 

876464 


6 

878522 

878579 

878637 


878752 

878809 

878866 

878924 

878981 

879039 


7 


879153 

879211 

879268 

879325 

879383 

879440 

879497 

879555 

879612 


8 


879726 

879784 

879841 

879898 

879956 

880013 

880070 

880127 

880185 


9 


880299 

880356 

680413 

880471 

880528 

880585 

880642 

880699 

880756 


no 

880814 



880088 

8810a 

881000 

881118 



881SM 


I 

881385 

881442 

881499 

881556 

661613 

881670 

881727 

861784 

881841 

881898 


2 

881955 

882012 


862126 

882183 

682240 

862297 

882354 

882411 

882468 

57 

3 

882525 

882581 

882638 

882695 

882752 

882809 

882866 

882923 

882980 

883037 


4 


883150 


883264 

883321 

883377 

883434 

663491 


883605 


5 

r ml 

883718 


883832 

883888 

883945 

884002 

684059 


884172 


6 


884285 


884399 

884455 

884512 

884569 

884625 


884739 


7 

884795 

884852 


884965 

885022 

885078 

885135 

885192 

885248 

885305 


8 

885361 

885418 


685531 

885567 

885644 

885700 

885757 

885813 

885870 


9 

885926 

885983 


886096 

886152 

886209 

886265 

886321 

886378 

886434 


no 

rnm 

886847 

086004 


888718 

886TT8 

888880 

888008 


888998 


1 

887054 

887111 

887167 

887223 

867280 

887336 

887392 

687449 

ITyBH 

887561 


2 

887617 

887674 

687730 

887786 

887842 

887898 

687955 

ETTUn 


888123 


3 

688179 

888236 

888292 

888348 

888404 


888516 

888573 

888629 

888685 


4 

11 711 

888797 

888853 

888909 

888965 

889021 

889077 

889134 

889190 



• 5 


889358 

889414 

489470 

889526 

889582 

889638 

889694 

889750 


50 

6 

ii 

869916 

889974 

890030 

890086 

690141 

890197 

890253 




7 

890421 

890477 

690533 

890589 

890645 

890700 

890756 

890812 




8 


891035 

891091 

891147 

891203 

891259 

891314 

891370 

891426 

891482 


9 

891537 

891593 

891649 

891705 

891760 

891816 

891872 

891928 

891983 



no 

88S0M 

8M180 

ooOmo 

808880 

808817 

MSST8 

800600 

8n686 

88U40 

M989S 


1 

892651 

892707 

892762 

892818 


892929 

892985 

893040 

893096 

893151 


2 


893262 

893318 

893373 


893484 

893540 

693595 

893951 



3 

893762 

893817 

893873 

893928 

El I 

894039 

mm 

894150 

894205 

894261 


4 

894316 

894371 

894427 

694482 

894538 

894593 

894648 

894704 

894759 

894814 


5 


894925 

894980 

895036 


895146 

■ imii 

895257 

895312 

895367 


6 

895423 

895478 

895533 

895588 

895644 

895699 

895754 

695809 

895864 

895920 


7 

895975 

896030 

896085 

896140 

896195 

896251 


89636! 

896416 

696471 


8 

896526 

896581 

896636 

896692 

896747 

896802 

896857 

696912 

896967 

897022 


9 

897077 

897132 

897187 

897242 

897297 

897352 

697407 

897462 

697517 

897572 


700 




807708 

807847 

007000 

807087 


898007 

8MMI 


1 




?TrT 

898396 

898451 

InTi'rj 

898561 

898615 

898670 


2 


t'i-f/Ti 

;[*}:[.tv 


898944 

898999 

1 rfiTrl 

899109 

899164 

I f tLjIj 


3 

bMitf 



- 

899492 

899547 


899656 

699711 



4 





mil 

900094 

900149 

900203 

900258 

BliTTn 


5 

t'iiiilT'T 

.‘a<TilPT 

.‘fiTir y/. 

iTrrS 


900640 


900749 

900804 



6 


jJjTjJH 

Ijjf/V 


^ I J 

901186 

901240 

901295 

901349 

901404 

■ 

7 

901458 

?TlSf 


Wrff 

? T V 

ml’} 

rl'lnTl 

901840 

Pi 71 



8 




902166 

il T 'I 

m%‘A 

rl'iTifl 

902384 




9 

902547 


902655 

902710 




902927 


LiM: 



PaoroBnoMAX. Pabxb 


Diff. 

1 

t 

1 

4 

8 

8 

IBI 

n 

8 

to 

S 

54 

6.0 

5.8 
. 5.6 

5.4 

12.0 

11.6 

11.2 

18.0 

17.4 

16.8 

16.2 

24.0 

23.2 

22.4 

21.6 

30.0 

29.6 

28.0 

27.0 

36.0 

34.8 

33.6 

32.4 

42.0 

40.6 

39.2 

37.8 


54.0 

52.2 

50.4 

48.6 












































































































































































46-16 


BNQINBERS’ TABLES 


N 

0 

1 

• ' 

8 

4 

• 

8 

7 

• 

8 

Diir. 

100 

•08080 

800144 

808188 

8088 n 

CSI 

808841 

808414 

808470 

•08884 

•0I8T8 


1 

903633 

903687 

903741 


903849 

903904 

903958 

mm 

'EkeTI 

904120 


2 

904174 

904229 

904283 


904391 

904445 

904499 

904553 

904607 

904661 


3 

904716 

904770 

904824 


904932 

904986 

905040 


905148 



4 

905236 

905310 

905364 

905418 

905472 

905526 

905580 

905634 

905688 

Vi tT 

54 

5 

905796 

905830 

905904 

fTT 



906119 

906173 

906227 

Vi l) 


6 

906335 

906389 

906443 

jljijW 

906551 


906658 

906712 

906766* 



7 

906874 

906927 

906981 



907143 

907196 

907850 

907304 

907358 


8 

907411 

907465 

907519 

VI Wr 

907626 

RWl 

907734 

W77i7 

907841 



9 

907949 

908002 

908056 

■i'l 111' 

908163 


908270 

908324 

908378 



•10 

908488 

808888 

800888 

808848 

8088 n 

808788 

808807 



80888T 


I 

909021 

909074 

909128 

909181 

909235 

909289 

909342 

909396 

909449 

E 


2 

909556 

909610 

909663 

909716 

909770 

909823 

909877 

909930 

909984 

E ['rff i 

. 

3 

910091 

910144 

910197 

9I02SI 

910304 

910358 

910411 

910464 

910518 

t fjgll 


4 

910624 

910678 

910731 

910784 

910838 

910891 


910998 


E iTI?l 


9 

911158 

911211 

911264 

9II3I7 

9II37I 

911424 


911530 

911584 

911637 


6 

911690 

911743 

911797 

911850 

911903 

911«56 


912063 

912116 

912169 


7 

912222 

912275 

912328 

912381 

912435 

912488 

912541 

912594 

912647 



8 

912753 

912806 

9I28S9 

912913 

912966 

913019 

913072 

913125 

913178 



9 

913284 

913337 

913390 

913443 

913496 

913549 

913602 

913655 

913708 

El 

5S 

•10 

818814 

rgTTTl 


8188T8 


814078 

mm 

814184 




1 

914343 

914396 

914449 

914502 

914555 

914608 

914660 

914713 

914766 

914819 


2 

914872 

914925 

914977 


915083 

915136 

915189 

915241 

915294 

915347 


3 

915400 

915453 

9IS505 


915611 

915664 

915716 

915769 

915822 

915875 


4 

915927 

915980 

916033 

• ; 1!! 

916138 


916243 

916296 

916349 

916401 


$ 

916454 

916507 

916559 

*. a-' 

916664 

u.iti 

916770 

916822 

916875 

916927 


6 

916980 

917033 

917085 

i % £ 

917190 


917295 

917348 

917400 

917453 


7 

917506 

917558 

917611 

■ 

917716 

917768 

917820 

917873 

917925 

917978 


• 

918030 

918083 

918135 

fii’ 

918240 

918293 

918345 

918397 

918450 

918502 


9 

918555 

918607 

918659 

i iilii 

918764 

918816 

918869 

918921 

918973 

919026 


•80 

819078 


818188 





mm 

818488 



1 


919653 

919706 

919758 

919810 

919862 

919914 

919967 

920019 

920071 


2 


920176 

920228 

920280 

920332 

920384 

920436 

920489 

920541 

920593 


3 


920697 

920749 

920801 

920853 

920906 

920958 

921010 

921062 

921114 

52 

4 


921218 

921270 

921322 

921374 

921426 

921478 

921530 

921582 

921634 


5 


921730 

921790 

921842 

921894 

921946 

921998 

922050 


922154 


0 


922258 

922310 

922362 

922414 

922466 

922518 

922570 

922622 

922674 


7 


922777 

922829 

922881 

922933 

922985 

923037 

923089 


923192 


8 


923296 

923348 

923399 

923451 

923503 

923555 

923607 




9 


923814 

923865 

923917 

923969 

924021 

924072 

924124 

924176 

924228 


•iO 

8848T0 

884881 

884888 

884484 

084408 

884888 


884841 

884888 

884T44 


1 

924796 

924848 

924899 

924951 

925003 

925054 

925106 

925157 

925209 

923261 


2 

925312 

925364 

925415 

925467 

925518 

925570 

925621 

925673 

925725 

925776 


3 

925828 

925879 

925931 

925982 

926034 

926085 

926137 

926188 

926240 

926291 


4 

926342 

926394 

926445 

926497 

926548 

926600 

926651 

926702 

926754 



5 

926857 

926908 

926959 

927011 

927062 

927114 

927165 

927216 

927268 

927319 


6 

927370 

927422 

927473 

927524 

927576 

927627 

927678 

927730 

927781 

927832 


7 

927883 

927935 

927986 

928037 

928088 

928140 

928191 

928242 

928293 

928345 


8 

928396 

928447 

928498 

928549 

928601 

928652 

928703 

928754 

928805 

928857 


9 

928908 

928959 

929010 

929061 

929112 

929163 

929215 

929266 

929317 

929368 


•80 

898418 

•884T0 

888881 

888BT8 

888488 

819474 

TTJJJ 





1 

929930 

929981 


930083 

930134 

I 





51 

2 

930440 

930491 




iilii 

iil4 



■' Vrr ‘ 


3 

930949 


■ jKjW 

■ ; 1 

931153 

L i. '■ i 




liiU 


4 

931458 

U 

TmT 

!! 1! 1! 

931661 





ITIf 


5 

931966 


■ 'f vM 


932169 

iilli 




K •Fir* 


* 0 

932474 




932677 

L i 11 li. 

M 1 i i£ 



932930 


7 

932981 

933031 


933133 

933183 

* 


933335 

933386 

933437 


8 

933487 

933538 

933589 

1' 



i:;in 

933841 

933892 

933943 


9 

935993- 






ii:s 


934397 

934448 



Pteroanoiuii Fams 


Diff. 

1 

• 

8 

4 

• 

8 

T 

• 

• 

56 

5.6 

11.2 

16.8 

22.4 

28.0 

33.6 

39.2 

44.8 

50.4 

54 

5.4 

10.8 

16.2 

21.6 

27.0 

32.4 

wsa 

43.2 

^.6 

52 

5.2 

10.4 

15.6 

20.8 

26.0 

31.2 

kSm 

41.6 

46.8 
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M4S4t M4Mt|nuso|n«rooifMm 


940018 

940516 

941014 

941511 

942008 

942504 

943000 

943495 

943989 


935054 
935558 
936061 

936564 
937066 
937568 

938069 
938570 1 938620 
9390701 939120 

980868 

940068 940118 
940566 940616 
941064 941114 




943049 

943544 

944038 



944976 

945469 

945961 

946452 

946943 

947434 

947924 

948413 

948902 


949878 

950365 

950851 

951338 

951823 

952308 

952792 

953276 

953760 

984848 

954725 

955207 

955688 

956168 

956649 

957128 

957607 

958086 

958564 

989041 

959518 

959995 

960471 

960946 

961421 

961895 

962369 

962843 

963316 


944881 

9 
9 
9 


947973 

948462' 

948951 

949480 

949926 

950414 

950900 

951386 

951872 

952356 

952841 

953325 

953808 


949488 

949975 

950462 

950949 

951435 

951920 

952405 

952889 

953373 

953856 


'] I ^ VJll’] :*• 


954773 

955255 

955736 

956216 

956697 

957176 

957655 

958134 

958612 



954821 

955303 

955784 

956265 

956745 

957224 

957703 

958181 

958659 

989187 

959614 

960090 

960566 

961041 

961516 

961990 

962464 

962937 

963410 


935154 

935658 

936162 

936665 

937167 

937668 

938169 

938670 

939170 

989889 

940168 

940666 

941163 

941660 

942157 

942653 

943148 

943643 

944137 


945124 

945616 

946108 

946600 

947090 

947581 

948070 

948560 

949048 

949888 

950024 

950511 

950997 

951483 
951969 
952453 

952938 

953421 

953905 

984887 

954869 

955351 

955832 

956313 

956793 

957272 

957751 

958229 

958707 

989188 

959661 

960138 

960613 

961089 

961563 

962038 

962511 
962985 
963457 


935205 

935709 

936212 

936715 

937217 

937718 

938219 

938720 

939220 

989719 

940218 

940716 

941213 

941710 

942207 

942702 

943198 

943692 

944186 

944880 

945173 

945665 

946157 

946649 

947140 

947630 

948119 

948608 

949097 

949888 

950073 

950560 

951046 

951532 

952017 

952502 

952986 

953470 

953953 


935255 

935759 

936262 

936765 

937267 

937769 

938269 

938770 

939270 

989789 

940267 
9407651 
9412631 
941760 
942256' 
942752 

943247 

943742 

944236 

944789 

945222 

945715 

946207 

946698 

947189 

947679 

948168 

948657 

949146 

949884 

950121 

950608 

951095 

951580 

952066 

952550 

953034 

953518 

954001 


935306 

935809 

936313 

936815 

937317 

937819 

938320 

938820 

»3«320 

989819 

940317 

940815 

941313 


935356 

935860 

936363 

936865 

937367 

937869 

938370 

938870 

939369 


935406 935457 
935910 935960 
936413 936463 


936916 

937418 

937919 

938420 

938920 

939419 



944778 844888 


945272 

945764 

946256 

946747 

947238 

947728 

948217 

948706 

949195 

849688 

950170 

950657 

951143 

951629 

952114 

952599 

953083 

953566 

954049 


945321 

945813 

946305 

946796 

947287 

947777 

948266 

948755 

949244 

848781 

950219 

950706 

951192 

951677 

952163 

952647 

953131 

953615 

954098 


IT! MI Ilf f ^ f IHT hJI If * LIu 


956505 

956984 

957464 

957942 

958421 

958898 

888876 

959852 

960328 

960804 

961279 

961753 

962227 

962701 

963174 

963646 


954918 

955399 

955880 

956361 

956840 

957320 

957799 

958277 

958755 

954966 

955447 

955928 

956409 

956888 

957368 

957847 

958325 

958803 

955014 

955495 

955976 

956457 

956936 

957416 

957894 

958373 

958850 


959709 

960185 

960661 

961136 

961611 

962085 

962559 

963032 

963504 

959757 

960233 

960709 

961184 

961658 

962132 

962606 

963079 

963552 

959804 

960280 

960756 

961231 

961706 

962180 

962653 

963126 

963599 


943890 

944384 

844877 

945370 

945862 

946354 

946845 

947336 

947826 

948315 

948804 

949292 


950267 

950754 

951240 

951726 

952211 

952696 

953180 

953663 

954146 

904888 

955110 

955592 

956072 

956553 

957032 

957512 

957990 
958468 
9589461 

888418 

959900 

960376 

960851 

961326 

961801 

962275 

962748 

963221 

963693 


936966 

937468 

937969 

938470 

938970 

939469 

888888 


941958 

942455 

942950 

943445 

943939 

944433 


946894 

947385 

947875 


950316 

950803 

951289 

951775 

952260 

952744 

953228 

953711 

954194 


955158 

955640 

956120 

956601 

957080 

957559 

958038 

958516 

958994 

868471 

959947 

960423 

960899 

961374 

961848 

962322 

962795 

963268 

963741 





20.8 

26. 

20.0 

1 25. 

19.2 

24. 


31.2 

36.4 

4 

30.0 

35.0 

41 

28.8 

33.6 

3l 
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M 

.1 ® 

‘ 

t 

• 

4 

1 

• 

T 

• 

• 

T>m. 

no 

lOol^ 



•••••O 

••••TT 

904084 

004072 

0041U 

••om 

0«48U 


1 



Wfff 

964401 

964448 

964495 

964542 


964637 

964684 


2 

T? Tf 


rriTr 

964872 

964919 

964966 



965108 

965155 


3 

ii 



965343 

965390 

965437 

965404 

965531 

965578 

965625 


4 




965813 


965907 

965954 

966001 


966095 

. 47 

5 

Vi iff 


-’J'T'tIk 

966283 


966376 

966423 

966470 


966564 


6 



966705 

966752 

966799 

966845 

966892 

966939 


967033 


7 


967127 


967220 

967267 

967314 

967361 

967408 

967454 

967501 


8 


967595 


967688 

967735 

967782 

967829 

967875 

967922 

967969 


9 

968016 

968062 

121 £1^ 

968156 

968203 

968249 

968296 

968343 

968390 

968436 


tso 

vnnnn 

••••80 

••om 



•••no 

980788 

•80010 

••8006 

••••00 


1 

968950 

968996 

969043 

969090 

969136 

969183 

969229 

969276 

969323 

969369 


2 

969416 

.969463 

969509 

969556 

969602 

969649 

969695 

969742 

969789 

969835 


3 

969882 

969928 

969975 

970021 

970068 

970114 

970161 

970207 

970254 

970300 


4 

970347 

970393 

970440 

970486 

970533 

970579 

970626 

970672 

970719 

970765 


5 

970812 

970858 

970904 

970951 

970997 

971044 

971090 

971137 

971183 

971229 


6 

971276 

971322 

971369 

97I4I5 

971461 

971508 

971554 

971601 

971647 

971693 


7 

971740 

971786 

971832 

971879 

971925 

971971 

972018 

972064 

972110 

972157 


8 

972203 

972249 


972342 

972388 

972434 

972481 

972527 

972573 

972619 


9 

972666 

972712 


972804 

972851 

972897 

972943 

972989 

973035 

973082 


•40 

8T8U0 

•Tom 




9TS890 

078408 


vmn 

07806S 


1 

973590 

973636 

973682 

973728 

973774 

973820 

973866 

973913 

973959 

974005 


2 

974051 

974097 

974143 

974189 

974235 

974281 

974327 

974374 

974420 

974466 


3 

974512 

974558 

974604 

974650 

974696 

974742 

974788 

974834 

97488(r 

974926 


4 

974972 

975018 

975064 

975110 

975156 

975202 

975248 

975294 

975340 

975386 

46 

5 

975432 

975478 

975524 

975570 

975616 

975662 

975707 

975753 

975799 

975845 


6 

975891 

975937 

975983 

976029 

976075 

976121 

976167 

976212 

976258 

976304 

‘ 

7 

976350 

976396 

976442 

976488 

976533 

976579 

976625 

976671 

976717 

976763 


8 

976808 

976854 

976900 

976946 

976992 

977037 

977083 

977129 

977175 

977220 


9 

977266 

977312 

977358 

977403 

977449 

977495 

977541 

977586 

977632 

977678 


•80 

wmu 


unm 

0T7061 

07T000 

•7T008 

OTTOn 

0TMM8 


•T81U 


1- 


978226 

978272 

978317 

978363 

978409 

978454 

978500 

978546 

978591 


2 


978683 

978728 

978774 

978819 

978865 

978911 

978956 

979002 



3 


979138 

979184 

979230 

979275 

979321 

979366 

979412 

979457 

979503 


4 

979548 

979594 


979685 

979730 

979776 

979821 

979867 

979912 

979958 


5 

980003 

980049 

['TOai 

980140 

900185 

980231 

980276 

980322 

980367 

F-fTlFl 


6 

980458 

980503 

980549 

980594 

980640 

980685 

980730 

980776 

980821 



7 

980912 

980957 


981048 

981093 

981139 

981184 

981229 

981275 

981320 


8 

981366 

98I4II 

981456 

981501 

981547 

981592 

981637 

981683 

981728 

981773 


9 

981819 

981864 


981954 

982000 

982045 

982090 

982135 

982181 

082226 


•80 

naan 


•omt 

•nm 


088407 

onooi 

•non 

••08M 

•non 


1 

'1 (tf T 

982769 

982814 

982859 

982904 

982949 

982994. 

mm 

983085 

983130 


2 

' TllT 

983220 

983265 

983310 

983356 

983401 

983446 

983491 

983536 

983581 


3 


983671 

983716 

983762 

983807 

983852 

983897 

983942 

983987 

984032 


4 


984122 

984167 

984212 

984257 

984302 

984347 

984392 

984437 

984482 


5 


984572 

984617 

984662 

984707 

984752 

984797 

984842 

984887 

984932 

45 

4 

' ff-VI 

985022 

985067 

985112 

985157 

985202 

985247 

985292 

985337 

985382 


7 

985426 

985471 

985516 

985561 

985606 

985651 

985696 

985741 

985786 

985830 


8 


985920 

985965 

986010 

986055 

986100 

986144 

986189 

986234 

986279 


9 


986369 

986413 

986438 

986503 

986548 

986593 

986637 

986682 

986727 


•TO 

ooom 


•aooot 

•OOMO 

••••11 


252 


•oruo 

oonra 


1 

987219 

987264 

987309 

987353 

987398 




987577 

987622 


2 

987666 

9877M 

987756 

987800 

987845 





988068 


3 

988113 

988157 


988247 

988291 

988336 

988381 

988425 

988470 

988514 


4 

988559 

11 M!l 

988648 

988693 

988737 

988782 

988826 

virfil 

988916 

988960 

4 

S 


Ernttl 

989094 

989138 

989183 

989227 

989272 

J tllrB 

989361 

989405 


6 

989450 

989494 

989539 

989583 

989628 

989672 

'M 


989806 

989850 


7 

989895 

989939 

989983 

990028 

990072 

990117 

rfljf 1 


990250 

990294 


8 

990339 

990383 

990428 

990472 

990516 

990561 

t f Vi V J 



990738 


9 

990783 

990827 

990871 

999916- 

Rmii 


uillll 


lilijLj 

991182 



Tmanmmamjj, Pjjhs 


nm. 

1 

"f 

8 

i 

1 - 

• 

T 

0. 

f 

48 

4.8 

9.6 

14.4 

19.2 

24;0 

28.8 

33.6 

38.4 


46 

4.6 

9.2 

13.8 

18.4 

23.0 

27.6 

32.1 

36:8 


44 

4.4 

8.8 

13.2 

17.6 

22.0 

26.4 

30.8 

33.2 

39.6 

■kbi 

.nESfli 

8.4 

12.6 

16.8 

21.0 

25.2 

29.4 

33.6 

37.0 
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N 


n 

mm 


Bi 

w 

wm 

— 

■f 

Mm 

Dta. 

MO 

M18S0 

Mmo 

MISU 

99UM 


Mt668 

MIMS 

MUM 

MU80 

nnn 


1 

991669 

991713 

991758 

991802 

991846 

991890 

991935 

991979 

992023 

992067 


2 

992111 

992156 

992200 

992244 

992288 

992333 

992377 

992421 

992465 



3 

992554 

992598 

992642 

992686 

992730 

992774 

992819 

992863 

992907 



4 

992995 

993039 

993083 

993127 

993172 

993216 

993260 

993304 

993348 

993392 


5 

993436 

993480 

993524 

993568 

993613 

993657 

993701 

993745 

993789 

993833 


6 

993877 

993921 

993965 

994009 

994053 

994097 

994141 

994185 

994229 

994273 


7 

994317 

994361 

994405 

994449 

994493 

994537 

994581 

994625 

994669 


44 

8 

994757 

994801 

994845 

994889 

994933 

994977 

995021 

995065 

995108 



9 

995196 

995240 

995284 

995328 

995372 

995416 

995460 

995504 

995547 



MO- 

988888 

9980T9 

998m 

M0T8T 

•08811 

M8886 

rmn 

••89M 

••SSM 

•••OU 


1 

996074 

996117 

996161 

996205 

996249 

996293 

996337 

996380 

996424 

996468 


2 

996512 

996555 

996599 

996643 

996687 

996731 

996774 

996818 

996862 

996906 


3 

996949 

996993 

997037 

997080 

997124 

997168 

997212 

997255 

997299 

997343 


4 

997386 

997430 

997474 

997517 

997561 

997605 

997648 

997692 

997736 

997779 


5 

997823 

997867 

997910 

997954 

997998 

998041 

998085 

948129 

998172 

998216 


6 

998259 

998303 

998347 

998390 

998434 

998477 

998521 

998564 

998608 

998652 


7 


998739 

998782 

998826 

998869 

998913 

998956 

999000 

999043 

999087 


8 


999174 

■999218 

999261 

999305 

999348 

999392 

999435 

999479 

999522 


9 


999609 

999652 

999696 

999739 

999783 

999826 

999870 

999913 

999957 


1000 

000000 

000068 

00008T 


0001T6 

oooaiT 

000880 

000804 


OOOStl 

43 


8. Areas of Circles, Diameters in Units and Eighths 


d 

0 

V8 

1/4 

S/8 

Vs 

6/8 

9/4 

V8 

0 

0.0000 

0.0123 


■KHIEQ 

0.1963 


0.4416 

0.6013 

1 

0.7854 

0.9940 


1.4849 

1.7671 

2.0739 

2.4053 

2.7612 

a 

3.1416 

3.5466 
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4. Anu of ClrdoB for Diamoten is Uniti and HttndrodthB—Ctmft'nued 
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15 

« 

0 

.OOfTO 

.98094 

14.880 

.09998 

14.801 

1.0084 

.00844 

.99788 

88 

0 


15 

.07411 

.92589 

13.494 

EilU 

13.457 

1.0026 

.00275 

.99725 


45 


SO 

.07846 

.92154 

012.745 


12.706 

1.0031 

.00308 

.99692 


30 


45 

.08261 

.91719 

12.076 


12.035 

1.0034 

.00343 

.99656 


15 

■ 

0 


.91M4 

11.474 

.08749 

11.480 

1.0088 

.00881 

.99919 

88 

0 


15 

.09150 

.90850 

10.929 

.09189 

10.883 

1.0042 

.00420 

.99580 


45 


SO 

.09585 

.90415 

10.433 

.09629 

10.385 

1.0046 

.00460 

.99540 


30 


45 

.10019 

.89981 

9.9812 


9.9310 

1.0051 

.00503 

.99497 


15 


0 


.89847 


.10810 

9.8144 

l.OOOS 

.00048 

.99488 

84 

8 


15 

. 10887 

.89113 

9.1855 

.10952 

9.1309 

1.0060 

.00594 

.99406 


45 


SO 

.11320 

.88680 

8.8337 

.11393 

8.7769 

1.0065 

.00643 

.99357 


30 


45 

.11754 

.88246 

8.5079 

.11836 

8.4490 

1.0070 

.00693 

.99307 


15 

f 

0 

.19187 

.87818 

8.8088 

.18878 

8.1448 

1.0075 

.00748 


88 

0 


15 

■mu 

.87380 


.12722 

7.8606 

1.0081 

.00800 

.99200 


45 


SO 

.13053 

.86947 

7.6613 

.13165 

7.5958 

1.0086 

.00856 

.99144 


30 


45 

.13485 

.86515 

7.4156 

.13609 

7.3479 

1.0092 

.00913 

.99086 


15 

• 

0 

*18917 

.88088 

7.1888 


7.1184 

1.0098 

.00978 

.99087 

81 

9 


15 

..14349 

..85651 

6.9690 

.14499 

6.8969 

1.0105 

.01035 

.98965 


4f 


SO 

.14781 

.85219 

6.7655 

.14945 

6.6912 

1.0111 

.01098 

.98902 


30 


45 

.15212 

.84788 

6.5736 

.15391 

6.4971 

1.0118 

.01164 

.98836 


15 

• 

0 

.18048 


8.8984 


8.8188 

1.0188 

.01881 

.<8799 

81 

0 


15 

.16074 

. 83926 

6.2211 

.16286 

6.1402 

1.0132 

.01300 

.98700 


45 


SO 

.16505 

.83495 

6.0589 

'.16734 

5.9758 

1.0139 

.01371 

.98629 


30 


45 

.I69S5 

.83065 

5.9049 

.17183 

5.8197 

1.0147 

.01444 

.98556 


15 

10 

0 



8.7888 

.17888 

8.8718 

1.0184 

.01819 

.98481 

SO 

0 


15 

. 17794 

.82206 

5.6198 

.18083 

5,5301 

1.0162 

.01596 

.98404 


.45 


SO 

.18224 

.81776 

5.4874 

.18534 

5.3955 

1.0170 

.01675 

.98325 


36 


45 

.18652 

.81348 

5.3612 

.18986 

5.2672 

1.0179 

.01755 

.98245 


15 

u 

0 

.10081 

.80919 

8.8408 

.19488 

8.1448 

1.0187 


.98188 

79 

0 


15 

.19509 

.80491 

5.1258 

.19891 

5.0273 

1.0196 

.01921 

.98079 


45 


SO 

.19937 

.80063 

5.0158 

. 20345 

4.9152 

1.0205 

.02008 

.97992 


30 


45 

.20364 

.79636 

4.9106 


4.8077 

1.0214 

.02095 

.97905 


15 

wn 

n 

.80791 

.79809 

4.8097 

.81888 

4.7040 

1.0888 


.97818 

78 

0 


ill 

.21218 

.78782 


.21712 

4.6057 

1.0233 

.02277 

.97723 


45 


[jil 

.21644 

.78356 

4.6202 

.22169 

4.5107 

1.0243 

.02370 

.97630 


30 


jtl 

,22070 

.77930 

4.5311 

.22628 

4.4194 

1.0253 

.02466 

.97534 


15 

u 


.88498 

.77808 

4.4484 

.88087 

4.8818 

1.0888 


.97487 

77 

0 


IS 

.22920 

.77080 


.23547 

4.2468 

1.0273 

.02662. 

.97338 


45 


so 

.23345 

.76655 

4.2837 


4.1653 

1.0284 

.02763 

.97237 


30 


45 

.23769 

.76231 

4.2072 

.24470 

4.0867 

1.0295 

.02866 

.97134 


15 

u 

0 

.S41tt 


4.1888 

.84988 

4.0108 

1.0808 

.08970 

.97080 

78 

0 


15 

.24415 

.75385 

4.0625 

.25397 

3.9375 

1.0317 

.03077 

.96923 


45 


SO 

.25098 

.74962 

3.9939 

.25862 

3.8667 

1.0329 

.03185 

.96815 


30 


45 

.25460 

.74540 

3.9277 

.26328 

3.7983 

I.034I 

.03295 

.96705 


IS 

o 

O' 

.98888 


8.8887 

.88798 

8.78M 

1.M8S 

.08407 

,94898 

71 

8- 




Yenia 

Sooaat 

CotMk 

Bai 

CoMfl 

Oovm 

ffina 


Mhi. 


from 7fi* to 90* rood from bottom of teUo opiranb. 



















































































engineers' tables 

8 . Rfttaral Trigonometric Functions (Continued) 


« 6-23 


Dag. 

Miu 

Sine 

Covers 

Coaeo 

Tan 

Co tan 

Secant 

Vanin 

Coaine 



U 


o.totoa 

0.74218 

8.8687 

0 867*6 

8.7880 

1.0868 

0.08407 

0.*M»8 

tn 




,26303 

.73697 

3.8010 

.27263 

3. 6680 

1.0365 

.03521 

.96479 


45 



.26724 

.73276 

3.7420 

.27732 

3.6059 

1.0377 

.03637 

.96363 


30 


45 

,27144 

.72856 

3.6840 

.20203 

3.5457 

1.0390 ; 

,03754 

.96246 


IS 

U 

0 

.S7B06 

.78486 

8.6880 

.88674 ; 

8.4874 

1.0408 

.08874 

.*6116 

74 

8 


15 

.27903 

.72017 

3.5736 

,2914.7 

3.4308 

1.0416 

.03995 

.96005 


t 45 


30 

.20402 

.71598 

3.5209 

.29621 

3.3759 

1.0429 

.04118 

.95882 


30 


45 


.71100 

3.4699 

.30096 

3.3226 

1.0443 

.04243 

.95757 


15 

IT 

0 


.70768 

8.4808 

.80678 

8.8709 

1.0467 

.04870 


7* 

0 


13 

.29654 

.70346 

3.3722 

.31051 

3.2205 

1.0471 

.04498 

.95502 


45 


30 

.30070 

.69929 

3.3255 

.31530 

3.17I'6 

1.0485 


,95372 : 


30 


«i 

.30406 

.66514 

3.2801 

.32010 

3.1240 1 

1.0500 


.95240 ! 


IS 

If 

K1 

.80001 

.680*8 

8.8862 

.884*8 

8.0777 1 

BU 

.048*4 ' 


7* 

0 


IS 

.31316 

1 .60684 

3.1932 

.32975 

3.0326 

■H'l '■ 

.05030 

.94970 


45 


30 

.31730 

1 .68270 

3.1515 

.33459 

2,9887 

iRii 

.05168 

.94832 


30 


45 

.32144 

.67856 

3.1110 

.33945 

2.9459 

1.0560 

.05307 

.94693 


15 

It 

0 

.SlfOT 

.87448 

8.0726 

.84483 

1.9048 

1.0876 

.064a 

.*4*88 

71 

0 


15 

.32969 

.67031 

3.0331 

.34921 

2.8636 

1.0592 

.05591 

.94409 


45 


30 

.33301 

.66619 

2.9957 

.35412 

2 8239 

1.0608 

•05736 

.94264 


30 


45 

.33792 

.66208 

2.9593 

.35904 

2.7852 

1.0625 

.05882 

.94118 


IS 

M 

0 

.S4101 

.80788 

S.98S8 

.86897 

8.7470 

1.0641 

.06081 

.*8*6* 

TO 

0 


15 

.34612 

.65388 

2.8892 

.36892 

2.7106 

1.0659 

.06181 

.93819 


45 


30 

.35021 

.64979' 

2.8554 

.37388 

2.6746 

1.0676 

.06333 

.93667 


30 


45 

.35429 

.64571 

2.8225 

.37887 

2.6395 

1.0694 

.06486 

.93514 


15 

•1 

0 

.10807 

.84168 

8.7*04 

.88886 

8.8061 1 

1.0711 


.*88*6 

|T] 

0 


15 

.36244 

.63756 

2.7591 

.38888 

2.5715 

1.0729 

.06799 

.93201 


45 


30 

.36650 

.63350 

2.7285 


2.5386 

1.0748 

.06958 

.93042 

■ 

30 


45 

.37036 

.62944 

2.6986 

K 

2.5065 

1.0766 

.07119 1 

.92881 

■ 

15 

11 

0 

.17462 

■fTTTTw 

1.66*8 

.40408 

1.4761 

1.0786 


.MTM 

El 

0 


IS 

.37065 

.62135 

2.6410 

.40911 

2.4443 

1.0804 

.07446 

.92554 


45 


30 

.3026S 

.61732 

2.6131 

.41421 

2.4142 

1.0824 

.07612 

.92388 


30 


45 

.30671 

.61329 

2.5859 

.41933 

j 2.3847 

1.0844 

.07780 

.92220 


15 

M 

0 

.88073 

.60*87 

3.66*8 

; .48447 

1 8.866* 

1.0884 

.07*60 

.*8060 

67 

0 


15 

.39474 

.60526 

2.5333 

.42963 

: 2.3276 

1.0884 

.08121 

.91879 


45 


30 

.39875 

.60125 

2.5078 

.43401 

2.2998 

1.0904 

.08294 

.91706 


30 


45 

.40275 

.59725 

2.4829 

.44001 

2.2727 

1.0925 

.08469 

.91531 


15 

M 

0 

.40074 

.0*888 

1.4686 

.44088 

1.8460' 

1.0*46 

. 086 a 


*6 

0 


15 

,41072 

.58928 

2.4348 

.45047 

2.2199 

1.0968 

.08824 

.91176 


45 


30 

.41469 

.58531 

2.4114 

,45573 

2.1943 

1.0989 

,09004 

,90996 


30 


45 

.41866 

.58134 

2.3886 

.46101 

2.1692 

I.IOII 

.09186 

.90814 


15 

IS 

0 

.48808 

.67788 

1.8868 

.46681 

1.1446 

1.1084 

■ i! fi j 

.*0681 


• 


IS 

.42657 

.57343 

2.3443 

.47163 

2.1203 

I.I0S6 

ItilJy !l 

.90446 


45 


30 

.43051 

.56949 

2.3228 

.47697 

2.0965 

1.1079 

1 

.90259 


30 


45 

.43445 

.56555 

2.3016 

.48234 

2.0732 

1.1102 

.09930 

.90070 


15 

St 

■1 

.43887 

.66268 

8.8818 

.48778 

1.0608 

1.1116 

.10111 

.8W7* 

64 

8 


15 

.44229 

.55771 

2.2610 

.49314 

2.0278 

1.1150 

.10313 

.89687 


45 


50 

.44620 

.55380 

2.2412 

.49858 

2.0057 

1.1174 

.10507 

.89493 


30 


45 

' .45010 

.54990 

2.2217 

.50404 

1.9840 

1.1198 

.10702 

.89298 


15 

IT 

0 

.40888 

.64602 

8.8087 


1.9686 

1.1118 



a 

0 


15 

.45787 

.54213 

2.1840 

.51503 

1.9416 

1.1248 

.11098 

.88902 

■i 

45 


30 

.46175 

.53825 

2.1657 

.52057 

1.9210 

1.1274 

.11299 

.68701 

■ 

30 


45 

.46561 

.53439 

2.* 1477 

.52612 

1.9007 

1.1300 

.11501 

.88499 

H 

15 

18 

0 

.4M4T 

.88068 

t.isoo 

.68171 

1.8807 

1.1816 

.11706 

.8806 

D 

• 


15 

.47332 

.52668 

2.1127 

.53732 

I.86II 

1.1352 

.11911 

.88089 


45 


'30 

.47716 

.52284 

2.0957 

,54295 

1.6418 

1.1379 

.12118 

.87882 


30 


45 

..48099 

.51901 

2.0790 

.54862 

1.8228 

1.1406 

.12327 

,87673 


15 

St 

0 

.48482 

BlBlO 

8.0687 


1.8040 

1.1488 

,1*888 

.87468 

81 

• 


15 

.48862 

KTiTTI 

2.0466 

.56003 

1.7856 

I.I46I 

.12750 

.87250 


45 


30 

• .49242 


2.0308 

.56577 

1.7675 

I.I490 

.12964 

.87036 


30 


45 

.49622 

BrirTTB' 

2.0152 

.57155 

1.7496 

1.1518 

.13180 



15 

to 

0 

.80000 

.60000 

8.0000 

.67780 

1.7810 

1.1847 

.1*8*7 


68 

_0 



Coaine 

Vanin 

Seoant 

Cotan 

Tan 

Coeeo 

Coven 

Sine 

Deg. 

Mia. 


Vttm 60* to 75* read Irom bottom of table upwirda. 
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ENGlNSEltS' TABLES 

5. Eatund Trigonometric fuactioni {jOondvde^ * 


Deg. 

Min 

Sue 

Coven 

Coeeo 

Tan 

Cotan 

Secant 

Tenin 

Coaine 

■ 


io 

0 

0.80000 


8.0000 

0.87780 

1.7880 

1.1847 

0.18897 

0.88808 


0 


15 

BI7T' 1 

.49633 

1.9850 

Kill 

1.7147 

1.1576 

.13616 

.86364 

■■ 

45 


30 

ILliV. -M 

.49246 


Hi-' ‘ 1.1 

1.6977 

1.1606 

.13837 

.86163 


30 


45 


.48871 

mm 


I.680B 

1.1636 


.85941 


15 

u 

0 

.61004 

.46480 

1.9410 

.00080 

1.0048 

1.1888 

.14888 

.80717 


• 


IS 

.51877 

.48123 

1.9276 


■liTr 3 

1.1697 

KMl 

.85491 

HB 

45 


30 


.47750 

I 9139 


‘1 

1.1728 

.14736 

.85264 


30 


45 

.52621 

,47379 

1.9004 

.61882 

lirif' <1 

1.1760 

.14965 

.85035 


15 

u 

0 

J69f9S 

.47008 

1 8871 

.08487 

1.0008 

1.1798 

.18198 

.84808 


0 


15 

.53361 

.46639 

1 8740 


1 5849 

1.1824 

.15427 

.84573 


45 


30 

.53730 

,46270 

1.8612 

mSISM 

1.5697 

1.1857 

.15661 

.84339 


30 


45 


.45903 

1.8485 

.64322 

1.5547 

1.1890 

.15896 

.84104 


15 

M 

0 

.64404 


1.6801' 

.84941 

1 8899 

1.1984 

.18188 

.83847 

87 

0 


IS 

.54829 

.45171 

1 8238 

.65563 

1.5253 

1.1958 

.16371 

.83629 

* 

45 


30 

.55194 

.44806 

1.8118 

.66188 

I.SI08 

1.1992 

.16611 

.83389 


30 


45 

.55557 

.44443 

1.7999 

.66818 

1.4966 

1.2027 

.16853 

.83147 


15 

U 

0 

.8I610 

.44001 

1.7888 

.07481 

1.4890 

1.8088 

.17098 

.88904 

D 

0 


15 

.56280 

.43720 

1 7768 

WEMM 

1.4687 

1 2098 

.17341 

.82659 


45 


30 

.56641 

.4335% 

1.7655 

.68728 


1.2134 

.17587 

.62413 

■ 

30 


45 

,57000 

.43000 

1.7544 

.mn 

1.4415 

1.2171 

.17835 

.82165 

Wk 

15 

nm 

0 

.07888 

.41048 

1 7U4 

.70081 

1.4881 

1.8808 

.18088 

.81918 


0 


15 

.57715 

.42285 

1 7327 

.70673 

■ KlMil 

1.2245 

.18336 

.81664 


45 


30 

.58070 

,41930 

1 7220 

.71329 

KmEl 

1.2283 

.18588 

.81412 


30 


45 

.58425 

.41575 

I.7II6 

.71990 

1.3691 

1.2322 

.18643 

.81157 


15 

M 

Ki 

.86779 

.41881 

1.7018 

.78084 

1.8704 

1.8881 

.19098 

.80908 

84 

0 


la 

,59131 

.40869 

1.6912 

.73323 

1 3638 

1.2400 

.19356 

.80644 


45 


ml] 

.59482 

.40518 

1.6812 

,73996 

1.3514 

1 2440 

.19614 

.80386 


30 


la 

.59832 

.40168 

1.6713 

.74673 

1.3392 

1.2480 

.19875 

.80125 


15 

tr 


.60161 



.78888 

1.8870 

1.8881 

.80188 

.79884 

□ 

0 

• 

IS 

.60529 

.39471 

■it' n 


1.3151 

1.2563 

Kiul 

.79600 


45 


30 

.60876 

.39124 

Ik 3 

111;] 

1.3032 

1.2605 


.79335 

■ 

30 


45 

.61222 

.38778 

1.6334 


1.2915 

1.2647 


.79069 

n 

15 

M 

0 

.61006 

.88484 

1 0848 

.78189 

1.8799 

1.8890 

.811H 

.78801 

n 

0 


15 


.38091 

1.6153 

.78834 

1.2685 

1.2734 

.21468 

.78532 


45 


30 

.62251 

.37749 

1.6064 

.79543 

1.2572 

1.2778 

.21739 

.78261 


30 

* 

45 

.62592 

37408 

1.5976 


1.2460 

1.2622 

.22012 

•77988 


15 

n 

0 

.01988 

87068 

1 8890 

.80978 

1.8849 

1.8888 


.77718 

81 

0 


IS 

.63271 

.36729 

Kll 


1.2239 

1.2913 

.22561 

.77439 


45 

* 

30 


.36392 


.82434 

1.2131 

1 2960 

.22838 

.77162 


30 


45 

.63944 

.36056 


.83169 

1.2024 

1.3007 

.23116 

.76884 


15 

40 

0 

.04879 

.88781 

1.8887 

.88910 

1.1918 

1.8084 

.88898 

.74404 

00 

0 


IS 

.64612 

.35388 

1.5477 

.84656 

1.1812 

1.3102 

.23677 

.76323 


45 


30 

Exixl 

.35055 

1.5398 


1.1708 

1.3151 

■F t ■ 

.76041 


30 


45 


.34724 

1.5320 

.86165 

1.1606 

1.3200 

K ;S] 

.75756 


15 

41 

0 

.08600 

.84894 

1.8848 

.80989 

1.1804 

1.8880 

.84889 

.78471 

49 

0 


15 

.65935 

.34065 

1.5166 

.87698 

1.1403 

1.3301 

.24816 

.75184 


45 


30 

.66262 

.33738 

1.5092 

.88472 

1.1303 

1.3352 

.25104 

.74896 


30 


44 

.66588 

.33412 

1.5018 

.89253 

1.1204 

1.3404 

.25394 

.74606* 


15 

40 

0 


.88007 

1.4948 

.90040 

1.1108 

1.8488 

.88888 

.7ttU 

48 

• 


15 

.67237 

.32763 

1.4873 

.90834 

1.1009 

1.3509 

E l 

.74022 


45 


30 

.67559 

.32441 

1.4802 

.91633 

1.0913 

1.3563 

Ellil 

.73728 


30 


45 

.67880 

.32120 

1.4732 

.92439 

1.0818 

1.361<e 

K ; 1 

.73432 


IS 

4S 


.06800 

.81000 

1.4868 

.98881 

1.0784 

1.8878 

.88888 

.78188 

47 

• 



.68518 

.31482 

1.4595 

.94071 

1.0630 

1.3729 

.27163 

.7283/ 


45 



.66835 

.31165 

1.4527 

.94896 

1.0538 

1.3786 

.27463 

.72537 


30 


45 

.69151 

.30849 

1.4461 

.95729 

1.0446 

1.3843 

.27764 

.7223% 


15 

44 

0 

.69406 

.60884 

1.4890 

.98M9 

1.0888 

1.8908 

.888IIM 

.71984 

M 

d 


IS 

.49779 

.30221 

1.4331 

.97416 

1.0205 

1.3961 

,28370 

.71630 


41 


30 

.70091 

.29909 

1.4267 


1.0176 

1.4020 

.28675 

.71325 




*45 

.70401 

.29599 

1.4204 

KnHi 

1.0088 

1.4081 

.28981 

.71019 


ii 

46 


.70711 


1.4148 

.10000 


1.4148 

Bnrm 

.78711 

48 

• 




Venin 

Semat 

Ootan 

Tan 

Coaeo 

Coven 

Sm 

9 

Dm. 

Mbu 


Ftom 46* to 60* nad bom bottom of toUe weardb. 




























































































SNQINBBR8' TABLES 


46->25 


•• LofAxitluDie Ttigonomctric Functloiit 


Dag. 

pM^TTTf 

Coseo 

Veraio 

'rengent 

Coten 


[lEmra 

1 Cosine 

Deg 

0 


+ 

— « 

«o 



hiTiR^IiTiTiTi' 


80 

1 

8.24186 

11.75814 

6.18271 

8.24192 

II.75B0S 

9.99235 

10.00007 

K' ■' r' 

88 

t 

a.S4282 

11.45718 

6.78474 


■Iff rtir 

9.98457 

10.00026 

K' 'i. 

88 

a 

8.71880 

'11.28120 

7.13687 



9.97663 

10.00060 


8T 

4 

8.84138 

11.15642 

7.38667 

8.84464 

11.15536 

9.96860 

10.00106 

9.99894 

88 

a 

8.94080 

11.05970 

7.58ft39 

8.9419S 

mwm-- 

9.96040 

10.00166 

9.99834 

•a 

a 

9.01923 

10.98077 

7.73863 


iLKui. 

9.95205 

10,00239 

9.99761 

aa 

7 

9.08589 

10.91411 

7.87238 

K'Jlil' jC 

10.91086 

9.94356 

10.00325 

9.99675 

as 

a 

9.14356 

10.85644 

7.98820 


10.85220 

9.93492 

10.00425 

9.99575 

as 

• 

9.19433 

10.80567 

8.09032 

9.19971 

10.80029 

9.92612 

10.00538 

9.99462 

u 

10 

9.23967 

10.76033 

8.18162 

9.24632 

10.75368 

9.91717 

10.00665 

9.99335 

ao 

11 

9.28060 

10.71940 

8.26418 


10.71135 

9.90805 

10.00805 

9.99195 

78 

la 

9.31788 

10.68212 

a. 33950 


10.67253 

9.89877 

IQ.00960 

9.99040 

78 

la 

9.35209 

10.64791 

0.40875 


10.63664 

9.88933 

10.01128 

9.98872 

77 

u 

9.38368 

10.61632 

8.47282 

9.39677 

10.60323 

a.87971 

10.01310 

9.98690 

ft 

li 

9.41300 

10.58700 

8.53243 


10.57195 

9.86992 

10.01506 

9:98494 

TS 

10 

9.44034 

10.55966 

8.58814 


10.54250 

9.85996 

10.01716 

9.98284 

74 

IT 

9.46594 

10.53406 

8.64043 

9.48534 

10.51466 

9.84981 

10.01940 

9.98060 

TS 

la 

9.48998 

10.51002 

8.68969 

9.51178 

10.48822 

9.83947 

10.02179 

9.97821 

TS 

la 

9.51264 

10.48736 

8.73625 

9.53697 

10,46303 

9.82694 

10.02433 

9.97567 

71 

ao 

9.53405 

10.46595 

8.78037 


10.43893 

9.81821 

10.02701 


TO 

ai 

9.55433 

10.44567 

8.82230 

9.58418 

10.41582 

9.80729 

10.02985 

KM 

if 

aa 

9.57358 

10.42642 

8.86223 

9.6064! 

10.39359 

9.79615 

10.03263 

9.96717 

at 

as 

9.59188 

10.40812 

8.90034 

9.62785 

10.37215 

9.78481 

10.03597 

9.96403 

07 

aa 

9.60931 

10.39069 

8.93679 

9.64858 

10.35142 

9.77325 

10.03927 

9.96073 

•0 


9.62595 

10.37405 

8.97170 

9.66867 

10.33133 

9.76146 

10.04272 

9.95726 

as 

as 

9.64184 

10.35816 

9.00521 

9.68818 

10.31182 

9.74945 

10.04634 

9.95366 

84 

ar 

9.65705 

10.34295 

9.03740 

9.70717 

10.29263 

9,73720 

10.05012 

9.94988 

88 

as 

9.67161 

10.32839 

9.06638 

9.72567 

10.27433 

9.72471 

10.05407 

9.94593 

88 

at 

9.68557 

10.31443 

9.09823 

9.74375 

10.25625 

9.71197 

10.05818 

9.94182 

81 

so 

9.69897 

10.30103 

9.12702 

9.76144 

10.23856 

9.69897 

10.06247 

9.93753 

80 

Si 

9.71184 

10.28816 

9.15483 

9.77877 

10.22123 

9.68571 

10.06693 

9.93307 

•0 

as 

9.72421 

10.27579 

9.18171 

9.79579 

10.20421 

9.67217 

10.07158 

9.92842 

88 

as 

9.73611 

10.26389 

9.20771 

9.81252 

10.18748 

9.65836 

10.07641 

9.92359 

•7 

S4 

9.74756 

10.25244 

9.23290 

9.82899 

UJUILU 

9.64425 

10.08143 

9.91857 

St 

SO' 

9.75859 

10.24141 

9.25731 

9.84523 

10.15477 

9.62984 

10.08664 

9.91336 

88 

as 

' 9.76922 

10.23078 

9.28099 

9.86126 

10.13874 

9.61512 

10.09204 

9.90796 

84 

a 

9.77946 

10.22054 

9.30398 

9.87711 

■ ini' ' 

9.60008 

10.09765 

9.90235 

88 

aa 

9.78934 

10.21066 

9.32631 

9.89281 

H inli ^ 1 

9.58471 

10.10347 

9.89653 

88 

sa 

9.79887 

10.20113 

9.34802 

9.90837 

1 jfty £ 

9.56900 

10.10950 

9.89050 

■m 

40 

9.80807 

10.19193 

9,36913 

9.92381 

H r 

9:55293 

10.11575 

9.88425 

80 

41 

9.81694 

10.18306 

9.38968 

9.93916 

1 iilii«i» £ ' 

9.53646 

10.12222 

9.87778 

48 

aa 

9.82551 

10.17449 

9.40969 

9.95444 

10.04556 

9.51966 

10.12893 

9,87107 

as 

as 

9.83378 

iO. 16622 

9.42918 

9.96966 

10.03034 

9.50243 

10.13587 

9.86413 

47 

44 

9.84177 

10.15823 

9.44818 

9.98484 


9.48479 

10.14307 

9.85693 

44 

as 

9.84949 

10.15052 

9.46671 

10.00000 


9,46671 

10.15052 

9.84949 

as 


im^sscQiiiii 

Secant 

Covers 



Versin 

Cosee 

Sine 



JVom 45* to 90* road from bottom of table upwards. 
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EN01NEBB8' TABLES 

7. Propnrtie* of ITuiaber* 

DMisMl B«oiYaleatit S^ourei, Cube*, Threo-hslTot Powers, Sauare ftoets. Cube BooM, fifth Kcgsts 
JhecifKoests, CiieaaUtreaet and Arm of Circles 


Number, N 


Fraetionl DedmsI 


1/64 .01 
1/32 .03 
3/64 .04 
1/M 
5/64 
3/32 



13/32 
27/64 
T/M 
29/64 

• 15/32 
31/64 
•1/S 
33/64 
17/32 
35/64 

* S/M 
37/64 .578125 
19/32 .59375 

.60 

39/64 .609375 
8/S 
41/64 
21/32 
43/64 
11/M 


.01196 
.01668 
.01978 
.02441 
.02954 
.08iM 
.040 
.04126 
.04785 
.05493 
.0688 
.07056 
.07910 
.08813 
.090 
.09786 
.10767 
.11816 
.12915 
.16068 
.15259 
.16 

. 16504 
.17796 
.Mill 
.20532 
.21973 
.23462 
.8800 
.26587 
.28223 
.29907 
.81641 
.33423 
.35254 
.3600 
.37134 
.88068 
.41040 
.43066 
.45142 
.47866 
.4900 


77* -n/F 


.381X10“* 
.305X10-* 
I03X10-* 
.844X10-* 
477XI0-* 
.824X10-* 
.00100 I 
.001308 



^ 4 


|Cirole(N«Dlsm) 
I Cireum. I Aree 



.00195 
.00552 
.01015 
.01868 
.02184 
.02871 
.03162 
.03617 
.04419 
.05273 
06176 
.07126 
.08119 
.08944 
.09155 
.10231 
.11347 
.18800 
. 13690 
. 14916 
.16176 
. 16432 
.17469 
. 18796 
.20154 
.21544 
.88964 
.24414 


2 

8.8888 


4. 
4. 
4. 
4. 

3. 
3. 
3. 

7860 I 3. 

8 . 

3. 
2 . 
2 

8 . 

8286 1 2. 
8326 2. 


1.0308 
1.0799 
1.1290 
1.1781 
1.2272 
1.2566 
1.2763 
1.3254 
1.8744 
1.4235 
I.4726 
1.5217 
1.8708 
1.6199 
1.6690 
1.7181 
1.7671. 
1.8162 
1.8653 
^1.8850 
1.9144 
1.9686 
2.0126 
2.0617 
2.1108 
8.1898 
2.1991 



.11048 


.119 
.12566 
.12962 
.13979 
.18088 
. 16126 
.17257 
.18427 
.1M88 
.20881 
.22166 
. 23489 


.26250 
.27688 
.28274 
.29165 
.80680 
.32233 
.33824 
.35454 
.87188 
.38485 
.38829 
.40574 
.42357 
.44170 
.46038 
.47937 
.49874 
.50265 






















































































































































































engineers’ tables 46-27 


T. PropertiM of ntuubom (Cottfmwad) 


N 

W* 

m 

VTf 

8 

VF 

N^li 

6 

■5/3? 

1 

N 

Circle (N ^ Dius.) 

Circun. 

Atm 

t. 

1.125 

1.25 
1.375 

1.5 

1.625 

1.75 

1.375 

S!I25 

2.25 

2.375 

1:625 

2.75 
2vA7S 

а. 

3.125 

3.25 

3.375 

3.5 

3.625 

3.75 

3.875 

4. 

4.125 

4.25 

4.375 

4.5 

4.625 

4.75 

4.875 

1. 

5.125 
5^25 

5.375 

5.5 

5.625 

5.75 

5.875 

8. 

6.125 

6.25 

6.375 

6.5 

6.625 

6.75 

б. 875 

T. 

7.125 

7.25 

7.375 

7.5 

7.625 

7.75 

7.875 

a. 

8.125 

8.25 

8.375 
a.5 
8.625* 

8.75 

8.875 

8. 

9.123 

9.25 

9.375 

9.5 

9.873 

1.0000 

1.2656 

1.5625 
1.8906 

2.25 

2.6406 
3.0625 
3.3156 

4.0000 

4.5156 

5.0^5 

5.6406 

6.2500 

6.6906 

7.5625 

8.2656 

9.0000 

9.7656 

10.5625 

11.3906 

12.2500 

13.1406 
14 0625 
15.0156 

18.0000 

17.0156 

18.0625 

19.1406 

20.2500 

21.3906 

22.5625 

23.7656 

as. 0000 

20.2656 

27.5625 

28.8906 

30.2500 

31.6406 

33.0625 

34.5156 

88.0000 

37.5156 

39.0625 

40.6406 

42.2500 

43.8906 

45.5625 

47.2656 

49.0000 

50 7656 

52 5625 

54.3906 

56.2500 

58.1406 

60.0625 

62.0156 

84.0000 

66.0156 

68.0625 

70.1406 

72.2500 

74.3906 

74.5625 

78.7656 

at. oooo 

83.2656 

85.5625 

87.8906 

90.2500 

97.5156 

1.0000 

1.4238 

1.9531 

2.5996 

i.SJSO 

4.2910 

5.3594 

6.5918 

8.0000 

9.5957 

11.3906 

13.3965 

15.6250 

18.0879 

20.7969 

23.7637 

av.oooo 

30.5176 

34.3281 

38.4434 

42.8750 

47.6348 

52.7344 

58.1856 

84 0000 

70.1895 

76.7656 

83.7402 

91.1250 

98.9317 

107,1719 

115,8574 

IfB.OOOO 

134.6113 

144.7031 

155.2871 

166.3750 
177.9785 
190.1094 
202.7793 

118.0000 

229.7832 

244.1406 

259.0840 

274.6250 

290.7754 

307.5469 

324.9512 

848.0000 

361.7051 

381.0781 

401.1309 

421.8750 

443.3223 

465.4844 

488.3731 

BM.OOQO 

536.3770 

561.5156 

587.4278 

614.1250 

641.6192 

669.9219 

699.0450 

719.7989 

791.4531 

823.9746 

857.3750 
891,6660 
926.8594 

962.9668 

1.0000 

1.0606 

1.1180 

1.1726 

1.2247 

1.2748 

1.3229 

1.3693 

1.4141 

1.4577 

1.5000 
1.5411 

1.5811 

1.6202 

1.6583 

1.6956 

1.T811 

1.7678 

1.8028 

1.8371 

1.8708 

1.9039 

1.9365 

1,9685 

1.0000 

2.0310 

2.0616 

2.0916 

2.1213 

2.1506 

2.1795 

2.2079 

1.1861 

2.2638 

2.2913 

2.3184 

2.3452 

2.3727 

2.3979 

2.4238 

1.4408 

2.4749 

2.5000 
2.5249 

2.5495 

2.5739 

2.5981 

2.6220 

1.8488 

2.6693 

2.6926 

2.7157 

2.7386 

2.7613 

2.7839 

2,8063 

1.8184 

2.8504 

2.8723 

2.0940 

2.9155 

2.9368 

2.9580 

2.9791 

'8 0000 
3.0207 
3.0414 
3.0619 

3.0822 

3.1024 

3.1225 

.3.1425 

1,0000 

1.0400 

1.0772 

1.1120 

1.1447 

1.1757 

1.2051 

1.2331 

I.ISM 

1.2856 

1.3104 

1.3342 

1.3572 

1.3795 

1 4011 
1.4219 

1.4418 

1.4620 

1.4813 

1.5000 

1.5183 

1.5362 

1.5536 

1.5707 

1.8874 

1.6038 

1.6198 

1.6355 

1.6510 

1.6661 

1.6810 

1.6956 

1.7100 

1.7241 

1.7380 

1.7517 

1.7652 

1.7784 

1.7915 

1.8044 

1.8171 

1.8297 

1.8420 

1.8542 

1.8663 

1.8781 

1.8899 

1.9015 

I.OIM 

1.9243 

1.9354 

1.9465 

1.9574 

1.9683 

1.9789 

1.9895 

1.0000 

2.0104 

2.0206 

2.0308 

'2.0408 

2,0508 

2.0606 

2.0704 

1.0801 

2.0897 

2.0992 

2.108? 

2.1179 

2.1272 

2.1363 

2.1454 

1.0000 

>•.1932 

1:3975 

1.6123 

I. 8371 
2.0715 
2.3150 
2.5675 

8.8184 

3.0977 

3.3750 

3.6601 

3.9529 

4.2530 

4.5604 

4.8748 

8.1081 

5.5243 

5.8590 

6.2003 

6.5479 

6.9018 

7.2619 

7.6279 

8.0000 

8.3779 

8.7616 

9.1510 

9.5460 

9.9465 

10.3524 

10.7637 

11.1808 

II. 6022 
12.0293 
12.4614 

12.8987 

13.3409 

13,7880 

14.2400 

14.8060 

15.1586 

15.6250 

16.0961 

16.5718 

17,0522 

17.5370 

18.0264 

18.8108 

19.0186 

19.5212 

20.0283 

20.5396 

21.0552 

21.5751 

22.0992 

81.81T4 

23.1598 

23.6963 

24.2369 

24.7816 

25.3301 

25.8828 

26.4394 

IT.OOOO 

27.5645 

28.1328 

28.7050 

29.2810 

29.8608 

30.4444 

31.0317 

1.0000 

1.0238 

1.0456 

1.0658 

1.0845 
1.1020 
1.1186 
1.1340 

1.1M7 

1.1627 

1.1761 

1.1889 

1.2011 

1.2129 

1.2242 

1.2352 

1.1487 

1.2559 

1.2658 
1.2754 

1.2847 

1.2938 

1.3026 

1.3112 

1.1188 

1,3277 

1.3356 

1.3434 

1.3510 

1.3584 

1.3656 

1.3728 

1.8788 

1.3866 

1.3933 

1.3998 

1.4063 

1.4126 

1.4188 

•1.4250 

1.4810 

1.4369 

1.4427 

1.4484 

1,4542 

1.4596 

1.4651 

1.4705 

1.4788 

1.4810 

1.4862 

1.4913 

1.4963 

1.5012 

1.5061 

1.5110 

1.8187 

1.5204 

1,5251 

1.5297 

1.5342 

1.5387 

1.5431 

1.5475 

1.8818 

1.5561 

1.5604 

1.5646 

1.5687 

1.5728 

1.5769 

1,5809 

1.0000000 

.8888688 

.80000000 

72727272 

.66666666 

.61538462 

.57142857 

.53333333 

.80000000 

.47058823 

,44444444 

.42105263 

. 40i)00000 
.38095231 
.36363636 
.34782609 

.88888888 

.32000000 

.30769231 

.29629629 

.28571429 

.27586207 

.26666666 

.25806452 

.98000000 

.24242424 

.23529412 

.22857143 

.22222222 

.21621622 

.21052632 

.20512821 

.90000000 

.19S12195 

.19047619 

.18604651 

.18181818 
.17777777 
.17391304 
.17071277 

.16886864 

.16326531 
.16000000 
.15686275 

.15384615 

.15094339 

.14814815 

.14545454 

.1698BT14 

.14035088 

.13793103 

.13559322 

.13333333 

.13114754 

.12903226 

.12696413 

.19800000 

.12307692 
.12121212 
.11940298 

.11764706 

.11594203 

.11428571 

.11267605 

.11111111 
.10958904 
.10810811 
.10666666 

.I0S263I6 
.10389610 
.10256410 
.10126582 

8.1416 

3 5343 
3.9270 
4.3197 

4.7124 

5.1051 

5.4978 

5.8905 

0.9889 

6.6759 

7.0686 

7.4613 

7.6540 

6.2467 

8,6394 

9.0321 

0.4848 

9.8175 

10.2102 

10.6029 

10.9956 

11.3863 

11.7810 

12.1737 

19.9064 

12.9591 

13.3518 

13.7445 

14.1372 

14.5299 

14.9226 

15.3153 

18.7060 

16.1006 
16 4933 
16.8860 

17.2787 

17.6714 

18.0641 

18.4568 

18.8408 

19.2422 

19.6349 

20.0276 

20.4203 

20.8130 

21.2057 

21.5964 

91.9911 

22.3838 

22.7765 

23.1692 

23.5619 

23.9546 

24.3473 

24.7400 

98.1897 

25.5254 

25.9181 

26.3108 

26.7035 

27.0962 

27:4889 

27.8816 

99.9748 

28.6670 

29.0597 

29.4524 

29.8451 

30.2378 

30.6305 

11.0232 

0.7884 

.9940 

1.2272 

1.4849 

I. 7671 
2.0739 
2.4053 
2.7612 
8,1816 
3.5466 
3.9761 
4.4301 

4.9087 

5.4119 

5.9396 

6.4918 

7.0686 

7 6699 
8.2958 
8,9462 

9.6211 

10.3206 

11.0447 

II. 7932 

19.8664 

13.3640 

14.1863 

15.0330 

15.9043 

16.8001 

17.7205 

18.6655 

10.8880 

20.6289 

21.6475 

22.6906 

23.7583 

24.8505 

25.9672 

27.1085 

98.9748 

29.46« 

30.67^ 

31.9190 

33.1831 

34.4716 

35.7847 

37.1223 

88.4848 

39.8712 

41.2825 

42.7183 

44.1786 

45.6635 

47.1730 

48.7069 

80,9888 

51.8485 

53.4562 

55.0683 

56.7450 

58.4262 

60.1320 

61.8623 

u.nn 

65.3966 

67.2006 

69.0291 

70.8822 

72,7597 

»:1U! 
























































































































46-28 


ENOINSXKB' TABLES 
7. Propwrtiet of Hwnboro iCorain/ueSi 


N 


JN* 

VTf 

s 

V77 

i/9ta 

t 

V7f 

Im 

N 

Cirole (AT 

•• Dism.) 

Circum. 

Are* 

U 

lOO 

1000 

8.1428 

2.1844 

31.033 

1.8849 

.10000000 

81.4189 

' 7i.J»90 

II 

121 

1331 

3.3166 

2.2240 

36.483 

1.6154 

.09090909 

34.5575 

95.0332 

12 

144 

1728 

3.4641 

2.2694 

41.569 

1 .■6438 

.08333333 

37,6991 

113.0973 

I) 

169 

2197 

3.6U56 

2.3513 

46.873 

1.6703 

.07692308 


132,7323 

14 

196 

2744 

3.7417 

2.4101 

52.384 

1.6953 

.07142857 

43.9823 

153.9380 

15 

225 

3375 

3.8730 

2.4662 

58.095 

1.71,88 

.06666667 

47.1239 

176,7146 

16 

256 

4096 

4.0000 

2.5198 

64.000 

1.7411 

.06250000 

50.2654 

201.0619 

17 

289 

4913 

4.1231 

2.5713 

70.093 

1.7623 

.05882353 

53.4070 

226.9801 

IS 

324 

5832 

4.2426 

2.6207 

76.367 

1.7826 

.05555556 

56.5486 

254.4690 

19 

361 

6859 

4.3589 

2.6684 

62.819 

1.8020 

.05263158 

59.6902 

283.5287 

M 


4000 

4.4921 

2.9144 

80.448 

1.8804 

.06000000 

n.Mis 

814.1898 

21 

441 

9261 

4.5826 

2.7589 

96.235 

1.8384 

.04761905 

65.9734 

346.3606 

22 

484 

10648 

4.6904 

2.8020 

103.19 

1.8SS6 

.04545455 

69.1150 

380.1327 

23 

529 

I2I67 

4.7958 

2.8439 

110.30 

1.8722 

.04347826 

72.2506 

415.4756 

24 

576 

13624 

4.8990 

2.8845 

117.58 

1.8882 

.04166667 

75.3982 

452.3893 

25 

625 

15625 

5.0000 

2.9240 

I2S.00 

1.9037 

.04000000 

78.5398 

490.8739 

26 ' 

676 

17576 

5.0990 

2.9625 

132.57 

1.9186 

.03846154 

81.6813 

530.9292 

27 

729 

19683 

5.1962 

3.0000 

140.30 

1.9332 

.03703704 

84.8229 

572.5553 

2S 

784 

21952 

5.2915 

3.0366 

148.16 

I.9-.73 

.03571429 

87.9645 

615.7322 

29 

641 

24389 

5.3852 

3.0723 

156.17 

1.9610 

.03448276 

91.1061 

660.5198 

M 


27000 

8.4m 

2.1092 

184.33 

1.9744 

.08388883 

94.8497 

708.0888 

31 

961 

29791 

5.5678 

3.1414 

172.60 

1,9873 

.03225806 


754.7676 

32 

1024 

32768 

5.6569 

3.1748 

181.02 

2.0000 

.03125000 


804.2477 

33 

1069 

35937 

5.7446 

3.2075 

189.57 

2.0123 

.03030303 


655.2986 

34 

1156 

39304 

5.8310 

3.2396 

198.25 

2.0244 

.02941176 

106.8141 

907.9203 

35 

1225 

42675 

5.9161 

3.2711 

207.06 

2.0362 

.02857143 

109.9557 

962.1127 

36 

1296 

46656 

6.0000 

3.3019 

216.00 

2.0477 

.02777778 


1017.8760 

37 

1369 

50653 

6.0826 

3.3322 

225.06 

2.0589 

.02702703 

116.2388 

1075.2101 

38 

1444 

54672 

6.1644 

3.3620 

234.25 

2.0699 

.02631579 


1134.1149 

39 

1521 

59319 

6.2450 

3.3912 

243.56 

2.0007 

.02564103 

124.5220 

1194.5906 

40 

1800 

64000 

4.8248 

3.4200 

288.88 

a.c9is 

.08800000 

188.6488 

1888.8871 

41 

1681 

68921 

6.4031 

3.4462 

262.53 

2.1016 

.02439024 


1320.2543 

^2 

1764 

74086 

6.4807 

3.4760 

272.19 

2.1118 

.02360952 


1365.4424 

43 

1849 

79507 

6.5574 

3.5034 

281.97 

2.1218 

.02325381 


1452.20)2 

44 

1936 

85184 

6.6332 

3.5303 

291.86 

2.1315 

.02272727 

E 

1520.5308 

45 

2025 

91125 

6,7082 

3.55t9 

301.87 

2.1411 

.02222222 

ElK^t 

1590.4313 

46 

2116 

97336 

6.7823 

3.5630 

311.99 

2.1506 

.02173913 

144.5131 

1661.9025 

47 

2209 

103823 

6.8557 

3.6068 

322.22 

2.1598 

.02127660 

ETFF^ 

1734.9445 

48 

2304 

110592 

6.9282 

3.6342 

332.55 

2.1609 

.02083333 


1609.5574 

49 

2401 

117649 

7.0000 

3.6593 

343.00 

2.1779 

.02040816 

153.9379 

1885.7410 

ft “ 

mizM 

126000 

T.oni 

3.4840 

383.68 

8.1867 

.08000000 

187.0791 

1988.800 

• 51 

2601 

132651 


3.7084 

364.21 

2.1954 

.01960784 

160.2211 

2042.620 

52 

2704 

140608 

' 1 

3.7325 

374.98 

2.2039 

.01923077 

EThF- ■ 

2123.716 

53 

2809 

148877 


3.7563 

885.85 

2.2124 

.01886792 


2206.183 

54 

2916 

157464 

7.3485 

5.7798 

396.62 

2.2206 

.01851652 

EmF - 


55 

3025 

166375 

7.4162 

3.8030 

407.69 

2.2288 

.01818182 

Eufti 1 i 

2375.829 

56 

3136 

175616 

7.4833 

3.8259 

419.07 

2.2369 

.01785714 

175.9290 

2463.008 

57 

3249 

IB5I93 

7.5498 

3.8485 

430.35 

2.2448 

.01754386 

EFTEmi 

2551.758 

58 

3364 

19SII2 

7.6158 

3.8709 

441.72 

2.2526 

.01724136 


2642.079 

59 

3481 

205379 

7.6811 

3.8930 

453.19 

2.2603 

.01694915 

185.3538 

2733.970 

•0 

MOO 

216000 

T.T46e 

3.0140 

444.76 

3.8678 

.0180S807 

Mi.4984 

1887.488 

61 

3721 

226981 


3.9365 

476.43 

2.2755 

.01639344 


2922.466 

62 

3844 

238328 


3.9579 

488.19 

2.2829 

.01612903 


3019.070 

63 

3969 

250047 


3.9791 

500.05 

2.2902 

.01587302 


3117.245 

ff 

4096 

262144 

8.0000 

4.0000 

512.00 

2.2974 

.01562500 


52r6-.990 

6S 

4225 


8.0623 

4.0207 

524.05 

2 3045 

.01538462 


3318,307 


4356 

287496 

6.1240 

4.0412 

536.19 

2.3116 

.01515132 

207.3449 

3421.194 

67 

4489 

300763 

8.1854 

4.0615 

548.42 

2.3186 

.01492537 

210.4865 

3525.652 

1^ 

4624 

314432 

8.2462 

4.0817 

560.74 

2.3254 

.01470588 


3631. MO 

69 

4761 

328509 

6.3066 

4.1016 

573.16 

2.3522 

.01449275 

214.7697 

3739. »0 

to 

4000 

•42000 

■ .04M 

4.1218 

833.44 

3.8838 

.oimovi 

119.0118 

IMf .Wft 

71 

5041 ' 

357911 

8.4261 

4.1408 

598.26 

2.3456 

.01408451 

223.0529 

3959.191 

72 

5184 

373246 

8.4853 

4.1402 

610.94 

2.3522 

.01388889 

224.1945 


73 

5329 

381017 

8.5440 

4.1793 

623.71 

2.3587 

.01969863 

m.354l 

4ll5.3f6 

>4 

5476 

405224 

6.6023 

4.1983 

496.57 

7.5651 

.01351551 

»2.4777 

4300.159 

li 

M25 

421875 

1.6603 

4.2172 

649.52 

*1.5714 

.01931333 

|3|.6193 

4417.164 

u 

5776 . 

438976 

8.7178 

4.2358 

6(62,55 

2.5777 

.oUlsm 

Ilifoos 

4556,459 


5929 


E ^ 


875.68 

2.J848 

.01298791 

241.9024 

4454,625 




E Jrl 


688.88, 

2.t90t 



4771.961 


6341 

mUimJ 


UuftUI 

782.11 

2.5962 
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, 



■M 

s 

1 

Circle (.N 

N 

2fi , 

VT? 





If 

C'irinim 

•0 

OftOO 

818000 

8.9668 

iiapsi 

T18.86 

1.4011 

.01160000 

181.037 

61 

6561 

531441 

9.0000 

4.3267 

729.00 

2.4082 

.01234568 

254.469 

82* 

6724 

551368 

9.0554 

4.3445 

742.54 

2.4141 

.01219512 

257 610 

83 

6889 

571767 

9.1104 

4.3621 

756,17- 

2.4200 

.01204819 

260.752 

.84 ' 

7056* 

592704 

9.1652 

4.3795 

769.88 

2.4258 

.01190476 

263.894 

85 

7225 

614125 

9.2195 

4.3968 

783.66 

2.4315 

.01176471 

267.055 

86 

7396 

636056 

9.2736 

4.4140 

797.53 

2.4372 

.01162791 

270.177 

87 

7569 

658503 

9.3274 

4.4310 

811.49 

2.4429 

.01149425 

273,3ir 

88 

7744 

68f472 

9.3808 

•4.4480 

825.52 

2.4465 

.01136364 

270.460 

89 

7921 • 

704969 

9.4340 

4.4647 

839.63 

2.4540 

.0(123596 

279.602 

90 

tioo 

719000 

9.6888 

4.6114 

883,83 

S.45M 

.01111111 

m.T48 

91 

8281 

753571 

9.5394 

4.4979 

868.09 

2.4650 

.0109890) 

285.885 

92 

8464. 

778688 

9.5917 

4.5)44 

882.44 

2.4705 

.01086957 

289.026 

93 

8649 

804357 

9.6437 

4,5307 

896.86 

2.4758 

.01075269 

292.168 

94 

8836 

830584 

9.6954 

4.5468 

.911.36 

2.4810 

.01063830 

295.309 

95 

9025 

857375 

9.7468 

4.5629 

9,15.95 

2.4863 

.01052632 

208.451 

96 

9216 

884736 

9.7980 

4.5789 

940.61 

2.4915 

,01041667 

301.593 

9/ 

’9409 

912673 

9.8489 

4.5947 

955.34 

2.4966 

.01030928 

304.734 

96 

9604 

941192 

9.6995 

4.6104 

970.15 

2.5018 

.0I0204J8 

307.876 

99 

9801 

970299 

9.9499 

4.6261 

965.04 

2.5069 

..OIOIQIOI 

311.017 


10000> 

1000000 

10.0000 

6.6616 

1000.0 

1.6119' 

.01000000 

314,150 

101 


1030301 

10.0499 

4.6570 

1015.0 

2.5169 

.00990099 

317.30! 

102 

B \ !i(lB 

1061208 

10.0995 

4.6723 

1030.1 

2.5219 

.00980392 

320.442 

1.05 

B i 'vvM 

1092727 

10.1469 

4.6875 

1045.3 

2.5268 

.00970874 

323.584 

104 

B t ifB 

1124664 

10.1980 

4.7027 

1060.6 

2.5117 

.00961538 

326.725 

lOS 

B IrtU 

1157625 

10.2470 

4.7177 

1075.9 

2.5365 

.00952381 

329 ,.867 

. 106 

11236 

Il9t0l6 

10.2956 

4.7326 

1091.3 

2.5413 

.00943396 

333.009 

107 

11449 

1225043 

10.1441 

4.7475 

1106.8 

2.5461 

.00934579 

336.150 

108 

11664 

1259712 

10.3923 

4.7622 

1122.4 

2.5509 

.00925926 

339.292 

109 

II88I 

1295029 

10.4403 

4.7769 

M38.0 

2.5556 

.0091743) 

342.433 

110 

11100 

1881000 

10.6881 

6.T914 

1188.T 

1.8601 

.00009001 

M5.IT8 

111 

■MU 

1367631 

10.5357 

4.8059 

1169.5 

2.5649 

.00900901 

348.716 

112 


1404928 

10.5830 

4.8203 

1185.3 

2.5695 

.00892857 

351.853 

113 


1442897 

10.6301 

4.8346 

1201.2 

2.5740 

.00884956 

355.000 

114 

12996* 

1481544 

10.6771 

4.8488 

1217.2 

2.5786 

.00877193 

358.141 

115 

13225 

1520875 

10.7238 

4.8629 

1233.2 

2.5831 

.00869565 

361.283 

116 

13456* 

1560896 

10.7703 

4.8770 

1249.4 

2.5876 

.00862069 

364.424 

117 

13689 

1601613 

10.8167 

4.8910 

1265.5 

.2.5920 

.00854701 

367.566 

118 

mtmm 

1643032 

10.8628 

4.9049 

1281.8 

2.5964 

.00847458 

370.708 

119 

■niil 

I685IS9 

10.9087 

4-9187 

1298.1 

2.6008 

.00840336 

373.849 

110 

14600 

1718000 

l«.»86i 

4.9816 


8.6081 

.00818838 

8T6.001 

121 

' 14641 

1771561 

11.0000 

4.9461 

1331.0 

2.6095 

.00826446 

380.132 

122 

14884 

1815848 

11.0454 

4.9597 

1347.5 

2.6138 

.00819672 

383.274 

(23 

I5I29 

1860867 

11.0905 

4.9732 

1364.1 

2.618! 

.0081300$ 

386.4)6 

124 

15376 

1906624. 

11.1355 

4.9866 

1380.8 

2.6223 

.00806452 

389.557 

I25 

15625 

I9SSI25 

11.1603 

5.0000 

1397.5 

2.6265 

.00800000 

392.699 

126 

15876 

2000376 

11.2250 

5.0133 

1414.4 

2.6307 

.0079365) 

395.840 

mrm 

16129 

2048383 

11.2694 

5.0265 

1431.2 

1448.2 

2.6349 

.00787402 

398;962 

128 

16384 

2097152 

11.3137 

5.0397 

2.6390 

.00781250 

402.124 

(29 

16641 

2146689 

11.3578 

5.0528 

1465.2 . 

2.643) 

.00775)94 

405.265 

ISO 

10100 

1107000 

11.4018 

8.0688 

IMS.S 

1.04TS 

.00T8MS1 

408.407 

131 

I7I6I 

2248091 

11.4455 

5.0788 

1499.4 

2.6513 

,00763359 

411.548 

132 ' 

17424 

2299968 

11.4891 

5.09)6 

ISI6.6 

2.6553 

.00757576 

414.690 

133 

17689 

2352637 

11.5326 

5.1045 

1533.8 

2.6593 

.00751880 

417.831 

134 

17956 

2406104 

11.5758 

5.1172 

1551.2 

2.6633 

.00746269 

420.973 

135 

18225 

2460375 

11.6190 

5.1299 

1568.6 

2.6673 

,0074074) 

424.1)5 

(36 

18496 

25(5456 

11.6619 

5.1426 

1586.0 

2.6712 

.00735294 

427.256 

107 

18749 

19044 

257T353 

(1.7047 

5.1551 

1603.6 

2.6751 

.00729927 

430.398 

138 ' 

2620072 

ri.7473 

5,1676' 

1621.1 

2.6790 

.00724638 

433.539 

139 

19321 

2685619 

(1.7898 

5.1801 

1638.8 

2.6829 

.00719424 

936.681 

140 

moo 

8766000 

11.1811 

1.1818 

1186.1 

l.tiOV 


480.818 

(41 

1988f 

280322 r 

11.8743 


1674.3 

2.6906 

.00709220 

442.*944 

t4i 

76164. 

2863288 

(1.9164 

5,2171 

1692.1 

2.6944 

.00704225 

44b* 40b 

143 


2924207 

11.9583 

5.2293 

1710.0 

2.6901 

.00699101 

449.247 

144 

ISS 

2084984 

3048625 


5-.24I5 

5.2536 

1728.0 

1746.0 

2;*7019 

2.7057 

.00694444 

.00689655 

452.389 

455.531 

IJov 

; 2(116 

3M2I36 

[iftM 

5.2656 

1764.1 

2.7094 

.00684932 

458.672 

I47r 

t40'> 

21689 

21004 

3176923 

324(792 

11.4244 

12.1655 

S.2776 

5.2896 


2.7131, 

2.7r68 

.00680272 

.00675676 

461.|I4 

140 

22201 

3307049 

11.2066 

5.3015 


2.7204 

.06671141 

448.097 


■■ Diam.) 


Aiwa 


5152.998 
5281.016 
5410.607 
5541.770 
5674.501 
5808.805 
5944.679 
6082.124 
6221,138 

6861.988 
6503.882 
66^.610 
6792.909 
6919,778 
7088 219 
7238.230 
7389.812 
7542.962 
7097.668 

9888.988 
6011,85 

8171.28 

8332.29 

8494.87 
8659.01 
8824.75 
8992.02 

9160.88 

9331.32 

MOa.88 

9678.89 
9852.05 

10028.75 

10207.03 

10386.89 

10568.32 
10751.31 

10935.88 
11122.02 
11808.9»^ 
11499.01 
71669.86 

11882.29 
12076.28 
12271.84 

12468.98 
12667.68 
12867.96 
13069.81 
itm.ss 
13478.22 

13684.77 
13892.91 
14102.61 

14313.88 
14526.72 
147)1.14 
14957,12 
13(74.67 
IMM.M - 

15614.30 

15836.77 
16060.60. 
}6286.01 

16512.99 
(6761.54 

1697>,«7 

I72«>:M 

17456.iM 
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7. -Propertief «f Humbert iContinued^ 


N 



Vn 



6 

, Vat 

1 

nrcie (N - Dieni,) 

■P| 

A* 

Circum. 

Area 

IM 

MOOO 

8678000 

11.14T4 

8.8111 

1817.1 

l'.T141 

.ooieooiV 

471.119 

17171.41 

151 

152 
133 

22601 

23104 

23409 

3442951 

3511608 

3581577 

12.2882 

12.3288 

12.3693 

5.3251 

5,3368 

5.3485 

1855.5 
1874.0 

1892.5 

2.7277 

2.7314 

2.7349 

.00662252 

.00657895 

.00653595 

474'. 380 
477,522 
460.663 

17907.86 

18145.84 

18385.38 

154 

155 

156 

23716 

24025 

24336 

3652264 

3723875 

3796416 

12.4097 

12.4499 

12.4900 

5.3601 

5.3717 

5.3832 

1911.1 

1929.7 

1948.4 

2.7385 

2.7420 

2.7455 

.00649351 

.00645161 

.00641026 

463,805 

486.946 

490.088 

18621.50 

18869.19 

19113.45 

tS7 

156 

159 

24649 

24964 

25281 

3869693 

3944312 

4019679 

12,5300 

12.5698 

12.6095 

5.3947 

5.4061 

5.4175 

1967.2 

1986.0 

2004.9 

2.7490 

2.7525 

2.7360 

.00636943 

.00632911 

.00628931 

493.230 

496.371 

499.513 

19359.18 

19606.68 

19855.65 

ito 

16600 

4090000 

11.6401 

8.U88 

1081.9 

l.TSM 

,00616000 

008.004 

80100.10 

161 
162 ' 
163 

25921 

26244 

26569 

4173261 

4251528, 

4330747 

12.6886 

12.7279 

12.7671 

5.4401 

5.4514 

5.4626 

2042.9 
2061 9 
2081.0 

2.7629 

2.7663 

2.7697 

00621118 

00617284 

.00613497 

505.796 

508.938 

312.079 

20358.30 

20611.99 

20867.24 

164 

165 

166 

26696 

27225 

27556 

4410944 

4492125 

4574296 

12.8062 

12.6452 

12.8841 

5.4737 

5.4848 

5.4959 

2100.2 
ZM9 5 
2138.8 

2.7731 

2.7765 

2.7799 

.00609756 

.00606061 

.00602410 

515.221 

518.362 

521.504 

21124.06 

21382.46 

21642.43 

167 

166 

169 

27669 

26224 

26561 

4657463 

4741632 

4826809 

12.9228 

12.9615 

13 ..0000 

5 5069 
5.5178 
5.5288 

2158.1 

2177.5 

2197.0 

2 7832 
2.7865 
2.7898 

.00598802 

.00595238 

.00591716 

524.646 

527.787 

530.929 

21903.91 
22167.07 
22431.75 

Iftt 

t0900 

4018000 

11.0884 

8.6197 

1118.8 

8.7861 

.00118111 

•14.070 

SMOl.dO 

171 

172 

173 

29241 

29564 

29929 

5000211 

5086446 

5177717 

13.0767 

13.1149 

13.1529 

1 

2236.1 

2255.8 

2275.5 

2.7964 

2 7997 
2.6029 

00584795 

.00581395 

00578035 

537.212 

540.353 

543.495 

22965.82 

23235.21 

23506.18 

174 

175 

176 

30276 
30625 , 
30976 

5268024 

5359375 

5451776 

13.1909 

13.2288 

13.2665 


2295.2 

2315.0 

2334.9 

2.8061 

2.8094 

2.8126 

.00574713 

.00571429 

.00568182 

546.637 

549.778 

552.920 

23778.71 
24052.81 
24328.4f 

177 

176 

179 

31329 

31664 

32041 

5545233 

5639752 

5735339 

13.3041 

13.3417 

13.3791 

5.6147 

5.6252 

5.6357 

2354.8 

2374.8 

2394.9 

2.8158 

2 8189 
Z.822I 

.00564972 

.00561798 

.00556659 

556.061 

559.203 

562.345 

24605.73 

24884.55 

25164.94 

UO 

61600 


16.4164 

8.8481 

1418.0 

1.8161 

.006MM6 

M1.4M 

18146.90 

161 

162 

163 

32761 

33124 

33469 

5929741 

6028568 

6128487 

13.4536 

13.4907 

13.5277 

5.6567 

5.6671 

5.6774 

2435.1 

2455.3 

2475.6 

2.8284 

2.6315 

2.8346 

.00532486 

.00549451 

.100546448 

568.628 

571.769 

574.911 

25730.42 

26015.52 

26302.19 

164 

165 

166 

33656 

34225 

34396 

6229504 

6331625 

6434856 

13.5647 

13.6015 

13.6382 

5.6877 

5.6980 

5.7083 

2495.9 

2516.3 

2536.7 

2,8377 

2.8408 

2.6438 

.00543478 

00540541 

.00537634 

578,053 
581.194 
584.336 

26590,43 

26880.25 

27171.63 

167 

166 

169 

34969 

35344 

35721 

6539203 

6644672 

6751269 

13.6748 

13.7113 

13.7477 

5.7185 

5.7287 

5.7388 

2557.2 
2577.7 

2598.3 

2 8469 
2.8499 
;t.8529 

.00534759 

.00531915 

.00529101 

587.477 

590.619 

593.761 

27464.58 

27759.11 

28055.20 

ito 

•6100 

•••9000 

11,7840 

8.7488 

1818.0 

1.8660 

.00816111 

no .101 

81881.87 

'191 

192 

193 

36461 

36864 

37249 

6967671 

7077888 

7169057 

13.8203 

13.8564 

13.8924 

5.7590 

5.7690 

5.7790 

2639.7 

2660.4 

2681.2 

2.8590 

2.8619 

2.8649 

.00523560 
.00520833 
.00518135 

600.044 

603.185 

606.327 

28652.19 

28952,91 

29255,29 

194 

195 

196 

376H 

36025 

36416 

7301364 

7414675 

7529536 

13.9284 

13.9642 

14.0000 

5.7890 

5.7969 

5.8088 

2702.1 
2723.0 
2744.0 

2.8679 

2.8708 

2.8738 

.00515464 

.00512821 

.00510204 

609.468 

612.610 

615.752 

29559.24 

29864.71 

30171,83 

197 

196 

199 

38609• 
39204 
39601 

7645373 

7762392 

7880599 

14.0357 

14.0712 

14.1067 

5.8186 

5.8265 

5.8363 

2765.0 

2786.1 

2807.2 

2.8767 

2.8796 

2.8825 

.00507614 

.00505051 

.00502513 

618.893 

622.035 

625.176 

30480.51 

30790,74 

31102,55 

MO 

40000 

8000000 

U.lttl' 

8.8480 


I.ISM 

.00800000 

618.818 

81111.M 

201 

802 

203 

40401 

40804 

41209 

8120601 

8242408 

8365427 

14.1774 

14.2127 

14.2476 

5.8578 

5 8675 
5.8771 

2849.7 

2871.0 

2892.3 

2.8883 

2.8911 

2.8940 

.00497512 

.00495050 

.00492611 

631.460 

634.601 

637.743 

31730.87 

32047.39 

32365.47 

204 

205 

206 

41616 

42025 

42436 

6489664 

6615125 

8741816 

14.2829 

14.3178 

14.3527 

5.8868 

5 6964 
5.9059 

2913.7 
2935.2 

2956.7 

2.8968 

2.6997 

2.9025 

.00490196 

.00487805 

.00485437 

640.884 

644.026 

647.168 

32115.13 
33001.31 
33329.11 

207' 

206 

209 

42849 

43264 

43661 

6669743 

6998912 

9129329 

14.3875 

14.4222 

14.4566 

5.9155 

5.9250 

5.9345 

2978.2 

2999.8 

3021.5 

2.9053 

2.9081 

2.9109 

.00483092 

.00480769 

.00478469 

650:309 

653.451 

656.592 

3315L 53 
33979147 
34301.91 

•10 

64100 


14.4814 

8.8419 

•041.8 

t.iiir 

.ooiniio 

•80.714 

Mill. 06 


4452 F 

9393931 

9528128 

9663597 

14.5256 

14.5602 

14.5945 

5.9533 

5.9627 

5.9721 

■ 

2.9165 

2.9192 

2.9220 

.00473934 

.00471698 

.00469484 

662,875 

666.017 

669.159 

34916.71 

35291.94 

35632.73 

-» 

45796 

46225 

46656 

9800344 

9938375 

10077696 

14.6287 

14.6629 

14.6969 

5.9814 

5.9907 

6.0000 

3130.6 

3152.5 

3174.5 

2.9247 

2.9274 

2.9302 

00467290 

.00415116 

.00462963 

172,300 

skills 

35918,09 

31305.03 

31143.54 


47069 

47324 

47961 

1021M13 

40360232 

10503459 

14.7309 
' 14.7646 
14.7966 

6.0092., 

6.0185 

6.0277 

3196.6 

§2ll,l 

3240.9 

2.9329 

.00460829 

.00458716 

.00456621 

181.725 
184,€67 
188.008 

IHSli 

i71l6.4i 
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7. Propwtict irf IFnaibsn (.Continuei) 





4t4M 

48641 

49284 

49729 

50176 

50625 

51076 

51529 

51984 

52441 

88000 

55361 

55824 

54289 

54756 

55225 

55696 

56169 

56644 

57121 

87000 

58081 

58564 

59049 

59536 

60025 

60516 

61009 

61504 

62001 

08800 

65001 

63504 

64009 

64516 

65025 

65536 

66049 

66564 

67061 

07800 


68121 

68644 

69169 

69696 

70225 

70756 

71289 

71824 

72361 

TtOOO 

73441 

73984 

74529 

75076 

75625 

76176 

76729 

77284 

77841 

78400 

78MI 

79524 

80089 




10793861 
10941048 
11089567 
11239424 
II-J90625 
11543176 
11697083 
11852352 
12008989 
|i8167000 
12326391 
12487168 
{12649337 

12812904 
12977875 
113144256 

13312053 

13481272 

13651919 

58884000 

13997521 

14172488 

14348907 

14526784 

14706125 

14886936 

15069223 

15252992 

15438249 



81225 
, 81706 



5639905 


U.8SU 

14.8661 

14.8997 

14.9332 

14.9666 

15.0000 

15.0333 

15.0665 

15.0997 

15.1327 

10.1888 

15.1987 

15.2315 

15.2643 

15.2971 

15.3297 

15.3623 

15.3948 

15.4272 

15.4596 

18.4818 

15.5242 

15.5563 

15.5885 

15.6205 

15.6525 

15.6844 

15.7162 

15.7460 

15.7797 

18,0114 

15.8430 

15.8745 

15.9060 

15.9374 

15.9687 

16.0000 

16.0312 

16.0624 

16.0935 

18.2848 

16.1555 

16.1864 

16.2173 

16.2481 

16.2788 

16,3095 

16.3401 

16.3707 

16.4012 

18.4S1T 

16.4621 

16.4924 

16.5227 

16.5529 

16.5831 

16.6132 

16.6433 

16.6733 

16.7033 

18.TSSI 

16.7631 

16.7929 

16.8226 

16.8523 

14.8819 

16.9113 

16.9411 

16.9786 

17.0000 


8.0888 

6.0459 

6.0550 

6.0641 

6.0732 

6.0822 

6.0912 


6.1889 

6.1358 

6.1446 

6,1534 

6.1622 

6.1710 

6.1797 

6.1885 

6.1972 

6.2058 

6.8148 

6.2231 

6.2317 

6.2403 

6.2488 

6.2573 

6.2638 

6.2743 

6.2828 

6.2912 

8.8906 


6.3330 

6.3413 

6.3496 


8.S8U 

6.3907 

6.3988 

6.4070 

6.4151 

6.4232 

6.4312 

6.4393 

6.4473 

6,4553 


6.4713 

6.4792 

6.4872 

6.4951 

6.5030 

6.5108 

6.5187 

6.5265 

6.5343 


jV»/a 

6 

Vn 

8188.1 

8.9408 

3285.4 

3307.7 

3330.1 

2.9436 

2.9463 

2.9489 

3352.5 
3375.0 

3397.5 

2.9516 

2.9542 

2.9566 

3420.1 

3442.7 

3465.4 

2.9594 

2.9620 

2.9646 

84U.1 


3510.9 

3533.7 

3556.6 

2.9698 

2.9723 

2.9749 

3579.5 

3602.5 

3625.5 

2.9774 

2.9800 

2.9825 

3648.6 

3671.7 

3694.8 

2.9850 

2.9975 

2.9900 

8T18.0 

SJlIliJ 

3741.3 

3764.6 

3788.0 

2.9950 

2.9975 

3.0000 

3811.4 
3834.9 

3858.4 

3.0025 

3.0049 

3.0074 

3681.9 

3905.5 

‘3929.2 

3.0098 

3.0122 

3.0147 



Cifelft Qi m Dj&m.) 


Circa m. 


3.0195 

3.0219 

3.0243 

3.0267 

3.0291 

3.0314 

3.0338 

3.0362 

3.0385 


3.0432 
3.0455 
3.0478 
3.0501 
4313.9 I 3.0524 
3.0547 
3.0570 
3.0593 
3.0616 


4461.2 3.0662 

4485.9 3.0684 

4510.7 3.0707 

4535.5 3.0729 

4560.4 3.0752 

4585.3 3.0774 

46f0.2 3.0796 

4635.2 3.0618 

4660.2 3.0840 



4710.4 

4735.6 
4760.8 
4786.0 
4811.3 

4836.7 
4862.r 

4887.5 
<»i3.0 


3.0885 
3.0907 
3.0928 
3.0950 
3.0972 
3.0994 
3.f015 
3.1037 
3.1050 


.ooioua 

.00452489 

.00450450 

.00448430 

.00446429 

.00444444 

.00442478 

.00440529 

.00438596 

.00436681 

.00684788 

.00432900 

.00431034 

.00429185 

.00427350 

.00425532 

.00423729 

.00421941 

.00420168 

.00418410 

.00418867 

.00414938 

.00413223 

.00411523 

.00409836 

.00408163 

.00406504 

.00404858 

.00403226 

.00401606 

.00400000 

.00398406 

.00396825 

.00395257 

.00393701 

.00392157 

.00390625 

.00389105 

.00387597 

.00386100 

.00884818 

.00383142 

.00381679 

.00380228 

.00378788 

.00377358 

.00375940 

.00374532 

.00373134 

.00171747 

.00870870 

.00369004 

.00367647 

.00366300 

.00364964 

.00363836 

.00362319 

.00361011 

.00359712 

.00358423 


.00353572 

.00354610 

.00353357 

.00352113 

^350877 

.00349650 

.00348432 

.00347232 

.00346021 


Ml.110 
694.291 
697.433 
700.575 
703.716 
706.858 
709.999 
7I3J41 
716.283 
719.424 
TOO.088 
725.707 
728.849 
731.990 
735.132 
738.274 
741.415 
744.557 
747.698 
750.840 
T8S.00I 
757.123 
760.265 
763.406 
766.548 
769-. 690 
772.831 
775.973 
779.114 
782.256 
TOO.098 
788.539 
791.681 
,794.822 
797.964 
801,105 
804.247 
807.389 
810.530 
813.672 
018.018 
819.955 
823.097 
826.238 
829.380 
832.521 
835.663 
838.805 
841.946 
845.088 
040.0M 
851.371 
854.512 
857.654 
860.796 
863.937 
867.079 

870.220 

873.362 

876.504 

OTO.OM 

882.707 

885.928 

889.070 

892.212 

891,353 

898.493 

904.778 

907,920 


StOlt.ff 

38359.63 
38707.56 
39057.07 

39408.14 

39760.78 
40115.00 

40470.78 

40628.14 
41187.02 
4184T.08 

41909.63 
42273.27 

42630.48 
43005.26 
43373.61 

43743.54 
44115.03 
44488.09 

44063.73 
WSSt.98 

45616.71 
45996.06 
46376.98 

46759.47 

47143.52 
47529.16 
47916.36 
48303.13 

48695.47 
MOST.OO 

49480.87 
49875.92 

50272.55 

50670.75 

51070.52 
51471.85 

51874.76 

52279.24 
52685.29 

68098.81 

53502.11 

55912.87 
54325.21 

54739.11 
55154.39 

55571.63 

55990.25 
56410.44 
56832.20 

87888.88 
57680.43 
58106.90 
58534.94 

58964.55 

59395.74 

59828.49 

60262.82 

60698.71 
61136.18 


62813.82 

62458.81 

62901.78 

63347.17 
63793.97 
64241.43 
84692.« 

63597.14 
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7. PropMtiM of Hombort 



Cto c te Q/ m Diiun.) 


CiroiulB. 



C.CIU 

6.6267 

6.6343 

6.6419 

6.6494 

«.«S69 

6.6644 

6.6719 

6.6794 

6.6669 

6.6668 

6.7018 

6.7092 

6.7166 

6.7240 

6.7313 

6.7387 

6.7460 

6.7533 

6.7606 

6.T676 

6.7752 

6.7824 

6.7897 

6.7969 

6.8041 

6.8113 

6.8185 

6.8256 

6.8328 

6.8898 

6.8470 

6.8541 

6.8612 

6.8683 

6.8753 

6.8824 

6.8894 

6.8964 

6.9034 

8.8104 

6.9174 

6.9244 

6.9313 

6.9382 

6.9451 

6.9521 

6.9589 

6.9658 

6.9727 

6.9T9f 

6.9864 

6.9932 

7.0000 

7.0068 

7.0136 

7.0203 

7.0271 

7.0338 

7.0406 

T.047S 

7.0540 

7.0607 

7.0674 

7.0740 

7.0807 

7.0873 

7.09^ 

7.1006 

7.1072 


4Mt.f 

4964.f 

4989.7 

5015.4 

5041.1 

5066.8 

5092.6 

5118.4 
5144.3 

5170.2 

8198.8 

5222.2 

5248.2 

5274.3 

5300.4 

5326.6 

5352.8 
5379.1 

5405.4 

5431.7 


8.1080 


101 

125 

144 

165 

186 

207 

228 

249 

270 


3.1312 
3.1333 
3.1354 
3.1374 
3.1395 
3.1416 
3.1436 
3.1456 
3.1477 


5484.5 3. 

5511.0 3. 

5537.5 3. 

5564.1 3. 

5590.7 3. 

5617.3 3. 

5644.0 3. 

5670 7 3.1658 

5697.5 3. 


5751.2 3. 

5778.1 3. 

5805.0 3. 

5832.0 3. 

5859.0 3. 

5886.1 3. 

5913.2 3. 

5940.3 3.1855 

5967.5 3. 


6022.0 

6049.3 

6076.7 

6104.1 

6131.5 
6159.0 

6186.5 

6214.1 

6241.7 
8869.0 
6297.0 

6324.7 

6352.4 

6360.2 
6408.I 
6436.0 

6463.9 

6491.9 

6519.9 



3.1913 

3.1932 

3.1951 

3.1970 

3.1989 

3.2009 

3.2028 

3.2047 

3.2066 


3.2103 

3.2122 

3.2141 

3.2160 

3.2178 

3.2197 

3.2216 

3.2234 

3.2253 

O.OSTl 

3.2289 

3.2508 

3.2326 

3.234S 

3.2363 

3.2381 

3.2399 

3.2417 

3.2435 


.00343643 

.00342466 

.00341297 

.00340136 

.00338983 

.00337836 

.00336700 

.00335570 

.00334448 

.00888888 

.00332226 

.00331126 

.00330033 

.00328947 

.00327869 

.00326797 

.00325733 

.00324675 

.00323625 

.00888881 

.00321543 

.00320513 

.00319489 

.00318471 

.00317460 

.00316456 

.00315457 

.00314465 

.00313480 

.00818800 

.50311326 

.00310559 

.00309598 

.00308642 

.00307692 

.00306748 

.00305810 

.00304878 

.00303951 


.00302115 

.00301205 

.00300300 

.00299401 

.00298507 

.00297619 

.00296736 

.00295858 

.00294985 

.08884118 

.00293255] 

.00292398 

.00291545 

.00296698' 

.00289855 

.00289817 

,00288184 

.00287336 

.00286533 



.80282488 
.00281698 
.00280899 


fll.Ml 

914.203 

917.344 

920.486 
923.627 
926.769 
979.911 
933.052 
936.194 
939.335 

848.on 

945.619 
948.760 
951.902 
955.043 
9<i8.i8S 
961.327 
964.463 
967.610 
970.751 
878.888 
977.034 
980.176 
983.318 
986,459 
989.601 
992.742 
995.884 
999.026 
1002.167 
1008.808 
1008.450 
1011.392 
1014.734 
1017.875 
1021.017 
1024.158 
102^:300 
1030.442 
1033.583 
1088.788 
1039.866 
1043.008 
1046.149 
1049.291 
1052.433 
1055.574 
1058.716 
1061.857 
1064.999 
108p.l41 
1071.282 
1074.424 
1077.565 
1080.707 
1083.849 
1088.990 
1090.132 
1093,273 
1096.415 
loit.fir 
1102.698 
1105.840 
1108.981 
1112.123 
1115.264 

1118.486 

1121.548 
I 1124.689 
I 1127.831 


•8881.89 

66508.30 

66966.19 

67425.65 
67886.68 

66349.28 

68813.45 

69279.19 

69746.30 
70215.38 

70888.88 
71157.86 

71631.45 
72106.62 
72583.36 

73061.66 
73541,54 
74022.99 
74506.01 

74990.60 
78478.78 
75964.50 

76453.80 

76944.67 

77437.12 

77931.13 
78426.72 

78923.88 

79422.60 
79922.90 

•0U4.77 

80928.21 

81433.22 

81939.80 

82447.96 

82957.68 

83468.97 
83981.84 

84496.28 

85012.28 


86049.01 

86569.73 
87092.02 

87615.88 

88141.31 

88668.31 

89196.88 
89727.03 

90258.74 
•Offt.OS 

91328.88 

91863.31 

92481.31 

92948.88 
93483.02 
94024.h 
94569.01 
95114.86 

. 95663.28 
fISU.M 
96781.84 
97518.97 
97867.68 
98421.96 

98979.88 
99538;28 

.59'fl 
181322.^ 






























































































361 

362 

363 

364 
363 

366 

367 

368 

369 

no 

371 

372 

373 

374 

375 

376 

377 

378 

379 
880 
361 

382 

383 

384 

385 

386 

387 

388 

389 
800 

391 

392 

393 

394 

395 

396 

397 
396 

399 

400 

401 

402 

403 

404 

405 

406 

407 

408 

409 

<10 

411 

412 

413 

414 

415 

416 

417 

418 

419 


421 

422 

423 
434 

425 

426 

427 

428 

429 


^nqinberb^ ^jmm 45^ 


PropsrtiM of XhunlMm 


s* 

8?* 


1 

\rs 


6 

1 

N 

(Citfih If m Dianu)'' 

Cireum. 

Ana 

180000 

'130321 

131044 

131769 

132496 

133225 

133956 

134689 

135424 

136161 

180000 

137641 

136364 

139129 

139876 

140625 

141376 

142129 

142864 

143641 

164400 

I45I6I 

145924 

140689 

147456 

148225 

148996 

149769 

IS0544 

ISI32I 

188100 

I528SI 

153664 

154449 

155236 

156025 

156816 

157609 

158404 

159201 
160000- 
160801 
161604 
162409 
163216 
164025 
164836 
165649 
166464 
167281 
108100 
168921 
169744 
170569 
171396 
172225 
173056 
173889 
174724 
175561 

imoo 

177241 

178084 

178929 

179776 

1M62S 

1«476 

60006000 

47045881 

47437928 
47832147 
48228544 
48627125 
49027896 
49430863 
49836032 
50243409 
BOfiSOOO 
51064811 
51478848 
51895117 
52313624 
52734375 
53157376 
53582633 
S40I0I52 
54439939 
£6870000 
55306341 
55742968 
56181687 
56623104 
57066625 
57512456 
57960603 
58411072 
58863869 
69810000 
59776471 
O0236288 
60698457 
61162984 
61629875 
62099136 
62570773 
63044792 
63521199 
64000000 
64481201 
64964808 
65450827 
65939264 
66430125 
66923416 
67419143 
67917312 
6841.7929 
80081000 
69426531 
69934528 
70444997 
70957944 
71473373 
71991296 
72511713 
73034632 
73560059 
T4080000 
74618461 
73ISI448 
75686967 

76225024 

76765625 

77308776 

77854483 

78402752 

78953589 

a.vm 

19.0000 

19.0263 

19.0526 

19.0788 

19.1050 

19.1311 

19.1572 

19.1833 

19.2094 

10.0884 

19.2614 

19.2873 

19.3132 

19.3391 

19.3649 

19.3907 

19.4165 

19.4422 

19.4679 

10.4086 

19.5192 

19.5448 

19.5704 

19.5959 

19.6214 

19.6469 

19.6723 

19.6977 

19.7231 

10.7484 

19.7737 

19.7990 

19.8242 

19.8494 

19.8746 

19.6997 

19.9249 

19.9499 

19.9750 

00.0000 

20.0250 

20.0499 

20.0749 

20.0998 

20.1246 

20.1494 

20.1742 

20.1990 

20.2237 

00.8480 

20.2731 

20.2978 

20.3224 

20.3470 

20.3713 

20.3961 

20.4206 

20.4450 

20.4695 

00.4080 

20.5183 

20.5426 

20.5670 

20.5913 

20.6155 

20.6398 

20.6640 

20.6882 

20.7123 

7.1180 

7.1204 

7.1269 

7.1335 

7.1400 

7.1466 

7.1531 

7.1596 

7.1661 

7.1726 

7.1701 

7.1855 

7.1920 

7.1984 

7.2048 

7.2112 

7.2177 

7.2240 

7.2304 

7.2368 

T.S4SS 

7.2495 

7.2558 

7.2622 

7.2685 

7.2748 

7.2811 

7.2874 

7.2936 

7.2999 

7.8081 

7.3124 

7.31'fc6 

7.3248 

7.3310 

7.3372 

7.3434 

7.3496 

7.3358 

7.3619 

7.3681 

7.3742 

7.3803 

7.3864 

7.3925 

7.3986 

7.4047 

7.4108 

7.4169 

7.4229 

7.4800 

7.4350 

7.4410 

7.4470 

7.4530 

7.4590 

7.4630 

7.4710 

7.4770 

7,4629 

7.4880 

7.4948 

7.5007 

7.5067 

7.5126 

7.5185 

7.5244 

7.5302 

7.5361 

7.5420 

•080.8 

6859.0 

6887.5 

6916.1 

6944.7 

6973.3 
7001,0 

7030.7 

7059.5 

7088.3 
TllT.l 
7146.0 

7174.9 

7203.9 

7232.8 

7261.6 

7290.9 
7320.0 

7349.2 

7378.4 
T407.8 

7436.8 

7466.1 

7495.4 

7524.8 

7554.2 

7583.7 

7613.2 

7642.7 

7672.3 
7701.0 

7731.5 

7761.2 

7790.9 

7820.7 

7850.5 

7880.3 
7910.2 

7940.1 
7970.0 
8000.0 
8030.0 

8061.1 

8090.2 

8120.3 

8150.5 

8180.7 

8210.9 

6241.2 

8271.5 
8801.0 

8332.3 

6362.7 

8393.2 

8423.7 

8434.2 

8484.6 

8515.4 

8546.0 

8576.7 

8807.4 

8638.2 

8669.0 

6699.8 

8730.7 

8761.6 

8792.5 

8823.5 

8854.5 

8885.6 

8.8600 

3.2471 

3.2489 

3.2507 

3.2525 

3.2543 

3.2561 

3.2579 

3.2597 

3.2614 

8.8088 

3.2650 

3.2668 

3.2685 

3.2702 

3.2719 

3.2737 

3.2754 

3.2772 

3.2789 

8.8807 

3.2824 

3.2841 

3.2858 

3.2875 

3.2892 

3.2909 

3.2926 

3.2943 

3.2960 

8.8977 

3.2994 

3.3011 

3.3028 

3.3045 

3.3061 

3.3078 

3.3095 

3.3111 

3.3128 

S.SIU 

3,3161 

3.3178 

3.3194 

3.3211 

3.3227 

3.3243 

3.3260 

3.3276 

3.3292 

0.SSO8 

3.3325 

3.3341 

3.335/ 

3.3373 

3.3390 

3.3406 

3.3422 

3.3438 

3.3454 

8.8470 

3.3485 

3.3501 

3.3517 

3.3533 

3.3559 

3.3564 

3.3580 

3.3596 

3.3612 

.00877770 

00277008 

00276243 

00275482 

.00274725 

.00273973 

.00273214 

.00272480 

.00271739 

.00271003 

.00870870 

.00269542 

.00268817 

.00268097 

.00267380 

.00266667 

.00265957 

.00265252 

.00264550 

.00263852 

.00868166 

.00262467 

.00261760 

.00261097 

.00260417 

.00259740 

.00259067 

.00258398 

.00257732 

.00257069 

.00806410 

.00255754 

.00255102 

.00254453 

.00253807 

.00253165 

.00252525 

.00251889 

.00251256 

.00250627 

.00860000 

.00249377 

.00248756 

.00248139 

.00247525 

.00246914 

.00246305 

.00245700 

.00245096 

.00244499 

.00848901 

.00243309 

.00242716 

.00242131 

.00241546 

.00240964 

.00240385 

.00239806 

.00239234 

.00238663 

.00888006 

.00237530 

.00236967 

.00236407 

.00235849 

.00235294 

.00234742 

.00234192 

.00233649 

.80233100 

1180.0981 

1134.114 

1137.256 

1140.397 

1143.539 

1146.680 

1149.822 

1152.964 

1156.105 

1159.247 

1108.808 

1165.530 

1168.671 

1171.813 

1174.955 

1178.096 

1181.238 

1184.379 

1187.521 

1190.663 

1198.804 

1196.946 

1200.087 

1203.229 

1206.371 

1209.512 

1212.654 

1215.795 

1218.937 

1222.079 

1886.880 

1228.362 

1231.503 

1234.645 

1237.786 

1240.928 

1244.070 

1247.211 

1250.353 

1253.494 

1806.080 

1259.778 

1262.919 

1266.061 

1269.202 

1272.344 

1275.486 

1278.627 

1281.769 

1284.910 

1888.008 

1291.193 

1294.335 

1297.477 

1300.618 

1303.760 

1306.901 

1310.043 

1313.185 

1316.326 

Ulf.iCt 

1322.609 

1325.751 

1328.693 

1332.034 

1335,176 

1336.317 

1341.459 

1344.601 

1547.742 

LOlTn.OO 

102353.87 

02921.72 

103491.13 

104062,11 

104634.67 

105208.80 

105784.49 
106361.76 
106940.60 
10T881.01 
108102.99 

108686.54 

109271.66 

109858.35 

110446.62 

111036.45 

111627.86 
112220.83 

112815.36 

118411.40 

114009.18 

114608.44 
115209.27 

115811.67 
116415.64 

117021.18 
117628.30 
118236.98 

118847.24 
110460.00 

120072.44 

120687.42 
121303.96 
121922.07 

122541.75 
123163.00 
123785.82 
124410.21 
125036.17 
110088.71 

126292.81 
126923.48 

127555.73 
128189.5s 
128824.93 
129461.69 

130100.42 
130740.52 

131382.19 

108008.41 

132670.24 

133316.63 

133964.50 

134614.10 

135265.20 

135917.86 

136572.10 

137227.91 

137885.29 
IMSU.M 

139204.76 
139866.85 

140530.51 

141195.74 

141862.54 

142530.92 
143200.06 

143072.30 

144545.46 



























































































































45-34 


ENGINEEBS’ TABIiES 


7* Propertiea of ITinl&boro (Contiwuedi 



y* I Vn 







S 

I857«l\ 

186624 

187489 

188356 

189225 

190096 

190969 

191844 

192721 

108800 

194481 

195364 

196249 

197136 

198025 

198916 

199809 

200704 

201601 

amoo 

203401 

204304 

205209 

206116 

207025 

207936 

208849 

209764 

210681 

tuooo 

212521 

213444 

214369 

215296 

216225 

217156 

218089 

219024 

219961 

880900 

221841 

222784 

223729 

224676 

225625 

226576 

227529 

228484 

229441 

880600 

231361 

232324 

233289 

234256 

235225 

236196 

237169 

238144 

239121 

sooioio 

24Mi8l 

244036 

245025 

246016 


80062991 
8062)568 
81182737 


82312875 
82881856 
83453453 
84027672 
84604519 
•8184000 
8576612) 2 
86350888 2 
86938307 2 
87528384 2 
88121125 2 
88716536 2 
89314623 2 
89915392 2 
90518849 2 


m. 

3 


2 

fcWfT 

§ 




91733851 
, 92345408 
92959672 
93576664 
94196375 
948)88l6j 
95443993 
'96071912 
96702579 


97979181 2 
9861)128 2 
99252847 2 
99897344 2 
100544625 2 
101194696 2 
101847563 2 
102503232 2 
103)61709 2 


108888000 



T.84T8 

7.5537 
7.5595 
7.5654 
7.5712 
7.5770 
7.5828 
7.5886 
7.5944 
7.6001 
T.OOM 
7.6117 
7.6174 
7.6232 
7.6289 
7.-6346 
7". 6403 
7.6460 
7.6517 
7.6574 
7.6881 


8818.7 
8947.0 
8979.0 
9010.1 
9041,4 

9072.7 
9104.0 


7.6857 

7.6914 

7.6970 

7.7026 

7.7082 

7.7138 

7.7104 


7.7250 

7.7306 

7.7362 

7.7418 

7.7473 

7.7529 

7.7584 

7.7639 

7.7695 

7.7700 

7.7805 

7.7860 

7.7915 


9261.0 , 
9292.5 I 

9324.1 

9355.7 

9387.3 
9419.0 

9450.7 

9482.4 

9514.2 
0840.0 


9577.8 
9609.6 

9641.5 

9673.5 

9705.5 

9737.5 

9769.5 

9801.6 

9833.8 


3.3798 

3.3813 

3.3828 

3.3844 

3.3859 

3.3874 

3.3889 

3.3904 

3.3919 


3.3950 

3.3965 

3.3960 

3,3995 

3.4010 

3.4025 

3.4039 

3.4054 

3.4069 


mm 



123505992 


.0023»>I9 

.00231481 

.00230947 

.00230415 

.00229885 

.00229356 

.00228833 

.00228311 

.00227790 

.00887878 

.00226757 

.00226244 

.00225734 

.00225225 

.00224719 

.00224215 

.00223714 

.00223214 

.00222717 


.00221729 

.00221239 

.00220751 

.00220264 

.00219780 

.00219298 

.00218818 

.00218341 

.00217865 

.00817801 

.002)6920 

.00216450 

.00215983 

.002155)7 

.00215054 

.002)4592 

.00214)33 

.00213675 

.002)3220 

.00828700 

.00212314 

,0021)864 

.0021)416 

.002)0970 

.00210526 

.00210084 

.00209644 

.002092051 

.00208760 

.00800888 

.00207900 

.00207469 

.00207039 

.00206612 

.00206186 

.00205761 

.00205339 

.00204910 

.00204499 


.00203666 

.00203252 

.00202040 

.00202429 

.00202020 

.00201613 

.00207207 

.00200803 

.00200401 


Ciitte Uf Oiula.) 


41m 


148P80»» 

145096.35 

146574.15 

147253.52 

147934.46 

148616.97 

149301.05 

149986.70 

150673.92 

151362.72 




1367.653 


152745.02 

153438.53 

154133.60 

154830.25 

155528.47 

156228.26 

156929.62 

157632.55 
158337.05 

loooa.io 

159750.77 

160459.99 

16)170.77 

161883.13 
162597.05 

163312.55 

164029.62 

164748.26 

165468.47 
108100.8i 

166913.60 
167638.52 
168365.02 
169093.08 
169822.72 
170553.92 
171286.70 
172021.05 
172756.96 
ir8404.6f 
174233.51 

174974.14 
175716.34 
176460.12 
177205.46 


177952.37 

176700.06 
179450.91 
100202.54 
itMoi^n 
181710.50 
16246$.04 
183124.75 
I8»84.23 
18^45.28 
10^7.90 
186272.10 
107037.06 
107005,19 
180094.fO 

189144.37 
190114,62> 
I9089«;24 
191445,43 
1924^’18 
493228.31 
184008.^41 

ms- 



































































































































































ENOINEEBS’ TABLES 


i 5 <d 5 


T* Niiab^n (ContjnuaiJ) 


X* VT? VT? 






251001 

252094 

253009 

254016 

25502S 

256036 

257049 

258064 

239081 


261121 

262144 

263169 

264196 

265225 

266256 

267289 

268324 

2693q1 


271441 

272484 

273529 

274576 

275625 

276676 

277729 

278784 

279841 

ssotoo 

281961 

283024 

284089 

285156 

286225 

287296 

288369 

289444 

290521 

MIMO 

292681 

293764 

294849 

295936 

297025 

298116 

299209 

300304 

301401 


303601 

304704 

305809 


1880000100 

1257SI501 

126506008 

127263527 

128024064 

128787625 

129554216 

130323843 

131096512 

131872229 


141420761 

142236648 

143055667 

143877824 

144703125 

145531576 

146363183 

147197952 

148035889 


KllitiOIO 


149721291 
150568768 
151419437 
152273304 
153130375 
153990656 
154854153 
155720872 
156590819 



167284151 
168196608 
169112377 

170031464 

170953875 

171879616 

172808693 

173741112 


22.8254 

22.8473 

22.8692 

22.8910 

22.9129 

22.9347 

22.9565 

22.9783 

23.0000 

M.OIIT 

23.0434 

23.0651 

23.0868 

23.1084 

23.1301 

23.1517 


23.1948 

23.2164 

S8.IS78 

23.2594 

23.2809 

23.3024 

23.3238 

23.3452 

23.3666 

23.3880 

23.4094 

23.4307 

U.48U 

23.4734 


T.88T0 

7.9423 
7.9476 
7.9528 
7.9581 
7.9634 
7.9686 
7.9739 
7.9791 
7.9843 
T.M08 
.9948 
.0000 
.0052 
.0104 
.0156 
.0208 
.0260 
.0311' 
.0363 
8.0611 
6 



(Side (X M DiuB.) 


Ctroum. 


23.6854 



8.1281 
8.1332 
8.1382 
8.1488 
483 
533 
583 
633 
683 
733 


8.1888 

8.1982 

8.2031 

8.2081 

.2130 

.2180 

.2229 

.2278 

.2327 

.2377 

8.8488 

.2475 

.2524 

.2573 



2583 

2618 

2653 

2688 

2723 

2758 

2793 

2828 

2863 

laoM 



8.4887 

3.4671 

3.4685 

3.4699 

3.4713 

3.4726 

3.4740 

3.4754 

3.4768 

3.4781 

8.4788 

3.4808 

3.4822 

3.4836 

3.4849 

3.4863 

3.4876 

3.4890 

3.4904 

3.4917 

8.48M 

3.4944 

3.4957 

3.4970 

3.4984 

3.4997 

3.5010 

3.5024 

3.5037 

3.5050 

8.8084 

3.5077 

3.5090 

3.5103 

3.5116 

3.5130 

3.5143 

3.5156 

-3.5169 

3.5182 

8.1188 

3.5208 

3.5221 

3.5234 

3.5247 

3.5260 

3.5273 

3.5286 

3.5299 

3.5311 

8.8814 

3.5337 

3.5350 

3.5363 

3.5376 

3.5388 

3.5401 

3.5414 

3.5426 

3.5439 

8.8481 

3.5464 

3.5477 

3.5490 

3.5502 

3.5515 

3.5527 

3.5540 

3.5|53 

3.5565 


.00199601 
.00199203 
.00198807 
.00198413 
.00198020 
.00197628 
.00197239 
.00196850 
.00196464 
.00188078 
.00195695 
.00195313 
.00194932 
.00194553 
.00194175 
.00193798 
.00193424 
.00193050 
.00192678 
.00181808 
.00191939 
.00191571 
.00191205 
.00190840 
.00190476 
.00190114 
.00189753 
.00189394 
.00189036 
.00188878 
.00188324 
.00187970 
.00187617 
.00187266 
.00186916 
.00186567 
.00186220 
.00185874 
.00185529 
. 00 : 
.00184843 
.00184502 
.00184162 
.00183824 
.00183486 
.00183150 
.00182815 
.00182482 
.00182149 


.00181488 

.00181159 

.00180832 

.00180505 

.00180180 

.00179856 

.00179533 

.00179211 

.00178891 

.0017W71 

.0&178253 

.00177936 

.00177620 

.00177301 

.00176991 

.00176670 

.00176367 

.00176056 

.00175747 


loom.ft 

197135.72 

197923.40 

198712.10 

199503.70 
200296.17 

201090.20 

201885.81 
202682.99 

203481.74 
804181.00 
205083.95 

205887.42 
706692.45 
'207499.05 
208307.23 
,209116.97 
209928.29 

210741.16 
211555.63 

litsn.to 

213189.26 

214008.43 

214829.17 
215651.49 
216475.37 

217300.82 

218127.85 

218956.44 
219786.61 
880010.04 

221451.65 
222286.53 
223122.98 
223961.00 

224800.59 

225641.75 

226484.40 

227328.79 

228174.66 

880088.10 
229871.12 

230721.71 

231573.86 

232427.59 
233282.89 

234139.76 

234998.20 

235858.21 

236719.79 


238447.67 

239313.96 

240181.83 

241051.26 

241922.27 
242794.05 
243660.90 
244544.71 
245422.00 


247181.50 

48063.30 

240946.07 

249152.01 

250710.75 

251607.01 

252496.17 

25I500.M 

254201.1* 
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7. Prop«rfiM of XTnmbon (CcnUnued) 



32M4I 

327184 

328329 

329476 

33062S 

331776 

3329» 

334084 

335241 

8SM00 

337561 

338724 

339889 

341056 

342225 

343396 

344569 

345744 

346921 


349281 

350464 

351649 

352836 

354025 

355216 

356409 

357604 

358801 




Circle (N m Diem.) 


Cireura. 


206425071 

207474688 

208527857 

209584584 

210644875 

211708736 

212776173 

213847192 

214921799 


vi'i 


361201 

362404 

363609 

364816 

366025 

367236 

368449 

369664 

370881 

8 T 8100 

373321 

374544 

375769 

376996 

378225 

379456 

380689 

381924 

383161 


2I708I80I 2 
218167208 2 
219256227 2 
220348864 2 
221445125 2 
222545016 2 
223648543 2 
224755712 2 
225866529 2 



8.8818 

.2962 
.3010 
.3059 
.3107 
3155 
.3203 
.3251 
3300 
.3348 
8.SSM 
8 3443 
8.3491 
8.3539 

.3587 
.3634 
.3682 
.3730 
.3777 
.3825 
8.8878 
8.3919 
8 3967 
8.4014 
8.4061 
8.4108 
8.4155 
8.4202 
8.4249 
8.4296 
8.6868 

8.4390 

8.4437 

8.4484 

8.4530 

8.4577 

8.4623 

8.4670 

8.4716 

8.4763 

8.6808 

8.4856 

8.4902 

8.4948 

8.4994 

8.5040 

8.5086 

8.5132 

J .5I78 
.5224 
8.8870 
8.5316 
8.5362 
8.5408 
8.5453 
8.5499 
8.5544 
8.5590 
8.5635 
8.5681 

8,mo 

8.5772 

8.5817 

8.5862 

8.5907 

8.5952 

8.5997 

8.6043 

8.6088 

8.6132 


4844 

4881 

4918 

4955 

4992 

5029 

X 8008 

5103 

5140 

5177 

5214 

5252 

5289 

5326 

5363 

5400 


8.8877 

3.5590 

3.5602 

3.5615 

3.5627 

3.5640 

3.5652 

3.5664 

3.5677 

3.5689 

8.8701 

3.5714 

3.5726 

3.5738 

3.5751 

3.5763 

3.5775 

3.5787 

3.5799 

3.5812 

8.8886 

3.5836 

3.5848 

3.5860 

3.5872 

3.5884 

3.5896 

3.5908 

3.5920 

3.5932 

8.8066 

3.5956 

3.5958 

3.5980 

3.5992 

3.6004 

3.6016 

3.6028 

3.6040 

3.6052 

8.8088 

3.6075 

3.6087 

3.6099 

3.6111 

3.6122 

3.6134 

3.6146 

3.6138 

3.6169 

8.8181 

3.6192 

3.6204 

3.6216 

3.6227 

3.6239 

3.6250 

3.6262 

3.6274 

3.6285 

8.8887 

3.6309* 

3.6320 

3.6331 

IS& 

3.6366 

3.6377 

3.6389 

3.6400 
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T. ProparliM of Ifombon (ConfimMd) 


li* iv> Vat 


•.tin 

8.6222 

8.6267 

8.6313 

8.6357 

8.640) 

8.6446 

8.6490 

8.6535 

8.6579 

8.88U 

8.6668 

8.6713 

8.6757 

8.6801 

8.6845 

8.6890 

8.6934 

8.6978 

8.7022 

t.TOM 

8.71)0 

8.7154 

8.7198 

8.724) 

8.7285 

8.7329 

8.7373 

8.7416 

8.7460 

8.7801 

8.7547 

8.7590 

8.7634 

8.7677 

8.7721 

8.7764 

8.7807 

8.7850 

8.7893 




CinOa Qi m Diun.) 


Ctreum. Ano 


8 . 06 U 

3.6423 
3.6435 
3.6446 
3.6457 
3.6468 
3.6479 
3.6499 
3 6502 
3.65)3 


8 . 8 W 4 

3.6536 

3.6547 

3.6558 

3.6569 

3.6580 

3.6592 

3.6603 

3.66)4 

3.6625 


8.8888 

3.6647 

3.6658 

3.6669 

3.6680 

3.669) 

3.6702 

3.67) 3 
3.6724 
3.6735 
8.0760 
3.6757 
3.6768 
3.6779 
3.6790 
3.6801 

3.68) 2 
3.6823 
3.6834 
3.6845 
8.0800 

3.6866 

3.6877 

3.6888 

3.6899 

3.6909 

3.6920 

3.693) 

3.6942 

3.6953 

8.00U 

3.6974 

3.6985 

3.6995 

3.7006 

3.70)6 

3.7027 

3.7038 

3.7049 

3.7059 

8.7070 


.00)56006 

.00)55763 

.00)5552) 

.00)55280 

.00155039 

.00)54799 

.00)54560 

.00)5432) 

.00)54083 


.00)536)0 

.00)53374 

.00)53)39 

.00)52905 

.00)52672 

.00r52439 

.00)52207 

.00)5)976 

.00)5)745 


.00)5)286 

.00)5)057 

.00150830 

.00)50602 

.00)50376 

.00)50)50 

.00)49925 

.00)4970) 

.00)49477 

.00160884 

.00)4903) 

.00)488)0 

.00)48588 

.00)48368 

.00)48)48 

.00)47929 

.00)477)0 

.00147493 

.00147275 

.00U70M! 

.00)46843 

.00)46628 

.00146413 

.00)46)99 

.00)45985 

.00)45773 

.00)45560 

.00)45349 

.00)45)38 

.00144088 

.001447)8 

.00)44509 

,00)44300 

.00)44092 

.00)43885 

.00)43678 

.00)43472 

.00)43266 

.00143062 

.00148887 

.00)42653 

.00)42450 

.00142248 

.00142045 

.00141844 

.0014)643 

.00141443 

.00141243 

.0014)044 



385945,44 

IS?S:D 

391478.72 
392580.40 
393691.82 
394804.h 
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M4169 



3SM3543I 
34094412S 
342467097 
343994344 
36S525075 
347041496 
348601813 
370146232 
371694939 



519841 

521284 

522729 

524176 

525625 

527076 

528529 

529984 

531441 


534361 

535824 

537289 

538756 

.540225 

541696 

543169 

544644 

546121 


549081 

550564 

552049 

553536 

555025 

556516 

558009 

559504 

561001 

M 1800 

564001 

565504 

567009 

568516 

570025 

571536 

573049 

574564 

576081 

omoo 



395446904 

397065375 


398688256 


400315553 

401947272 


403583419 


406869021 

408518488 

410172407 

411830784 

413493625 

415160936 

416832723 

418508992 

420189749 


rn 


423564751 

425259008 

426957777 

428661064 

430368875 

432081216 

433798093 

435519512 

437245479 

688970000 

440711081 

442450728 

444194947 

445943744 

447697125 


449455096 




26.8514 
26.8701 
26.8887 
26.9072 
26.9258 
26.9444 
26.9629 
26.9815 
27.0000 
17.0188 
27.0370 
27.0555 
27.0740 
27.0924 
27 


8.0811 

8.9253 
8.9295 
8.9337 
8.9378 
8.9420 
8.9462 
8.9503 
0.9545 
8.9587 
8.8688 
.9670 
.9711 
.9752 
.9794 
.9835 
.9876 
.9918 
.9959 
.0000 
8.0041 
9.0082 
9.0123 
9.0164 

9.0205 
9.0246 
9.0287 
9.0328 
9.0369 
9.0410 
8.0680 
9.0491 
9.0532 
9.0572 
9.0613 
9.0654 
9.0694 
9.0735 
9.0775 
9.0816 
8.0888 
9.0896 
9.0937 
9.0977 
9.1017 
9.1057 
9.1098 
9.1138 
9.1178 
9.1218 
8.1818 
9.1298 
9.1358 
9.1378 
9.1418 
9.1458 
9,1498 
9.1537 
9,1577 
9.1617 
•.inr 

9.1696 
9.1736 
9.1775 
9.ISIS 

i;l81 

9.1935 

9.1973 

9.2012 



19764 

19805 

19845 

19886 

19927 

19967 

20008 

20049 

20090 

80180 

20171 

20212 

20253 

20294 

20335 

20376 

20417 

20456 

20499 

80840 

20581 

20622 

20663 

20704 

20745 

20787 

20828 

20869 

20910 


20993 

21035 

21076 

2III7 

21159 

21200 

21242 

21283 

21325 

8188 V 

214D8 

21450 

21492 



6 

1 

]7 

8.9190 

.001608U 

3.7185 

3.7196 

3.7206 

.00140647 

.00140449 

.00140252 

3.7217 

3.7227 

3.7238 

.00140056 

.00139860 

.00139665 

3.7248 

3.7258 

3.7269 

ooe 

oeo 

8.9898 


i.779Q 

3.7300 

3.7310 

.00138696 

.00138504 

.00136313 

5.7321 

3.7331 

3.7341 

.00138122 

.00137931 

.00137741 

3.7351 

3.7362 

3.7372 

.00137552 

.00137363 

.00137174 

8.9m 

Kuniin 

3.7392 

3.7403 

3.7413 

.00136799 

.00136612 

.00136426 

3.7423 

3.7433 

3.7443 

.00136240 

.00136054 

.00135870 

3.7454 

3.7464 

3.7474 

.00135685 

00135501 

.00135318 

8.9684 

.00186188 

3.7494 

3.7504 

3.7514 

00134953 

.00134771 

.00134590 

3.7524 

3.7534 

3.7545 

.00134409 

.00134228 

.00134048 

3,7555 

3.7565 

3.7575 

.00133869 

.00133690 

.00133511 

8.9688 


3.7595 

3.7605 

3.7615 

.00133156 

.00132979 

.00132802 

3.7625 

3.7635 

3.7645 

.00132626 

.00132450 

.00132275 

3.7655 
3.7665 
3.7675 

.00132100 

.00131926 

.00131752 

8.9888 

.oolsmo 

3.7694 

3.7704 

3.7714 

.00131406 

.00131234 

.00131062, 

5.7724 

3,7734 

5,7744 

.00130890 

.00130719 

.00130548 

3.7754 

3.7764 

5.77*4 

.00130378 

.00130208 

.00130039 

8.9TS6 

.oouiiTo 1 

3.7793 

5.7803 

3.7813 

.00129702 
.00129534 
.00129366 I 

5.7822 

i;l8l 

.00129199 
.00129032 
.00128866 1 

m 

5.787t 

.00t3870« 

.00128535 

.mum ; 


Ciieto (ff ■* Diua.) 


Ciroum. | Ams 




s 

r 



if 




■f 

1 

T 

! 

.t 

t 

L 

f 

1 

T 


IV 




' 

1 


n 


n 

' . 

3 


rj 

1 • 

2 

7. ' 

2 

i ; 

y 


N 


r 


2 

1 

n 

f, 1 

1 


3 

*>7 

2 

'j ; 



2 


1 

T 

1 

ft] 

3 

47 

61 

1 

75 

90 

04 

9 

D 

Z 


898919.81 

397035.26 
398152.89 
399272.08 
400392.84 

401515.18 
402639.08 
403764.36 
404691.60 
406020.22 
609180.41 
408282.17 
409415.50 

410550.40 
411686.87 
412824.91 
413964.52 

415105.71 
416248.46 

417392.79 
618888.68 

419686.15 

420835.19 

421985.79 
423137.97 

424291.72 
425447.04 
426603.94 

427762.40 
428922.43 
480084.08 

431247.21 

432411.93 

433578.27 

434746.16 
435915.62 
437086.64 
438259.24 

439433.41 

440609.16 
1988 . 4 V 

442965.33 

444145.80 
445327.83 


450071.63 

451261,31 

452452.96 


458433.77 

8 9634 .^ 
0637.06 
462041.10 



466872.87 
468084.n 
469298.U 


4fll6l,6» 
475388,96 
476611,81 
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jf 


«* 


«* 


VJf 






» 

V7f 


I 

AT 


Ciroto (y m Z^am.) 


Ciroum. I Area 


781 

782 
788 
984 

783 

786 

787 

788 

789 


791 

792 
799 

794 

795 

796 

797 

798 

799 


801 

802 

809 

805 

806 

807 

808 
809 
•10 
Oil 
812 
819 

814 

815 

816 
817 
• 18 
819 
880 
821 
822 
829 

824 

825 

826 

827 

828 
829 
•80 
891 
832 
893 

834 

835 

836 
•37 

838 

839 


•41 
842 
849 
44 


609961 

611524 

619089 

614656 

616225 

617796 

619369 

620944 

622521 

•86100 

625681 

627264 

628849 

630436 

632025 

633616 

635209 

636804 

638401 


6f6B4|8808 

476579541 

478211768 

480048687 

481890304 

483736625 

485587656 

487443403 

489303872 

491169069 


641601 

643204 

644809 

646416 

648025 

649636’ 

651249 

652864 

654481 

••<100 

657721 

659344 

660969 

662596 

664225 

665856 

667489 

669124 

670761 

•78600 

674041 

675684 

677329 

678976 

680625 

682276 

683929 

685584 

687241 

•••••0 

690561 

692224 

693889 

695556 

697225 

698896 

709569 

702244 

705921 


707281 

708964 
710649 
7123S6 
714025 
715716 
Nt7'^ 
9;<4 


494913671, 

496793088 

498677257 

500566184 

502459875 

504358336 

506261573 

508169592 

510082399 

lltOOOOOO 

513922401 

515849608 

517781627 

519718464 

S21660125 

523606616 

525557943 

527514112 

529475129 

881461000 

533411731 

535387328 

537367797 

539353144 

541343375 

543338496 

545338513 

^547343432 

1549353259 

•81888000 

553387661, 

555412248 

557441767 

S59476224 

561515625 

563559976 

565609283 

567663552 

569722789 

8T178T000 

573856191 

575930368 

578009337 

580093704 

382182875 

584277056 

586376253 

.588480472 

1590589719 

•88904800 

59402332} 

596947^ 

599077107 

681211584 

601351125 

685495736 

|«8|^423 


89 

27.9464 
27.9643 
27.9821 
28.0000 
28.0179 
28.0357 
28.0535 
28.0713 
28.0891 
18.10881 
28.1247 
28.1425 
28.1603 
28.1780 
28.1957 
28.2135 
28.2312 
28.2489 
28.2666 
88 
28.30191 

28.3196 

28.5373 

28.3549 

28.3725 

28.3901 

28.4077 

20.4253 

28.4429| 

88.4808 

28.4781, 

28.4956 

28.5132 

28.5307 

28.5482 

28.5657 

28.58321 

28.6007 

28.6182 

•8.88881 

28.6531 

28.6705, 

28.6880] 

28.7054 

28.7228 

28.7402 

28.75^6 

28.7750 

28.7924 

•8.80891 


8. 

9.2091 

9.2130 

9.2170 

9.2209 

9.2248 

9.2287 

9.2326 

9.2365 

9.2404 


28.8271 

28.8444 

28.8617 

28.8791 

28.8964 

28.9137 

28.9310 

28.9482 

28.9655 


18 

29.0000 

29.0192 

29.0345 

’29,0517 

29.0689 

<29.0861 

.29,1033 
29.1204 
29.1376 


8. 

9.2482 

9.2521 

9.2560 

9.2599 

9.2638 

9.2677 

9.2716 

9.2754 

9.2793 

•.••81 

9.2870 

9.2909 

9.2948 

9.2986 

9.3025 

9.3063 

9.3102 

9.3140 

9.3179 

•.SSIT 

9.3255 

9.3294 

9.3332 

9.5370 

9.3408 

9.3447 

9.3485 

9.3523 

9.3561 

8.SI88 

9.3637 

9.3675 

9.3713 

9.3751 

9.3789 

9.3827 

9:3865 

9.3902 

9.3940 

i.stn 

9.4016 

9.4053 

9.4091 

9.4129 

'9.4166 

9.4204 

0.4241 

9,4279 

9.4316 


• 

9,4391 

9.4629 

9.4466 

9.4303 

9.4541 

9.4578 

9.4615 

9.4652 

9.4690 


•ITiO 

21826 

21868 

21910 

21952 

21994 

220H 

22078 

22120 

22162 

88808 

22247 

22289 

22331 

22373 

22416 

22458 

22500 

22543 

22585 

816tT 

22670 

22712 

22755 

22797 

22840 

22883 

22925 

22968 

23010 

fSCfl 

23096 

23138 

23181 

23224 

23267 

23310 

23352 

23395 

23438 

•8681 

23524 

23567 

23610 

23653 

23696 

23740 

23783 

23826 

23869 

18918 

23955 

23999 

24042 

24085 

24128 

24172 

24215 

24259 

24302 

84M8 

24389 

24432 

24476 

24520 

24563 

24607 

24650 

24694 

24738 


s.mi 

3.7890 

3.7900 

3.7910 

3.7920 

3.7929 

3.7939 

3.7949 

3.7959 

3.7969 

8.9898 

3.7987 

3.7997 

3.8006 

3.8016 

3.8025 

3.8035 

3.8044 

3.8054 

3.8064 

8.8098 

•3.8083 

3.8092 

3.8102 

5.8111 

3.8121 

3.8130 

3.8139 

3.8149 

3.6158 

S.818f 

3.8177 

3.8186 

3.8196 

3.6205 

3.8215 

3.8224 

3.8234 
3.8243 
3.8252 
8.tt88 
3.8271 
3.8280 
3.8290 
3.8299 
3.8308 
3.8317 
3.8327 
3.8336 
3.'8345 
8.88S8 
3.8?64 

3.8373 

3.8382 

3.8391 

3.6401 

3.8410 

3.8419 

3.8428 

3.8437 

8.846i 

3.8456 

3.8465 

3.8474 

3.M83 

3.8492 

3.8501 

3.8510 

3.8519 

3.8528 


80188I08 

.00128041 

.00127877 

.00127714 

00127551 

.00127389 

.00127226 

.00127065 

.00126904 

.00126743 

oomsM 

.00126422 

.00126263 

.00126103 

.00125945 

.00125786 

00125628 

.00125471 

.00125313 

00125156 

00118000 

00124844 

00124688 

00124533 

00124378 

00124224 

.00124069 

00123916 

.00123762 

.00123609 

.00U8689 

.00123305 

.00123153 

.00123001 

.00122850 

.00122699 

.00122549 

.00122399 

.00122249 

.00122100 

.00181081 

.00121803 

.00121655 

.00121507 

.00121359 

.00121212 

.00121065 

.00120919 

.00120773 

.00120627 

.OOlttMSS 

.00120337 

.00120192 

.00120048 

.00119904 

.00119760 

.00119617 

.00119474 

.00119332 

.00119190 

.00118068 

.00118906 
.00118765 
.00118624 
.00118483 
.00118343 
.00118283 
.00118064 
.00117925 
.00117786 


|t680.660tAm88.86 

479062.25 

480289.83 

481518.97 
482749.69 

463981.98 

485215.84 

486451.28 

487668.28 

488926.85 


2453 

2456. 

2459. 

2463. 

2466. 

2469. 

2472. 

2475. 

2478. 

11481 

2484. 

2488, 

2491. 

2494, 

2497. 

2500. 

2503. 

2506 

2510 

8818. 

2516 

2519 

2522 

2525 

2528 

2532 

2535 

2538 

2541 


2547. 

2550. 

2554. 

2557. 

2560. 

2563. 

2566. 

2569. 

2572. 

8876. 

2579 

2582 

2585 

2588 

2591 

2594 

2598. 

2601 

2604 

8607. 

2610 

2613 

2616 

2620 

2623 

2626. 

2629 

2632 

2635. 

son 

2642 

2645 

2648 

2651 

2654 

2657 

2660 

2664 

2667 


582 

723^ 

865 

0071 

I48i 

290{ 

431 

573 

715 

•88 

99S 

139 

281 

422! 

564| 

706 

847 

969. 

130 

•781 

414 

555 

697 

838 

980 

122 

263 

405 

546 

•n 

.829 

.971 

113 

.2541 

.396 

.537 

,679 

.821 

.9621 

.1041 

.245 

.387 

.529 

.67d 

.Slf 

.953 

.095 

.237 

.378 

.880 

.661 

.8031 

.944; 

.086 

.228! 

.3691 

.511 

.652 

.794 

.•88 

,077 

.219 

.360 

.502 

.644 

.785 

927 


I680188.** 

491408.71 
492651.99 
493896.85 

495143.28 

496391,27 

497640.84 

498891.98 

500144.69 

501398.97 

BOMBi.n 

503912.25 
505171.24 

506431.80 

507693.94 

508957.64 

510222.92 

511489.77 

512758.19 

514028.18 

118888.74 
516572.87 

517847.57 

519123.84 

520401.68 

521681.10 

522962.08 

524244.63 

525528.76 

526814.46 

•niOl.TS 

529390.56 

530680.97 

531972.95 

533266.50 

534561.62 

535858.32 

537156.58 

538456.41 
539757.82 
M1088.98 
542365.34 

543671.46 

544979.15 
546288.40 
547599,23 

548911.63 

550225.61 

551541.15 

552858.26 

555497.20 

556819.02 

558142.42 

559467.99 

.163451,11 
e6« 56478|.H 
2I«56611$.18 




























































































































































































46-40 


engineers’ tables 


f. ProiMrtiM of Nttttlion (Pontbaug^ 



Cind* (i\r ■■ Diun.) 


dreum. 


TttMO 

724201 
725904 
727609 
729516 
751025 
752736 
734449 
736164 
7376BI 

vooooo 

741321 
743044 
744769 
746496 
748225 
749956 
751689 
753424 
755161 
7HOOO 
758641 
760384 
762129 
763876 
765625 
767376 
769129 
770884 
772641 
800 TTIrMO 

881 776161 

882 777924 

883 779689 

884 781456 

885 783225 

886 784996 

t 67 786769 
88 788544 

889 790321 

•00 mioo 

891 793881 

! 92 795664 

93 797449 

894 7W236 

895 801025 

896 802816 

897 804609 

898 806404 


616295051 

618470208 

620650477 

622835864 

625026375 

627222016 

629422793 

631628712 

633839779 


LiJ 


638277381 

640503928 

642735642 

644972544 

647214625 

649461896 

651714363 

653972032 

656234909 



721734273 

724150792 

726572699 



30.0167 
30.0333 
30.0500 
3 
3 
3 
3 
3 
3 


30.1 

30.1 

30.2 
30.2 
30.2 
30.2 

7710952131 30.28201 
77962063« 30.2985 
776151559^ 30.8150 


o.«m 

9.4764 

9.4801 

9.4838 

9.4875 

9.4912 

9.4949 

9.4986 

9.5023 

9.5060 

0.8009 

9.5134 

9.5171 

9.5207 

9.5244 

9.5281 

9.5317 

9.5354 

9.5391 

9.5427 

0.8404 

9.5501 

9.5537 

9.5574 

9.5610 

9.5647 

9.5683 

9.5719 

9.5756 

9.5792 

0.8888 

9.5865 

9.5901 

9.5937 

9.5973 

9.6010 

9.6046 

9.6082 

9.6118 

9.6154 

0.8100 

9.6226 

9.6262 

9.6298 

9.6334 

9.6370 

9.6406 

9.6442 

9.6477 

9.6513 

0.8040 

9.6585 

9.6620 

9.6656 

9.6692 

9.6727 

9.6763 

9.6799 
9.6834> 
9.6870 
0.8008 
9.6941 
9.6976 
9.7012 
9.7047 
9.7082 
9.7118 
9.7153 
9.7188 , 
9.n24 



25264 

25308 

25352 

25396 

25440 

25485 

25529 

25573 

25617 

88841 

25706 

25750 

25794 

25839 

25883 

25927 

25972 

26016 

26061 


26150 

26194 

26239 

26283 

26328 

26373 

26417 

26462 

26507 

80881 

26596 

26641 

26686 

26730 

26775 

26820 

26865 

26910 

26955 

8TOOO 

27043 

27090 

27135 

27180 

27225 

27270 

27316 

27361 

27406 

87481 


O.SBn 

3.8547 
3.8556 
3.8565 
3.8574 
3.8582 
3.8592 
3.8601 
3.0610 
3.8619 
8.8888 
3.8637 
3.8646 
3 8655 
3.8664 
3.8673 
3.8682 
3.8691 
3.8700 
3.8708 
8.8717 
3.8726 
3.8735 
3.8744 
3.8753 
3.8762 
3.8771 
3.8780 
3.8789 
3.8797 
8.8800 
3.8815 
3.8823 
3.8832 
3.8841 
3.8850 
3.8859 
3.8868 
.3.8877 
3.8885 
8.8804 
3.8902 
3.8911 
3.8920 
3.8929 
3.8937 
3.8946 
3.8955 
3.8963 
3.0972 
8.8081 
3.8989 
3.8998 
3.9007 
3.9015 
3.9024 
3.9032 
3.9041 
3.9050 
3.9059 
•.•087 
3.9076 
3.9084 
3.9093 
3.9101 
3.9110 
3.9118 
3.9127 
3.9139 
3.9144 


.00117047 
.00117509 
.00117371 
.00117233 
.00117096 
.00116959 
.00116822 
.00116686 
.00116550 
.00116414 
.OOUOtTO 
.00116144 27 
.00116009 27 
.00115875 27 
.00115741 27 
.00115607 27 
.00115473 27 
.00115340 27 
.0011520/ 27 
.00115075 27 
ftftl14948 

.00114811 2736 
.00114679 2739 
.00114548 2742 
.00114416 2745 
.00114286 2748 
.00114155 2752 
.00114025 2755 
.00113895 2758 
.00113766 2761 


.00113507 2767 
.00113379 2770 
.00113250 2774 
.00113122 2777 
.00112994 2780 
.00112867 2783 
.00112740 2786 
.00112613 2769 
.00112486 2792 


.00112233 

00112108 

.00111982 

.00111857 

.00111732 

.00111607 

.00111483 

.00111359 

.00111235 

.•OtUlU 

.00110988 

.00110865 

.00110742 

.00110619 

.00110497 

.00110375 

.00110254; 

.00110132 

. 00110011 ’ 


488. IT 

568786.14 

578123.67 

571462.77 

57280^43 

574145.69 

575489.51 

576834.98 

578181.85 

579530.38 


582232.15 
583585.39 

584940.20 
586296.59 
587654.54 
569014.07 

590375.16 
591737.83 
593102.06 

894487.87 
595835.25 

597204.20 
598574.72 

599946.81 

601320.47 
602695.70 
604072.50 

605450.88 

606830.82 
I8.M 

609595.42 
610980.08 
612366.31 
613754.11 

615143.48 

616534.42 
617926.93 
619321.01 
620716.66 




623512.68 

624913.04 

626314.98 

627718.49 

629123.56 

630530.21 
631938.43 

633348.22 
634759.58 
•88178.81 

637587.81 
639003.09 

640420.73 
641839.95 

643260.73 
644683.09 

646107.81 
647531.51 
648959.18 


651818.43 
653290.|1 
65468}itf6 
nli48 


66I873.S 
683318.68 
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SNOINEBRS’ TABLES 

7* P»perti«t of Notabon iContinutdi 




tiMM 

S4«24l 

S500S4 

•51929 

855776 

•55625 

•57476 

•59329 

861184 

•63041 


781229961 

783777448 

786330467 

788889024 

791453125 

794022776 

796597983 

799178752 

801,765089 







866761 

868624 

870489 

872356 

874225 

876096 

877969 

879844 

881721 


885481 

887364 

889249 

891136 

893025 

894916 

896809 

898704 

900601 

80S800- 

904401 

906304 

908209 

910116 

912025 

913936 

915849 

917764 

919681 


923521 

925444 

927369 

929296 

931225 

933156 

935089 

937024 

938961 

M0800 

942841 

944784 

946729 

948676 

950625 

952576 


806954491 

809557568 

812166237, 

814780504 

817400375 

820025856 

822656953 

825293672 

827936019 


833237621 

835896888 

838561807, 

841232384 

843908625 

846590536 

849278123 

851971392 

854670349 


f 








M, 




i 


- 


887503681 

8902^128 

893056347 

895841344 

898632125 

901428696 

904231063 

907039232 

909853209 




915498611 

918330048 

921167317 

924010424 

926859375 

929714176 

932574833 

935441352 

938313739 


•.TtH 

9.7294 
30.36451 9.7329 
9.7364 I 
9.7400 
9.7435 
9.7470 
9.7505 
9.7540 I 
9.7575 
8.7810 
9.7645 
9.7680 
9.7715 
9.7750 
9.7785 
9.7819 
9.7854 
9.7889 
9.7924 

•.Ton 

9.7993 
9.8028 
9.8063 
9.8097 
9.8132 
9.8167 
9.8201 
9.8236 
9.8270 
0.8808 
9.8339 
9.8374 
9.8408 
9.8443 
9.8477 
9.8511 
9.8546 
9.8580 
9.8614 

•.son 

9.8683 
9.8717 
9.8751 
9.8785 
9.8819 
9.8854 
9.8888 
9.8922 
9.8956 


o.sooo 




»0 

•.nn 

Z09 

369 

526 

9.9363 

9.9396 

9,9430 

688 

847 

D06 

9.9464 

9.9497 

9.9531 

166 

125 

164 

9.9565 

9.9598 

9.9632 


ITOM 

27950 

27996 

28042 

28087 

28133 

28179 

28224 

28270 

28315 

88881 

28407 

28453 

28499 

28544 

28590 

28636 

28682 

28728 

28774 


28866 

28912 

28958 

29004 

29050 

29096 

29142 

29189 

29235 

•0881 

29327 

29374 

29420 

29466 

29513 

29559 

29605 

29652 

29698 

SOTU 

29791 

29838 

29884 

29931 

29977 

30024 

30070 

30117 

30164 


30257 

30304 

30351 

30398 

30444 

30491 

30538 

30585 

30632 



s.fin 
3.9161 
3.9169 
3.9178 
3.9186 
3.9194 
3.9203 
3.9212 
3.9220 
3.9229 
8.8887 
3.9246 
3.9254 
3.9262 
3.9271 
3.9279 
3.9268 
3.9296 
3.9304 
3.9313 
8.8881 


3.9329 

3.9338 

3.9346 

3.9354 

3.9363 

3,9371 

3.9379 

3.9388 

3.9396 

8.8n4 


3.9 

3.9 

3.9 
3.9 
3.9 
3.9 
3.9462 
3.9471 
3.9479 
8.8487 
3.9495 
3.9503 
3.9512 
3.9520 
3.9528 
3.9536 
3.9544 
3.9553 
3.9561 

8.88n 

3.9577 

3.9585 

3.9593 

3.9602 

3.9610 

3.9618 

3.9626 

3.9634 

3.9642 

8.98n 

3.9658 
3.9666 
3.9674 
3.9682 
3.969I 
3.9699 
3.9707 
3.9715 
3.9723 


.oolotno 

.00108578 
.00108460 
.00108342 
.00108225 
.00108108 
.00107991 
.001078751 
.ooion59 
.00107643* 
.•0107UT 
.00107411 
.00107296 
.00107181 
,00107066 
.00106952 
.00106838 
.00106724 
.00106610 
.00106496 
.00108888 
.00106270 
.00106157 
.00106045 
.00105932 
.00105820 
.00105708 
.00105597 
.00105485 
.00105374 
.00108888 
.00105152 
.00105042 
.00104932 
.00104822 
.00104712 
.00104603 
.00104493 
.00104384 
.00104275 
.00184187 
.00104058 
.00103950 
.00103842 
.00103734 
.00103627 
.00103520 
.00103413 
.00103306 
.00103199 
.00108088 
.00102987 
.00102881 
.00l02775| 
.00102669 
.00102564 
.00102459 
.00102354 
.00102249 
.00102145 
.OM00041 
.00101937 
.00101833 
.00101729 
.00101626 
.00101523 
.00101420 
.0010j317 
.OOIO;215 
.0010.112 




Cir^ UV " Diun.) 


Ciroum. { Atm 


M4«Ci A* 

2893.404 666206.92 
2896.546 667654.41 
2899.688 669105.47 
2902.829 670554.10 
672006.30 
675460.08 

674915.42 
676572.33 
677830.n 
•79880.ff 

680752.50 
682215.69 

683680.46 
685146.80 
686614.71 

668084.19 
689555.24 
691027.86 
692502.05 

niOTT.St 

695455.15 
696934.06 
696414.53 
699896.58 

701380.19 
702865.38 
704352.14 

705840.47 
707330.37 
Tonu.si 

710314.88 

711809.50 
713305.68 

714803.43 

716302.76 
717803.66 
719306.12 

720810.16 

722315.77 


1 




725331.70 

726842.02 


728353.91 


732899.01 



























































































































































46«42 ENOIKESBS’ TABLES 


7. PropertiM of lltunben (CondtubiO 


s 



vO? 

8 

V7f 

ifltt 

6 

f 

Tt 

Cural* iff •• D) 

■SSSSU 

Area 

MO 

MOlOO 

ffOMiOOO 

81.40M 

0.9086 

81180 

S.M81 

.MIOIOIO 

8U0.194 

T88TM1T4 

Mt 

982081 

97S24227I 

51.4802 

9.9699 

31197 

3.9739 

.00100908 

3113.316 

771324.61 

Ori 

984064 

976l9t488 

mtiTK 

9.9733 

51244 

3.9747 

.00100806 

3116.457 

772682.06 

993 

EMM 

979146657 

51.5119 

9.9766 

51291 

3.9755 

.00100705 

3119.599 

774441.07 

M4 


982107784 

51.5278 

9,9800 

31539 

3.9765 

.00100604 


776001.64 

99S 

Krx>!' 'ts 


mmim 

9.9853 

31386 

3.9771 

.00100503 

3125.882 

777565.82 

996 


988047956 

51.5595 

9.9866 

31455 

3.9779 

.00100402 

3129.024 

779127.54 

997 

994009 

991026975 

51.5755 

9.9900 

51480 

3.9787 

.00100301 

3132.165 

780692.84 

998 

996004 


51.5911 

9.9933 

31528 

3.9795 

.00100200 


782259.71 

999 

998001 

997002999 

51.6070 

9.9967 

31575 

3.9803 

.00100100 

3138.448 

783828.15 

1000 

1000000 

1000000000 

81 .am 

10.0000 

81688 

8.Mil 

.00100000 




t. If^riorlan Lofttithau of Ifombort from 1 to 119 


n 

0. 

1. 

8. 

8. 

A 

0. 

•• 

7. 

8. 

8. 

• 

— » 

PH!??™ 

0 6931 

1.0986 

1.3863 

1.6094 

1.7918 

1.9459 

2.0794 

2.1972 

1 

2.3026 

2 3979 

2.4049 

2.5649 

2.6391 

2.7081 

2.7726 

2.8332 

2.8904 

2 9444 

8 

2.9957 

3.0445 

3.0910 

3.1355 

3.1781 

3.2189 

3.2581 

3.2958 

3.3322 

3.3673 

8 

3.4012 

3.4340 

3.4657 

3.4965 

3.5264 

3.5553 

3.5835 

3.6109 

3.6376 

3.6636 


3.6889 

3.7136 

3.7377 

3.7612 

3.7842 

3.8067 

3.8286 

3.8501 

3.8712 

3.8918 


3.9120 

3.9318 

3.9512 

3.9703 


4.0073 

4.0254 

4.0430 

4.0604 

4.0775 

8 

4.0943 

4.1109 

4.1271 

4.1431 

4.1589 

4.1744 

4.1897 

4.2047 

4.2195 

4.2341 

7 

4.2485 

4.2627 

4.2767 

4.2905 

4.3041 

4.3175 

4.3307 

4.3438 

4.3567 

4.369,4 

8 

4.3820 

4.3944 

4.4067 

4.4188 

4.4308 

4 4427 

4.4543 

4.4659 

4.4773 

4.4866 

8 

4.4998 

4.5109 

4.5218 

4.5326 

4.5433 

4.5539 

4.5643 

4.5747 

4.5850 

4.5951 

10 

4.6052 

4.6151 

4.6250 

4.6347 

4.6444 

4.6540 

4.6634 

4.6728 

4.6821 

4.6913 

11 

4.7005 

4.7095 

4.7185 

4.7274 

4.7362 

4.7449 

4.7536 

4.7622 

4.7707 

4.7791 


9. Multij^ori for Trantferring Loforithms 


Common to Nainerian 

Napferiao to Common 

t 

2.302565093 

E»mple: 

1 

0.434294482 

Eaample; 

• 

4.605170186 

Bind Nap log of 105. 

t 

0.868588964 

Find number eorreepond* 

1 

6.907755279 

8 

1.302883446 

ing to Nkp log T.6078 

4 

• 

9.210340372 

11.512925465 

Com log 105 - 2.02119 

2 4.605170 

.02 46052 

1 2303 

4 

8 

1.737177928 

2.171472410 

.6 0.26058 

07 304 

8 35 

• 

13.815510558 

8 

2.605766891 

+0.26397 

7 

16.118095651 

1 230 

7 

3.040061373 

T -0.43429, 

• 

16.420680744 

9 207 

8 

3.474355855 

Com log* T.8297 . 

• 

20.723265837 

Nap log 105 - 4,65396 

8 

3.908650337 

Number - 0.6756 


10 . Mnltiitllori for Finding Ltngtba ^ Circttlar Ar«i 



Degreee 

Minutaa 

Seoonda 


2 

0.017453293 

0.Q34906W 

0.000290888 

0.000004848 

' Bmrnide; 

f 

0.000381776 

0.000009696 

Find length «f are for g oentnl 

8 

0.052359878 

0.00M7266S 

0.000014544 

ea^ of 40* OS' in oirole pf 
UftraAoa. 

4 

0.069813178 

0.MII635h 

0.000019395 

40* 0.698132 

t 

0.087266463 

0.001454441 

0.000024241 

1* .139626 

• 

0.104719755 

0.M1745329 

0.000029009 

W .011636 

¥ .MI4S4 . 

7 

0.122173048 

0.002036217 

0.000033957 

•> 0.83085 

8 

0.139626340 

0.002327106 

' 0.000038783 

-+-1L 

Length - 10.210 A 

f 

0.151079433 

0.M26I7994 

' 0.000043633 














































































SNfimSERS’ TABLE3 


U. C|rctiaiif«rMie«t id OtcIm (DiBioeteri ia Uaits aad Tentlw) 


d 

.0 

.1 


J 

.8 


.0 

.T 

J 

.0 

0 

0.000 

0.314 

0.628 

0.942 

1.257 

1.571 

i.885 

2.199 

2.513 

i.827 

t 

3.142 

3.456 

3.770 


4.398 

4.712 

5.027 

5.341 

5.655 

5.969 

1 

6.283 

6.597 

6.912 

7.226 

7.540 

7.854 

8.168 

8.482 

8.796 

9.111 

t 

0.425 

9.739 

10.05 


10.68 

11.00 

11.31 

11.62 

11.94 

12.25 

4 

12.57 

12.88 

13.19 

13.51 

13.82 

74.14 

14.45 

14.77 

15.08 

15,39 

6 

15.71 

16.02 

16.34 

16.65 

16.96 

17.28 

17.59 

17.91 

18.22 

18.*54 

« 

18.85 

19.16 

19.48 

19.79 

20.11 

20.42 

20.73 

21.05 

21.36 

21.68 

1 

2t.99 

22.31 

22.62 

22.93 

23.25 

23.56 

23.88 

24.19 

24.50 

24.82 

• 

25.13 

25.45 

25.76‘ 

26.08 

26.39 

26.70 

27.02 

27.33 

27.65 

27 96 

t 

‘28.27 

28.59 

28.90 

29.22 

29.53 

29.85 

30.16 

30.47 

30.79 

31.10 

10 

31.42 

31.73 

32.04 

32.36 

32.67 

32.99 

33.30 

33.62 

33.93 

34.24 

11 

34.56 

34.87 

35.19 

35.50 

35.81 

36.13 

36.44 

36.76 

37.07 

37.38 

It 

37.70 

38.01 

38.33 

38.64 

38.96 

39.27 

39.58 

39.90 

40.21 

40.53 

u 

40.84 

41.15 

41.47 

41.78 

42. ip 

42.41 

42.73 

43.04 

43.35 

43.67 

14 

43.98 

44.30 

44:61 

44.92 

45.24 

45.55 

45.87 

46.18 

46.50 

46.81 

18 

47.12 

47.44 

47.75 

48.07 

48.38 

48.69 

49.01 

49.32 

49.64 

49.95 

18 

50.27 

50.58 

50.89 

51.21 

51.52 

51.84 

52.15 

52.46 

52.78 

53.09 

IT 

53.41 

53.72 

54.04 

54.35 

54.66 

54.98 

55.29 

55.61 , 

55.92 

56.23 

It 

56.55 

56.86 

57.18 

57.49 

57.81 

58.12 

58.43 

58.75 

59.06 

59.38 

It 

59.69 

60.00 

60.32 

60.63 

60.95 

61.26 

61.58 

61.89 

62.20 

62.52 


U. CitcumferencM of Clrdei (Diameter in Unite and Eighths) 


4 

0 

Vs 

mm 

V8 

Vs 

6/8 

»/4 

Vs 

0 

0.0000 

0.3927 

0.7854 

1.1781 

1.5708 

1.9635 

2.3562 

2,7489 

1 

3.1416 

3.5343 

3.9270 

4.3197 

4.7124 

5.1051 

5.4978 

5.8905 

t 

6.2832 

6.6759 

7.0686 

7.4613 


8.2467 

8 6394 

9.0321 

t 

9.4248 

9.8175 

10.210 

10.603 

10.996 

11.388 

11.781 

12.174 

4 

12.566 

12.959 

13.352 

■Min 

14.137 

14.530 

14.923 

15.315 

• 

15.708 

16.101 

16.493 


. 17.279 

17.671 

18.064 

18.457 

0 

18.850 

19.242 

19.635 

20.028 


20.813 

21.206 

21.598 

T 

21.991 

22.364 

22.777 

23.169 

23.562 

23.955 

24.347 

24.740 

• 

25.133 

25.525 

25.918 

26.311 

26.704 

27.096 

27.489 

27.882 

0 

28.274 

• 28.667 . 

29.060 

29.452 

29.845 

30.238 

30.631 

31.023 

to 

31.416 

31.809 

32.201 

32.594 

32.987 

33.379 

33.772 

34.165 

11 ’ 

34.558 

34.950 

35.343 

35.736 

36.128 

36.521 

36.914 

37,306 

It 

37.699 

38.092 

38.485 

38.877 

39.270 

39.663 

. 40.055 

40.448 

It 

40.841 

41.233 

41.626 

42.019 

42.412 

42.804 

43.197 . 

43.590 

14 

43.982 

44.375 

44.768 

45.160 

45.553 

45.940 

46.338 

46.731 

If 

47.124 

47.517 

47.909. 

48,302 

48.695 

49.087 

49.480 

49.873 

It 

50.265 

50.658 

51.051 

51.444 

51.836 

52.229 

52.622 

53.014 

IT 

53.407 

53.800 

54.192 

54.585 

54.978 

55.371 

55.763 

56.156 

It 

56.549 

56.941 

57.334 

57.727 

58.119 

58.512 

58.905 

59.298 


59.690 

60.083 

60.475 

60.868 

61.261 

61.654 

62.046 

62,439 
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BKGINEEBS’ TABUSS 


iZ. Dcdncl B4idT«l«sti of Ceaunos Vmotloiio 


The giren decimela are the parte of inohee oorreapoadiag to fraotioa of ituhes itt fimt odfUBn; 
also, the parts of feet’for the friwtion of inohee in third column. 



0.0032 

Vm 

!■ 

0.2552 

3Vm 


0.5052 

6Vm 


0.7552 

Sl/M 


0.0104 

Vs 

Ml 

0.2604 

31/8 


0.5104 

6 Vs 


8.7604 

91/s 

Vm 

0.015623 

Vm 

mH 


3 S/M 

**/M 

0.515625 

08/18 

«/M 

0.765625 

9i/]t 


0.0208 

Vt 

■1 


3V4 


mm 

61/4 


0.7708 

9V4 


0.0260 

Vm 

■H 


36/m 



66/18 


0.7760 ■ 

96/18 

Vtt 

0.03125 

Vs 


Irl r +1 

38/8 

iVa 

0.53125 

68/8 

28/81 

0.78125 

98/s 


0.0364 

Vm 


0.2865 

37/18 


0.5364 

67/m 


0.7865 

97/18 


0.0417 

Vs 


0.2917 

3 Vs 


0.5417 

6*V8 


0.7917 

9 Vs 

Vn 

0,046875 

Vm 

W/M 

0.296875 

3 S/18 

86/m 

0.546075 

6*/i8 

6Vm 

0.796875 

9 9/18 


0.0521 

Vs 


0.3021 

3S/S 


0.5521 

66/8 


0.8021 

96/8 


0.0575 

U/M 


0.3073 

3 U/M 


0.5573 

611/18 


0.8073 

911/18 

Vie 

0.0625 

Vt 

S/M 

0.3125 

38/4 

s/m 

0.5625 

68/4 

18/16 

0.8125 

98/4 


0.0677 

iVm 


0.3177 

318/18 


0.5677 

618/m 


0.8177 

918/18 


0.0729 

7/8 


0.3229. 

3 7/8 


0.5729 

67/8 


0.8229 

9 7/8 

Vet 

0.078125 

«/M 

Wm 

0.328125 

316/18 

87/m 

0.570125 

616/18 

83/m 

0.028125 

916/m 


0.0833 

1 


0.3333 

4 


0.5833 

7 


0.8333 

10 


0.0885 

• Vm 


0.3385 

41/16 


0.5805 

71/16 


0.8385 

101/M 

*/n 

0.09375 

1 Vs 

u/a 

0.34375 

41/8 

IS/B 

0.59375 

71/8 

*7/88 

0.84375 

10 Vs 


0.0990 

IVm 


0.3490 

4 8/18 


0.5990 

7 3/16 


0.0490 

108/16 


0.1042 

n/4 


0.3542 

41/4 


0.6042 

71/4 


0.6542 

101/4 

Vm 

0.109375 

IVm 

2*/M 

0.35937^ 

48/18 

8«/M 


76/16 

66/84 

0.859375 

100/18 


0.1146 

iVs. 


0.3646 

48/8 


0.6146 

78/8 


0.8646 

108/8 


0.1198 

i7/ie 


0.3698 

4 7/18 


0.6198 

77/16 



107/16 

Vs 

0.1250 

1 Vs 

Vs 


41/8 

6/8 

0.6250 

71/S 

7/8 


10 Vs 


0.1302 

IVm 



4 S/M 



7 S/16 


119 

10 S/16 


0.1354 

iVs 


0.3854 

46/8 


0.6354 

76/8 


0.8854 

106/8 

Vm 

0.140625 

MVm 

26/m 

0.390625 

4 IVm 

«/M 

0.640625 

7 IVm 

67/m 

mm 

10 IVm 


0.1458 

1V4 


0.3958 

48/4 


0.6456 

78/4 


0.8958 

103/4 


O.ISIO 

hVm 



413/18 



718/16 



1018/18 

Va 

0,15625 

17/8 

W/B 

0.40625 

47/8 

21/B 

0.65625 

77/8 

*s/a' 


107/8 


0.1615 

nVM 


0.4114 

416/18 


0.6615 

716/16 


0.9115 

1016/16 


0.1667 

2 


0.4167 

5 


0.6667> 

8 



II 

U/M 

0.171875 

2Vm 

27/m 

0.421875 

3VM 

4*/m 

0.671075 

8Vm 

69/m 

0.'92I875 

Ill/M 


0.1771 

2 Vs 


0.4271 

51/8 


0.6771 

8 Vs 


0.9271 

llVs 


0.1823 

2Vm 


0.4323 

58/18 


p.6823 

08/18 


0.9323 

118/18 

•/w 

0,1875 

2V4 

7/M 

0.4375 

51/4 

IVm 

0.6875 

8V4. 

Wm 

0.9375 

111/4 


0.1927 

2 S/M 



56/18 


0.6927 

86/18 


0.9427 

116/M 


0.1979 

2S/« 


0.4479 

58/8 


0.6979 




118/8 

U/M 

0.203125 

27/u 

»/M 

0.453125 

57/18 

4«/M 

0.703125 

87/m 

•Vm 

0.953125 

117/m 


0 . 208 r 

2 Vs 


0.4583 

5 Vs 



81/9 


mm 

1 IrV 


0.2135 

2Vm 


0.4635 

58/18 


0.7135 

8 S/16 



1 

Va 

0.21875 

26/8 

16/82 

0.46875 

56/8 

2>/a 

0.71075 

06/8 


0.96075 

1 EiTB 


0.2240 

2 IVm 


0.4740 

511/18 


0.7240 

8 U/M 


mm 

11 IVm 


0.2292 

2 S/4 


0.4792 

58/4 


0.7292 

88/4 



118/4 

U/M 

0.234375 

218/18 

«/M 

0.484375 

518/m 

47/m 

0.734375 

8M/18 

«8/M 

0.984375 

11 U/M 


0.2395 

27/8 


0.4896 

57/8 


0.7396 

87/8 . 


[iM'J.i'J-Ml 

117/8 


0.2448 

2M/16 


0..4948 

SWtt 


0.7440 

816/16 


0.9948 

IIIVm 

Vt 

0.2500 

3 

Vs 


6 

^JiL. 

0.7500 

9 

i 

Ili'i'l'i'MI 

12 
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SNQINSBRS’ TABli» 


14 . Product of Frcctioiio SsproMod is Oedsula 



1 

Vu 

Vs 

Vis 

Vi 

Vm 

Vs 

Vw 

Va 

Vis 

Vs 

M/IS 

Vi 

M/m 

Vs 

m/m 

Vif 

















Vs 

.1250 

K'iW 

.0156 














•/m 

.1875 

.0117 


.0351 













Vi 


.0156 


.0469 

.0625 












Vis 

.3125 

.0195 

.0391 

.0587 

57''' 

Em] 











Vs 

.3750 

.0234 


EZB 

Kij 

.1172 

Use 










Vis 

.4375 

.0273 

K'H 

.0823 

BE t • 

.1367 

.1641 

.1914 









Va 

.5000 

.0313 


.0938 

|lr ■ i 

.1562 

.1875 

.2188 

.2500 








Vis 

.5625 

.0352 

k<W). 

ICES 

IftTiT 

i£m 

IHTT!) 

.2462 

.2813 

.3164 







Vs 

.6250 

.0391 

lfW‘ 

.1172 

.1562 

.1952 

.2343 

.2734 

.3125 

.3516 

.3906 






Wm 

.6875 

iPTOi] 

RilV ■ 

.1289 

.1718 

.2148 

.2578 

.3007 

.3438 

.3867 

.4297 

.4727 





Vi 

.7500 

.0469 


UliQ 

.1875 

.2344 

.2813 

.3281 

m. 

.4219 

.4686 

.5156 

.5625 




M/IS 

.8125 

ESE 

If 171' 

.1523 

wm 

wm 

.3047 

.3555 

[!!» 

wm 

pfiun 



.6601 



Vs 


.0547 

■Ml 


.2187 

.2734 

.3281 

.3828 

.4375 

.4922 

.5469 

.6016 

.6563 

E £ 

.7656 


.»Vl8 

.9375 

.0586 

.1172 

.1757 

.2343 

Pm) 

.3515 

nrin 

.4688 

.5274 

.5859 

.6445 

i?3] 



.8789 

1 

■wiTiin 

.0625 

sm 

.1875 

IFWiTil 

.3125 

Pun 

.4375 

'iRiTin 

.5625 

.6250 

.6875 

.7500 

if 


.9375 


15. Weightc and Meoiuroa 

(Bee aJao Ciroulwr 47.17 S Bur of Standards, on Unite of Weighte and Meaeuree, July, 1914) 


Aroirdapois Weight 


Gnuns 

Drams 

Ounces 

Pounds 

Hund’d-wt 

Net tons 

Grose tons 

1 

0.03657 

0^002286 

0.000143 

0.00000127 

0.00000007134 

0.0000000637 

27.34375 

1 

0 0625 

0.003906 

0.00003488 

0.000001953 

0.000001744 

437.5 

16 

1 

0.0625 

0.00055804 

0 00003125 

0.00002790 


256 

16 

1 

0.0089286 

0.0005 

0.0004464 

784 000 

28 672 

1 792 

112 

1 

0.056 

0.05 

14000 000 

512 000 

32 000 

2 000 

17.857 

1 

0.89286 

15 680 000 

573 440 

35 840 

2 240 

20 

1.12 

1 


1 lb Bvw ~ 1.216278 lb troy. 1 net ton 2 000 lb — 0.892867 gross ton. 


Troy Weight 


Grains 

Pennyweight 

Ounces 

Pounds 

1 

0.041667 

0.0020833 

0.0001736 

24 

1 

0.05 

0.0041667 

480 

20 

1 

0.0833333 

5 760 

240 

12 

1 


1 lb troy « 0.822857 lb avoir. 176 os troy — 192 os avoir. 


Apothecaries’ Weight 


Grains 

Scruples 

Drams 

.Ounces 

Pounds , 

1 

0.05 

0.016667 

0.0020833 

0.000173611 

20 

1 

0.333333 

0.0416667 

0.0034722 

60 

3 

1 

0.125 

0.0104167 

480 

24 

8 

1 

0.0833333 

5 760 

288 

96 

12 

1 


The Ib, os, and gr are same as in troy wt. Avoir gr - troy gr - apothecaries' gr. 
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momwss * i'ablbs 

IS. Waifhta and MeaiwM (Continuti) 


Dawlty 


Lb per eu in 

■■■Ml 

Net tons per 
cu yd . 

Lb per US 
gallon 

Qm per euem - 

1 

1 728 

23.328 

230.999 

27,6826 

0.0005787 

I 

0.0135 

0.13368 

0.01602 

0.042867 

74.074 

I 

9.9023 

1.18655 

0,004329 

7.480? . 

0.10099 

1 

0.11983 . 

0.036l'27 

62.4281 

0.84278 

8.3454 

1 


UsMr Mmiot* 


Inches 

Feet 

Yards 

.Rods 

Furlongs 

Statute miles 

Meters 

1 

0.08333 

0.02778 

0.0050505 

0.00012626 

0.00001578 

0.0254 

12 

1 

0.33333 

0.0606061 

0.00151515 

0.0(ll)]8939 

0.3048 

36 

3 

1 

0.1818182 

0.00454545 

0.00056818 

< 0.9144 

(98 

16.5 

5.5 

1 

0.025 

0.003125 

5.029 

7 920 

660 

220 

40 

1 

0.125 

201.16 

63 360 

5 280 

1 760 

320 

8 

'1 

1609,4 

39.37 

3.2808 

1.0936 

0.1988 

0.0000777 

0,0006214 

1 


Sope and Cable Meaanre 


Inches 

Spans 

Feet 

Fathoms 

Cable lengths 

Statute miles 

Meters 

1 

0.1111 

0.08333 

0.013889 

0.0001157 

0.00001578 

0.0254 

. 9 

1 

0.75 

0.16667 

0.001042 

0.000142 

0.2286 

12 

1.3333 

1 

0.125 

0.001389 

0.0001894 

0.3048 

72 

8 

6 

1 

0.008333 

0.0011364 

1.8288 

8 640 

960 

720 

120 

1 

0.136368 

219.456 

63 360 

7 040 

5 280 

^ 880 

7.3333 

1 

1 609.4 

39.37 

4.377 

3.2808 

0.547 

0.0455 

0.0006214 

1 


Nautical Measure 

1 nautioel mile, as adopted by the IT S. Coast and Geodetic Surv^, equals tl)p length of one 
minute of arc of a great circle of a sphere the surface at which equals that of the earth ^ 6 080.204 
ft 1.1616 statute miles. 1 league » 3 nautical miles ■> 18 240.613 ft. 


Cunter'a Cbala 


Inches 

' Links 

t 

Feet 

1 

Rods 

Chains 

Statute milee 

Metm 

1 

0.1263 


0.0050505 

0.001263 

0.00001578 

0.0254 

7.92 

1 

0.66 

0.04 

0.01 

0.000125 


12 

1.7156 

1 

0.060606 

0.01515 

0.0001894 

Kiiiin 

198 

25 

16.5 

1 

0.25 

0.003125 

5.029 

792 

100 

66 

4 

1 

0.0125 

20.12 

63360 


5 280 

320 

80 

1 

1609.4 

39.37 

4.971 1 

3.2«)8 

0.1988 

0.04971 

0.0006214 

1 


Square or Land Measure 


Sq inches 

Sq feet 

■QOSES 

Sqrods 

Aores 

Sq milee 

6k] meters 

1 

144 

1296 

39304 

6 272 640 

1 550 • '.,1 

0.006944 . 
1 

5,0 

272.25 

43 560 
;j7878400 
•r 10 764 

0.0007716 

o.iniii . 

1 

’ 30.25 

4 840 

3 097 600 
1,196 




0.0006452 

0.0929 

0.8361 

25.29 

4047 

2590000 

1 




0.03306 

1 

160 

102 400 
0.03954 

0.0002066 

.0.00625 

640 ' 
0.0002471 

o'oboeom 

0.0015625 . 

1 

• S ■•••*• r 


■bi4***^ ' y . ■.I..! II ■■ ■ III I . a I SI I 

rood «• 4t) aq rode. 1 acre ■ 4 eq roods.* Isq aorew> ^08.71 ft sq. 
































































IfiKGtNE^Rg' TABLES 

U. Weight* ukd MManre* (Continued) 
Cubic or SeM Mouauro 


4&-47 


Cu in 

Cu ft 1 

Cuyd 

Cu meters 

. 1 

0.0005787 ' 

0.000021433 

0.000016387 

I 728 

1 

0.037037 

0.02832 

46 656 

27 

1 

0.7646 

61 020 

35.31 

1.3079 

1 


1 cord wood ■ 128 ou ft 4 by 4 by 8 ft. 1 perch of maBohry • 24.75 cu ft ■ 18.5 by 1.5 by 
1 ft; UBoally taken as 25 ou ft. 

i 


Dry Meaaore 


Pints 

Quarts 

e 

Gallons 

Pecks 

Bushels. 

1 

Cu in 

Cuft 

Cu meters 

i 

0.50 

0.125 

0.0625 

mmm 

33.6003 

0.01944 

0.0005506 

2 

1 

0.25 

0.I2S 


67.2006 

0.03689 

O.OOIIOI 

8 

4 

1 

0.50 

0.125 

265.8025 

0.1556 

0.004405 

16 

8 

2 , 

1 , 

0.25 

537.605 

HQIH 

0.00881 

64 

32 

8 

4 

i 

2150.42 

urtih 

0 03524 

0.029782 

0.014661 

0.0037202 

0.0018601 

0.00046503 

1 

■'iiiiiHwTl 

0.000016387 

SI.4281 

25.7141 

6.42851 

3.21426 

0.80356 

1 728 

■Oil 

0.02832 

1 816.173 

908.086 

227.022 

113.5)1 

28,3777 

61 020 


1 


1 heaped bushel •> 1.25 struck bushel, and the cone must be not less than 6 in hifh. 


Liquid Measure 


OilU 

Pints 

Quarts 

Qallons * 

Barrels 

1 

Cuin 

Cu ft 

Cu meters 

1 

0.25 

0.125 

0.03125 

0.000992 

7.21875 

0.004177 

0.0001183 

4 

1 

' 0.5 

0.125 

0.003968 

28.875 

8.01671 

0.0004732 

8 

2.- 

I 

0.25 

0.007937 

57.75 

0.03342 

0 0009464 

32 

8 

4 

1 

0.031746 

231 



1 008 

252 

126 

31.5 

1 

7 276.5 

4.2109 

0.1192 

0.13853 

0.034632 

0.017316 

0.004329 

0.00013743 

I 

0.0005787 

0.000016387 

239.377 

59.8443 

29.9221 1 

7.48053 

0.23746 

1 728 

1 

0.02832 

8 453.542 

2 113.385 

1 056.693! 

264.1732 

8.38645 


35.31 

■■UH 


* U S gal. British imperial gal » 277.410 cu in, or 10 lb avoir of pure water at 62° F and barom 
at 30 in. British imperial gel *■ 1.20001 U S gal. 1 fluid dram » 60 minims » 0.125 fluid’OS » 
0.0078125 pint. 1 fluid os 480 minima » 8 drama 0.0625 pint. 


Metric System 

Measures of Length, Capacity, and Wei|d>t 


Length 

Kilometer 

Hecto¬ 

meter 

Decameter . 

Meter 

Decimeter 

Centimeter 

Millimeter 

Capadty 

Kiloliter 
or Stere 

Hecto¬ 
liter or 
decistere 

Decaliter 
or centi- 
stere 

Liter or 
minis tere 

Deciliter 

Centiliter 

Milliliter 

Urmtsulafr 

Kilo- 

Hecto- 

Deca- 

Gramme 

Deci- 

Centi- 

Milli- 


gramme 

gramme 

gramme 


gramme 

gramme 

gramme 


1 

10 

100 

1 000 

10 000 

100 000 

1 000 OOO 


1 

1 

10 

100' 

1 000 

10 000 



* 


* 1 

10 

100 

1 000 

10 000 

’ 




1 

10 

100 

1000 


<, 


■ 

0.1 

1 

10 

100 


¥ 



0.01 

d.l 

1 

18 

-. ...f- ■ 




0 001 

0.01 

0.) 

1 
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KNaDiimiis’ TABi/KS ■ 

Uk WWditi and M MsurM (fiondvdtii 


' 8qti«r« «r datfaee MMtnre 


k f 1 

Square 

iuloneter 

Squale 
beetometer 
or heetare 

Square 
decameter 
or are - * 

Square 
meter of 
. oeatiare 

Square ^ 
deoimeter 

Square 

oentameter 

Square 

miUitnAiter 

•» 

100 

1 

, 0.01 

0,0001 

O.OOOOOi 

10 000 

100 

0.01 ‘ 

0.0001 

0.000001 

1 000 000 
10000 
100 

1 

0.01 

0.0001 

0.000001 

.1000 000 

10 000 
100 
t 

0.01 

0.0001 

1000 000 

10 000 
100 , 

1 

0.01 

1000 000 
10006 
100 

1 


1 B<| myriBsaeter 100 tq kilometerB 100 000 000 Bq metin. 


Cubic MeMur* 


Ciduo 

decameter 

Cable meter 
etere 

Cubic deci^ 
meter or liter 

Cubic centi¬ 
meter * 

Cubic milli¬ 
meter 

1 

1 000 

1 000 000 

1 000 000 000 

« 

0.001 

1 

1 000 

1 000 000 

1 000 000 000 

0.000001 

0.001 

1 

1 000 


0.000000001 

o.ooooOl 

0.001 

I 



0.000000001 

0.000001 

0.001 

I 1 


1 eii meter 1 kiloUter 1 etere. 


16. Frtctioiui of an loeli to MiUimeten 


lOthB 

32nde 

64tb‘8 

Millimeter 

I6tha 

32nd8 

64thB 

1 

I 

16tllB 

32nd8 

64ths 

Millimeter 



‘ 1 

0.397 







45 

17.859 


1 

2 

0.794 

6 

12 




23 

46 

18.256 



3 

1.191 



25 

^BlC 'tv 



47 

18.653 

1 • 

2 

4 

1.588 


13 

26. 

10.319 

12 

24 

48 

19.050 



5 

1.984 



27 

10.716 



49 

19.447 


3 

6 

2.381 

7 

14 

28 

11.113 


25 


19.844 



7 

2.778 



29 

11.509 



51 ' 

20.241 

2 

4 

8 

3,175 


15 


. 11.906 

IS 

26 

. 52 

20.638. 



9 

3,572 



31 

12.303 



*53 

21.834 


5 


3.969 

8 

16 

32 

12.700 


27 

54 

21.431 



n 

4.366 



* 33 

13,097 



55 

21.828 

1 

0 

12 

4.763 


17 

34 

13.494 

14 

28 

56 

22.225 



13 

5.159 



35 

13.891 



57 

M.622 , 


'7 

14* 

5.556 

' 9 

18 

36 

14.288 


29 

58 

23.019 



15 

5.953 



37 

14.684 



59 

23.416 . 

4 

, 8- 

16 

,6.350 


19 

38 

15.081 

15 

30 

60 

23:813 



17 

6.747 



39 

15.478 



61 

24.209 


9 

18 

7,144 




15..875 


31 

62 

24.606 



19 

7.541 



4l 

16.272 



63 

25.003 

S 

mlm 


7.938 

' 

21 

42 

16.,669 

16 

32 

64 

25.400 

t 


' 21 . 

8.334 



43 

17.066 






. 11 

22 

8.731 

11 

22 

44 

17.463 



-. 














































Wcli^t, Pone, and Maa- Capodty and Tdurne Cubic Mi 


BNGINSEBS’ TABLES 
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17. CoBVan^ ToMe of Moaturot (G. B. Bunudde) 



' la to Mntiniatara (om). 

Pt to OMton... 

Yards to moten. ^ . 

Fathoms ito metsm..... 

Statute miles to Idiom. 

Nautical milw to Idiom..... 

Cm to in. .^.... 

Meters (m) to ft. 

Meters to Fords. 

Meters to fathoms. 

Km to statute mUM. 

. Km to nautical miles. 

Sq ia to^ oin. 

Sq ft to sq m. 

8q yards to sq m. 

Acres to hectares .. 

Sq stat miles to sq km....... I 

Sqcmtosqin.. 

Sq m to sq ft... 

Sq m to sq yd. 

Hectares to owes. 

. Sq km to sq stat milee. 

Cu in tcrcu cm... 

Cu ft to cu m. 

Cu yd to eu m... 

Cu cm to cu in.jo.06IO 

Cu m to cu ft. 

. Cu m to cu yd.... 

Fluid dronu to milUlitem.... 

Fluid os to liters... 

Liq quarts to litma. 

Dry quarts to Htmo. 

U S bush to hectolitera. 

U S liq borreb to Idlditers.. 

Ch ft to hectoliters. 

Millilitme to fluid drotos.... 

Liters to fluid os. 

liters to liquid quarts. 

liters to dry quarts. 

Hectoliters to U S budi. 

Kilohters to U'S liq borreb. 

, Hectoliters to ou ft.... 

Orains toiranis.. 

Os [avoir] to gm . 

Os troy} to gm. 

Lb [avoir] to kg. 

Net tods tb tonnes [metric].. 

Qrosa tons to tonnes [net]... 

Gm to groins.. 

Om ito os [avoir]. 

Kg to lb [avoir... 

ToniMs [metric to net ton... 

.Tonnas .[metric to groes ton. 

Ft per sec to cm per sec. 

Ft perkeo to m per min. 

Ft per nip to om per tA .. 

Kn^ to Ion per to.:. 

Ctoiper see to ft perjwe. 

M f^.nia to ft per sec. 

Cn p^oeei to ft pef min.... 
per to to Khtta. 


4.57n 

1^.674 

0.295S 

o.tait 

17.716 

4.«563 


















































































































































































Work Furoe per L^igtk, Ar^ and VtdnsM 


i 6--50 


ENGmSEBS' TABLES 


tT. '';Cottf«ir«lea Tabla of Mearaxoa iCondudfid) 


Lb per bn ft to’kk per is. 

Lb/x) in to kg/eq cm,. .. 

Lb per >q ft to kg per aq m... 
Net tons pet eq in to tonnes 

pw sq cm.. . 

Net tons per sq ft to tonnes 

pw 84 m. 

Lb/eu in to gm/eu cm. 

Ib per cn ft to kg per otfm... 

Kg per m to lb per lin ft. 

tCg per sq cm to lb per sq in,. 
Kg per sq m to lb per sq' ft',.. 
Tonnes per sq m to net tons 

per sq ft... 

Qtn/ou cm to Ib/ou in,.., „.. 
Kg per cu m to Ib per on ft... 
Tonnes per sq cm to net tons 

^ per S4 in. 

FNb to meter>kg. 

Ft>lb to joules....... 

Meter>4g to ft*lb. 

Joules to ft*ib... 



13.395, 

0<«328 

43.942 

1.2655 

87.886 
249.12 
144,16 

6.0477 

128.01 

1.8434 


5,4251 

28.932 


Hp to kilowatts (kw). 0.7457 1.4914 2.2371 

Etp to obeval'Vapeur. 1.0139 2.0277 3.0416 

Ft>lb per seo to watts. I.3S63 2. 7126 4.0689 5.4251 

Lb per hp to kg per oheval' 
vapeur... 0.4474 0.8947 1.3421 1.7895 

Rwtohp. 1.3410 2.6820 4.0231 5.3641 

Cheval-vapeur to bp. 0.9863 1.9726 2.9590 3,9453 

Watts to ftTlb per sec. 0.7373 1.4746 2.2119 2.9492 

.Kg/eheval-vapeur to Ib/bp... 2.2353 4.4706 6.7058 8.9411 

B t u to ealoriea.0.2S2 0.504 0.756 1.008 

B t u to ft-lb [mean]. 777,52 1555.0 2332.0 3110.1 

fi t u/lb to calcmes/kg. 0.5556 1.1111 1.6667 2,2223 

B t u per sq ft to calories per 

sqm. 2.7126 5.4252 8.1378 10.850 

B t u per cu ft to calories per 
on m.:.. 

Calories to B t u.:. 

Ft-lb to B t u [mean]... i.... 

Calories/kg to B t u/)b 
Calories per sq m to B t u per 

aq ft. 

Calcnies per cu m to B t n per 
cu fi.’ 


• (10-^ t (10-*). 

1 joule 10 million ergs » 10 million dyne-centimeters. 
1 knot » 1 nauticsl mile 6 080 ft per hour. 

1 bone power — 530 ft-lb per second. ' 

1 kilowatt 1 000 watts » 1 000 joules per see. 

1 cbevsJ-Vapeur 75 kilogram-meters per see. 

1 B t u <■ neat necessary to raise 1 lb of tvater 1* F. 

1 beat necessary to raise 1 kg of water 1* C. 




1.0113 













































































































46-51 


ENQINESBS' TABLES 


IS. Cubic F»«t anil OaQoa E«iiiT«laptt 


Cuft 

Gallons 
equivalent 
to cu ft 

Cuft 
equivalent 
to gallons 

0.1 

0.75 

0.0134 

.2 

1.50 

.0267 

.3 . 

2.24 

.0401 

.4 

2.99 

.0535 

.5 

3.74 

.0668 

.6 

4.49 

.0802 

.7 

5.24 

.0936 

.8 

5.98 

.1069 

.9 

6.73 

.1203 

1.0 

7.48 

.134 

2 

14.96 

.267 

3 

22.44 

.401 

4 

29.92 

.535 

5 

37.40 

.666 

6 

44.88 

.802 

7 

52.36 

.936 

8 

59.84 

1.969 

9 

67.32 

1.203 

to 

74.80 

1.337 

20 

I49.,6 

2.67.4 

- 30 

224.4 

4.010 

40 

299.2 

5.347 

50 

374.0 

6.684 

60 

448.8 

8.021 

70 

523.6 

■9.358 

80 

598.4 

10.694 

90 

673.2 

12.031 

100 

748.0 

13.368 

200 

1 496.1 

26.736 

300 

2 244.2 

40.104 

400 

2 992.2 

53,472 

500 

3 74ft . 3 

66 840 


mill 


Cuft 
equi valent 
to gallons 

600 

4 488.3 

80.268 

700 

5 236.4 

93.576 

800 

. 5 984.4 

106,944 

900 

6 732J 

120.312 

1 000 

7 480.5 

133.681 

2 000 i 

14961.0 

267.361 

3 000 

22 441.6 

401.042 

4 000 

29 922.1 

534.722 

5 000 

37 402.6 

668.403 

6 000 

44 883.1 

802.083 

7 000 

52 363.6 

935.764 

8 000 

59 844.2 

1 069.444 

9 000 

67 324.7 

1 203.125 

10 000 

74 805.2 

1 336.806 

20 000 

149 610.4 

2 673.61 

30 000 

224 415.6 

4 010.42 

40 000 

299 220.8 

5 347.22 

50 000 

374 025.9 

6 684.03 

60 000 

448 831.1 

8 020.83 

70 000. 

523 636.3 

9 357.64 

80 000 

598 441.5 

10 694.44 

90 000 

. 673 246.7 

12031.25 

100 000 

748 051.9 

13 368.1 

200 000 

1 496 103.8 

26 736.1 

300 000 

2 244 155.7 

40 104.2 

400 000 

2 992 207.6 

53 472.2 . 

500 000 

3 740 259,5 

66 840.3 

600 000 

4 486311.4 

60 208.3 

700 000 

5 236 363.3 

93 576.4 

800 000 

5 984 415.2 

106 944.4 - 

900 000 

6 732 467.1 

120 312.5 

1 000 000 

7 480 519.0 

133 680.6 


19. Chinese Measures 

Following is the system of weights and measures adopted by China in pursuance of 
^e imperial rescript of August 28, 1908. 


MeaSCBES or LaNOTH 


Meabubeb of Suwacb 


Chinese 


Metric 

Chinees 


Aietno 

1 Hao 

equals 

0.0032 Centimeter 

1 Hao 

equals 

II 

0.006144 Are 

1 Li 

44 

0.032 

48 

1 Li 

0.06144 ** 

I Fen 

44 

0.32 

14 

1 Fen 

41 

0.6144 

1 Ts’un 


3.2 

Centimeters 

1 Fang pu 

44 

0 0256 

1 Ch’ih 

41 

0.32 

Meter 

1 Mu 

14 

6.144 Ares 

1 Pu . 

• 4 

1.6 

Meters 

1 Ch’ing 

44 

614.4 

1 Chang 

4$ 

3.2 

44 





Mbasobes of CAPAcrrr 


Msasobbs or Wsioht 


CbinsM • 

I Skao 
I Ko 
I Sbeng 
.1 Tou 
I Ru 

1 Tan or Fioul 


Metric 

equals 0.0104 Litw 

“ 0.1035 *• 

;* 1.0355 Liters 

.. ,0 355 

•• 51.7734 •* 

•• 103.5469 “ 


Cbineae 
1 Hao . 

1 Li 
I Fea 
I Ch'ien 
I Liang 
1 Chin (catty) 


Metric 

equals 0.0037301 Qram 
0.037301 
0.37301 

3.7301 Qnuaj 
37.301 
596.816 


SO. Japanese Measures 

*Fwa«, “ S.75 kg <«, 8.2673336 lb avoir, is the unit of msM. It is divided into 1 000 
mbminas, the monune into 10 funs, the fun into 10 rins, the rin into 10 mos, and the mo 

IntolOahis. « o 

Shaku Is the unit of length, equal to 10 -J* 33 (0.80303) meter, or O.0W1919 U S ft. 
Ibis dedmaiiy:diVid^ into sun, bu, rin, mo, and ahi. Multiples of the luiaku we; the 
kan shaku; the c1m> 60 ken, and the ri ■= 36 cho, or 12 960 diaku. , 

, Tl^ ^liahu. Oand measure) ■» 0.60033 are (metric), or 0.988i417.W4 sq ft, 10 dhhku 

1 Soi'10 go ■» 1 bu or teubo, 30 bu »* 1 b 6, 10 a6 =» 1 tan, and 10 tan 1 dhio. 
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filralNEEBS’ TABLDS 


The diaku (capad^ ineMniire) ■■ 0.01804 liter, or 0.0180616 IT S liquid quart, 10 
ehaku.>* 1 go, 10 go ** 1 eho, 10 dte •a 1 to, and 10 to ■■ 1 koku (4.063 hotels}. Metrie 
,weichta and meaauras are reoogniaed aa legal in accordance with ^e above equivalenta. 


SI. Riisaian Keaanrea (E. L. Stenger) 


Qusotity 

Equivakst 

Qoutity 

Equivalent 

Qmuitity 

Equivalent 

Vat^ 


Sq nub 

2 2758 eq vent 
, 2 590 eq kilom 

lOOpoode 

r8056 ibort ton 

1 6122 tong “ 

1 6380 ant “ 

Ruaisott 

1 OEngliflhft 

0 3048 meter ' 

Sqmbi&e 

256 0 *q venfadc 

5 4444 eq ft 

DoG 

44.435 mg 

0 686giaia 

AfdiiiM 

14 0 venhok 

38 Oin 

2 3333 ft 

DenetiiM 

24000eq ngene 

2 7001 sere 

Vedro 

10 Oknahkar 

12 299hter 

750 51 ou m 

3 249 U B Bsl 

2 7067 Imp ml 

Zolotnik 

0 3333 lot 

96 0doU 

4 26S9gm 

65 833 gain 

0 13715 troy ot 

0 15047 avoB 


3 Oanhml 

7 0ft 
« 

Vent 

SOOasgem 

}500ft 

0 66288 mUe 

1 06680kdom 

Funt 

0 90»lb 

409 503 gn 

Meter 

1 4061 stshine . 

0 4687 esge&e 

0 000937 vent 

FCod 

40 Ofttot 

36 1131b 

16 3805 kg 

Cubic esgoie 

343 Oouft 

2 6797 cord 


SS. Spasish'Ainerican Meaenrea 
1/4 quint&l » 11.51 kg (also, in Spain, 1 arroba ' 


1 c4ntara 


Arroba » 25.4 lb av 
4.2 U S gal approx). 

Toneltda »» 20 quintales « 2 032.2 lb av 021.8 kg. 

Vara 2.75 ft (Perd), 2.841 ft (Argentina), 2.782 ft (Spain). . 

Sataca (Perd) 167 meteie sq 27 880 sq metere. 

Fanega (Perd) » 1.65 acre (varying locally); also 141.43 lb av ■■ 64.14 kg; deo 
■> 1.500 bushd (in Mex «» 2.577 buebda). , 

Pertenencia, or mining claim, in Mexico and in general throughout Spanish America, 
is a solid of indefinite depth, underlying a square surface area of 100 meters on a dde 
(Mexican Mining Law of June 4, 1892; unchanged since). 


SS. Miecellansoua Meaenrea 

Board moaaure. Commercial boards (unplaned or green lumber) are assumed to be 
1 in ^ok, but are often less; rough, dry toaids, about 7/s in. On bads of 1 in thickness, 
dumber of feet of board measure in a stick of squared timber » length (ft) X breadth 
(ft) X thicknen (in). 

Cubic meaaurcc. 1 cord fire-wood ■■4X4X8 ft ■■ 128 «u ft. 1 perch of stone * 
1.5 ft wide X 1 ft high X 16.5 ft long •» 24.75 eu ft.^ As the perch varies in different 
regions, it should be decked by local practice. 

(Structural steel. See 43, Art 26, contains brief tables of standard nses and .waists. 
For comptote tables, see sted muufaoturers' catalogues. 

Jftnsr’s inch of water. See wo 10-, Art 128 and Sec 38, Art 20. 

Ship measurements are of 5 kinds, In U S and Britiah countries, the ton ■> 8 240 lb; 
where metric ton is used, 2 2(M.6 Ib. 

(1) ' Dtspioeenerd is total wt in tons, of a vessd and contents. Displacement “]i||ht" ■■ 
wt of veaiid wi^out stores, bunker fuel or cargo; displacement “loaded" total wt, 
including last 3 items. 

(2) Cargo tonnage is expressed on basis of either “weight" or “oul»o meesurement." 
“Measurement ton" is usually 40 eu ft (as in U S); in some oountxies, 42 etk ft. 

0) Orooe tonnage applies to vessel itnlf, not to cargo, And ii the eontents in cu ft its 
doa^-in g^oea, divided by 100 (sMssuming a vessel-ton to be lOO eu ft). “Bagistcr" states 
gross and net tonnage, and Ur about the same ander U S end BrikUh rulee. 

<4) tonnage is grow tonni«e, lees deductioos fur,g;HMe oceupied by erew, engine 
go(na*nnd fool, «nd for navigatioa; that is, the sjMKf avvilahie for passengers antd oatgo. 
, kt a Vso. oC cwnid ugttaOygKJcupies taadf kmtilm 2 W co ft, see (9), oaifo tenaifs genertUy 

aaceeds both net and grose ionnags. ^ 
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enginbbrb’ tables 


(5) Deadwwght toimase is the niunber of tons a vessel can carry, of cargo, stores and 
fuel. Xt is tibie differenoe between tons of water displaced when vesi^ is '‘light’* and when 
subm^ed to “load line” (which is often ^own on vessel's side fay the "PlimsoU mark”). 
Capacity for height cargo is less than dead<weight tonnage. 

•BxampUe of relative measurements, (a) An ordinary freight steamer: net tonnage, 
4000; gross tonnage, 6 000; deadweight capacity, 10000 tons; dispiaoement, loaded, 
13 360 tons. (6) Oil tanker. Standard Oil Co of Calif, laundied 1938: net tonnage. 4 934; 
gross tonnage. 8 298; deadweight capao, 12 800 tons; displacement, loaded, 17320 tons. 


34. Values of $1, at — % Compound Interest, for — Years 

(Adapted from tables in ‘‘Principles of Finance,” by F. C. Kent. 1927) 


n 

3% 

4% 

5% 

6 % 

7% 

8 % 

9% 

10 % 

1 

1.0300 

1.0400 

I.OSOO 

1.0600 

1.0700 

1.0800 

1.0900 

1.1000 

2 


1.0816 

1.1025 

1.1236 

1.1449 

1.1664 

1.1881 

1.2100 

3 

r.0927 

1.1249 

1.1576 

I.I9I0 

1.2250 

1.2597 

1 2950 

1.3310 

4 

1.1255 

• 1.1698 

1.2155 

1.2625 

1.3108 

I.J605 

1.4116 

1.4641 

5 

1.1593 

1.2166 

1.2763 

1.3382 

1.4025 

1.4693 

1 5386 

1.6105 

6 

1.1940 

1.2653 

1.3401 

1.4185 

1.5007 

1.5869 

1.6771 

1 7716 

7 

1.2299 

1.3159 

1.4071 

1.5036 

1.6058 

1 7138 

1.8280 

1.9487 

8 

1.2668 

1.3686 

1.4774 

1.5938 

1.7182 

1.8509 

1.9926 

2.1436 

9 

1.3048 

1.4233 

1.5513 

1.6895 

1.6384 

1.9990 

2.1719 

2.3579 

10 

1.3439 

1.4802 

1.6289 

1.7908 

1.9671 

2.1589 

2.3674 

2.5937 

II 

1.3842 

1.5394 

1.7103 

1.8983 

2 1048 

2.3316 

2 5804 

2.8531 

12 

1.4258 

1.6010 

1.7958 

2.0122 

2.2522 

2.5182 

2.8127 

3.1384 

13 

1.4685 

1.6651 

I.8BS6 

2.1329 

2.4098 

2.7196 

3.0656 

3 4523 

14 

1.5126 

1.7317 

1.9799 

2.2609 

2.5785 

2.9372 

3.3417 

3.7975 

15 

1.5580 

1.8009 

2.0789 

2.3965 

2.7590 

3.1722 

3.6425 

4.1772 

16 

1.6047 

1.8730 

2.1829 

2.5403 

2.9522 

3.4259 

3.9703 

4.5950 

17 

1.6528 

1.9479 

2.2920 

2.6928 

3.1588 

3.7000 


5.0545 

18 

1.7024 

2.0258 

2.4066 

2.8543 

3.3799 

3.9960 

4.7171 

5.5599 

19 

1.7535 

2.1068 

2.5269 

3.0256 

3.6165 

4.3157 

5.1417 

6.1159 

20 

1.8061 

2.1911 

2.6533 

3.2071 

3.8697 

4.6609 

5.6044 

6.7275 

21 

1.8603 

2.2788 

2.7860 

3.3996 

4.1406 

5.0338 


7.4002 

22 

1.9161 

2.3699 

2.9253 

3.6035 

4.4304 

5.4365 

6.6586 

8.1403 

23 

1.9736 

2.4647 

3.0715 

3.8197 

4.7405 

5.8715 

7.2579 

8.9543 

24 

2 0328 

2.5633 

3.2251 

4.0489 

5.0724 

6.3412 

7.9111 

9.8497 

25 

2.0938 

2.6658 

3.3863 

4.2919 

5.4274 

6.8485 

8.6231 

10.8347 

26 

2.1566 

2.7725 

3.5557 

4.5494 

5.8073 

7.3963 

9.3991 

11.9182 

27 

2.2213 

2.8834 

3.7334 

4.8223 

6.2139 

7.9881 

10.2451 

13.1100 

28 

2.2879 

2.9987 

3.9201 

5.1117 

6.6488 

8.6271 

11.1671 

14.4210 

29 

2.3566 

3.1186 

4.1161 

5.4184 

7.1142 

9.3173 

12 1722 

15 8631 

30 

14273 

3.2434 

4.3219 

5.7435 

7.6122 

10.0626 

13.1677 

17.4494 

31 

15001 

3.3731 

4.5380 

O.0881 

8.1451 

10.8677 

14.4618 

19 1943 

32 

2.5751 

3.508(1 

4.7649 

6.4534 

8.7153 

11.7371 

15.7633 . 

21.1138 

33 

2.6523 

3.6484 

5.0032 

6.8406 

9.3253 

12.6760 

17.1820 

23.2251 

34 

2.7319 

3.7943 

5.2533 

•7.2510 

9.9781 

13.6901 . 

18.7284 

25.5477 

35 

2.8139 

3.9461 

5.5160 

7.6861 

10.6766 

14.7653 

20 4140 

28.1024 

36 

2.8983 

4.1039 

5.7918 

8.1472 

11.4239 

15.9682 

22 2512 

30.9127 

37 

2.9852 

4.2681 

6.0814 

8.6361 

12.2236 

17.2456 

24.2538 

34.0039 

. 38 

3.0748 

4.4388 

6.3855 

9.1542 

13.0793 

16.6253 

26.4367 

37.4043 

39 

3.1670 

4.6164 

6.7047 

9.7035 

13.9948 

20.1153 

28.8160 

41.1448 

40 

3.2620 

4.8010 

7.0399 

10.2857 

14.9744 

21.7245 

31.4094 

45.2592 

41 

3.3599 

4.9931 

7.3920 

10^9029 

16.0227 

23.4625 

34.2363 

49.7852 

42 

3.4607 

5.1928 

7.7616 

11.5570 

17.1442 

25.3395 

37.3175 

54.7637 

43 

3.5645 

5.4005 

8.1497 

12.2504 

18.3443 

26.3666 

40.6761 

60.2401 

44 

3.6714 

5,6165 

. 8.5571 

12.9854 

19.6284 

29.5560 

44.3369 

66.2641 

45 

3.7816 

5.8412 

8.9850 

13.7646 

21.0024 

31.9204 

46.3273 

72.8905 

46 

3.8950 

6.0748 

9.4342 

14.5905 

22.4726 

34.4741 

52.6767 

80.1795 

47 

4.0019 

6.3178 

9.9060 

15.4659 

24.0457 

3r.2320 

57.4176 

88.1975 

48 

4.1322 

6.5705 

10.4013 

16.3939 

25.7289 

40.2106 

62.5852 

97.0172 

49 

4.2562 

6.8333 

10.9213 

17.3775 

27.5299 

43.4274 

68.2179 

106.7189 

50 

4.3839 

. 7.1067 

11.4674 

18.4201 

,29.4570 

46.9016 

74.3575 

117.3908 

n 

le formula 

for computing the above tab 

le is: F 

M i ri 

,n_1._ 

tr _ 


%*ahie, A ■■ amount invested. B “ interest rate, and » * number of years. 

If.$l be invested, at 3% compound mterest, for a period of 15 years, V » 
1(1X)3)«, whence, log F - 15 log (1.0^ - 0.1926, and F - $1.56. , . 

Crmvwaely, to’find the present value of an investment, the payment of vdnch is duo at 
Hk* end o/a term oiyem* at a given rate of oompound interest, the above formula becomes. 
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tA VMMfit V«l«* o< |1, Bn* «t S&d of — Tous, at Compotiiid Intwest 
(Co&denoed from Kent'* TaUw, 2nd Ed, 1027) 


Yean 

3% 


5% 

6% 

7% 


9% 

10% 

1 

0.9709 

0.9615 

0.9524 

0.9434 

0.9346. 

0.9259 

0.9il74 

0.9091 

2 

.9426 

.9245 

.9070 

.8900 

.8734 

.8573 

.8417 

.8264 

3 

.9151 

.8890 

.8638 

.8396 

.8163 

.7938 

.7722 

.7513 

4 

.8885 

.8548 

.8227 

.1921 

.7629 

.7350 

.7084 

.6830 

5 

.8626 

.8219 

.7835 

.7472 

.7130 

.6806 

.6499 

.6209 

6 

.8375 

,7903 

.7462 


.6663 

.6302 

.5963 

.5645 

7 

.8131 

.7599 

.7107 

.6650 

.6227 

.5835 

.5470 

.5131 

8 

.7894 

,7307 

.6768 

.6274 

.5820 

.5403 

.5019 

.4665 

9 

.7664 

J7026 

.6446 

5919 

.5439 

.5002 

.4604 

.4241 

10 

.7441 

.6756 

.6139 

.5584 

.5083 

.4632 

.4224 

.3855 

n 

7224 

.6496 

5847 

.5268 

.4751 

.4289 

.3875 

.3505 

12 

.7014 

.6246 

.5568 > 

.4970 

,4440 

3971 

.3555 

.3186 

13 

.6809* 

.6006 

.5303 

.4688 

.4150 

.3677 

.3262 

.2897 

14 

.6611 

.5775 

5051 

.4423 

.3878 

.3405 

,2992 

.2633 

IS 

.6419 

.5553 

.4810 

.4173 

.3624 

.3152 

.mi 

.2394 

16 

.6232 

,5339 

.4581 

.3936 

.3387 

.2919 

.2519 

.2176 

17 

.6050 

.5134 

.4363 

,3714 

.3166 

.2703 

,2311 

.1978 

18 

.5874 

.4936 

.4155 

3503 

.2959 

.2502 

.2120 

.1798 

19 

.5703 

4746 

.3957 

.3305 

.2765 

.2317 

.1945 

.1635 

20 

.5537 

.4564 

.3769 

.3118 

.2584 

.2145 

.1784 

.1486 

21 

,5375 

.4388 

.3589 

.2941 

.2415 

1986 

.1637 

.1351 

22 

.5219 

.4219 

.3418 

.2775 

.2257 

.1839 

.1502 

.1228 

23 

.3067 

.4057 

.3256 

.2618 

.2109 

.1703 

1378 

.1117 

24 

.4919 

.3901 

.3101 

.2470 

.1971 

.1577 

.1264 

.1015 

25 

.4776 

.3751 

.2943 

.2330 

.1842 

1460 

.1160 

.0923 

26 

.4637 

.3607 

.2812 

% .2198 

.1722 

1352 

.1064 

.0839 

27 

.4502 

.3468 

.2678 

.2074. 

.1609 

.1252 

.0976 

.0763 

28 

.4371 

.3335 

.2551 

.1956 

.1504 

,1159 

.0895 

.0693 

29 

.4243 

.3206 

.2429 

.1845 

.1406 

.1073 

.0821 

.0630 

50 

4120 

3083 

.2314 

1741 

1314 

0994 

.0754 

,0573 


Formula for computing this table is: • A • , where A «■ present value of 

the investment (represented by the amounts in tables at different rates of interest), F >■ 
final vcdue, or $1, B — interest rate, and n niunber of years. Note that this formula 
is the convene of that used to compute Table 24. 

Example, What sum must be invested at 3% oompoimd interest to produce $1 at end 
of 20 years? A ■» unknown investment, or present value, F * $1, J2 ■ 3%, and n » 


20; hence ,'a JKuce log A « log 1 -- 20 log (1.03) — 9.7432 — 10, A 

( 1 . 03 )* 

,$0.5537. 

* To find the present value of any other sum, multiply that sum by present value of $1 
iot reauired number of years, as in this table. 
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StI. PMMut V«hi« of on AbwhI DMdoad of H, for • Twaa of •>' Toon, ol • • % 
(Booed OB lairood's Tobloo, SOth Ekl, 1920) 


Yean 

3% 

47^ 

3% 

6 % 

7% 

8 % , 


10 % 

1 

0.971 

, 0.961 

0.952 

0.943 

0.935 

0.926 

0.917 

0.909 

2 

j.9l3 

1.886 

1.859 

1.833 

1.808 

1.783 

1,759 

1.735 

3 

1.829 

2.775 

2.723 

2.673 

2.624 

2.577 

2.531 

2.487 


3.717 

3.630 

3.546 

3.465 ' 

* 3.387 

3.312 

3.240 

3.170 ‘ 


4.580 

4.452 

4.329 

4.212 

4.100 • 

3.993 

3.890 

3.791 


5.417 

5.242 

5.076 

4.917 

4.766 

4.623 

4.486 

4.355 

7 

6.230 

6.002 

5.786 

5.582 

5.380 

5.206 

5.033 

4.868 

8 

7.020 

6.733 

6.463 

6.210 

5.971 

5.747 

_ 5.535 

5.335 

9 

7.706 

7.435 

7.108 

6.802 

6.515 

6.247 

5 995 

5.759 

10 

8.530 

8.111 • 

7.722 

7.360 

7.024 

6.710 

6.418 

6.145 

If 

9.253 

8.760 

8.306 

7.887 

7.499 

7.139 

6.805 

6.495 

12 

9.954 

9.385 

8.863 

8.384 

7.943 

7..‘'36 

■Bni 

6.814 

11 

10.635 

9.986 

9.394 

8.853 

8.358 

7.904 


7.103 

14 

11.296 

10.563 

9.899 

9 295 

8.745 

8.244 

7.786 

7.367 

IS 

11.938 

11.118 

10.380 

9.712 

9.108 

8.559 

8.061 

7 606 

16 

12.561 

IK652 

10.838 

to .106 

9.447 

8.85) 

8.313 

7.824 

17 

13.166 

12.166 

11.274 

10.477 

9.763 

9.122 

8.544 

8,022 

18 

13.753 

12.659 

11.690 

10.828 

10.059 

9.372 

8.756 

8.201 

19 

14.324 

13.134 

12.085 

11.158 

10.336 

9.604 

8.950 

8.365 

20 

14.877 

13.590 

12.462 

11.470 

10.594 

9.8)8 

9.129 

8.514 

21 

15.415 

14.029 

12.821 

11.764 

10.835 

10.0)7 

9.292 

8.649 

22 

15.937 

14.451 

13 163 

12.042 

11.061 

10.201 

9.442 

8.771 

23 

16.444 

14 857 

13 489 

12.303 

:i.272 

10.37) 

9.580 

8.883 

24 

16.935 

15.247 

13.799 

12 550 

11.469 

10 529 

9.707 

8.985 

25 

17.413 

15.622 

14.094 

12 783 

11.654 • 

10.675 

9.823 

9.077 

26 

17.877 

15.983 

14.375 

13.003 

111826 

10 .8)0 

9.929 

9.161 

27 

18.327 

16 330 

14.643 

13.2)0 

11,987 

10.935 

10.027 

9.237 

28 

18.764 . 

16 663 

14.898 

13.406 

12 137 

11.051 

10.116 

9 307 

29 

19.188 

16.984 

15.141 

13.591 

12.278 

)l.)56 

10.198 

9.370 

30 

19.600 

17 292 

15 372 

13 765 

12.409 

I) 258 

10 274 

9 427 


1 — 

Fonnula for ccmputing above table is: On — —^—, where an preM.nt valie of $1 

per n-tiniiTn for n year^ e” ■> present value of an inveetment that will produce $1, at t given 
^vidend rate, in n years, and i >■ dividend rate. 

Sxamplt. If n 10 years, i • 6%, and v" * 0.6584 (see Table 26): 

1 - 0.65f!4 0.4416 „ __ 

On .. * y\ Ad * a* "Cw, 


0.06 


0.06 
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ESNl31NEEB$’ TABLES 


fT. PTMMt ViUt* of w Aaawd XttHdoad of 91 
far a Ttan, Thot Win TioM x% Sinylo lafarort. 
•aA otaw PiroTlAo Aaaaal Svaio Whfah.if btfoitod 
of 4 % CoaipeiiaA lotorost, Wni Kopfaeo OrifiiMl 
tavottauuit (From lowood and Koot; quoted by 
Hootw, “Prfa<^«e ot Miniug" ood Fbilay, “Coat 
of Mining”) 


V«ats 

9% 

6 % 

7% 



10 % 

1 

•WJ 

.94 

.93 

192 

.92 

.91 

2 

I.8S 

1.82 

1.78 

1.75 

1.72 

1.69 

S 

' 2.70 

2.65 

2.56 

2.50 

2.44 

2.38 

4 

3.50 

3.3t 

9.27 

3.17 

3.07 

2.98 

S 

4.26 

4.09 

3.99 

3 78 

3.64 

3.51 

6 

4.90 

4.74 

4.53 

4.33 

4.15 

3.99 

7 

5.66 

5.36 

5.09 

4.84 

4.62 

4.41 

6 

6.31 

5.93 

5.60 

5.30 

5.04 

4.79 

9 

6.92 

6.47 

6.08 

5 73 

5.42 

5.14 

to 

7.30 

6.98 

6.52 

6.12 

5 77 

4.45 

II 

8 03 

7 45 

6.94 

6.49 

6 09 

5,74 

12 

8.58 

7.90 

7.32 

6 82 

6.39 

6.00 

U 

9.08 

8.32 

7.68 

7.13 

6.66 

6.24 

14 

9 55 

8.72 

8,02 

7.42 

6.91 

6.46 

IS 

10.00 

9.09 

8.54 

7 79 

7 14 

6.67 

16 

10.43 

9.45 

8.63 

7.95 

7.36 

6.86 

17 

10.85 

9.78 

8.91 

8.18 

7 56 

7 03 

18 

11.24 

10.10 

9.17 

8.40 

7.75 

7 19 

19 

11.61 

10.40 

9.42 

8 61 

7.93 

7 34 

20 

11.96 

10.68 

9 65 

8 80 

8.09 

7.49 

21 

12.30 

10.95 

9 87 

8.99 

8 24 

7.62 

22 

12.62 

11.21 

10.08 

9.16 

8. 39 

7.74 

29 

12.93 

11.45 

10.28 

9.32 

8.52 

7.85 

24 

13 23 

II 68 

10,46 

9.47 

8.65 

7.96 

25 

13.51 

11.90 

10.64 

9.61 

8.77 

8.06 

26 

15.78 

12.11 

10.80 

9.75 

8.88 

«. 16 

27 

14 04 

12.31 

10.96 

9.88 

8.99 

8.25 

28 

14.28 

12 30 

II.II 

10.00 

9,09 

8.33 

29 

14.52 

12 68 

11.25 

10.11 ' 

9.18 

8.41 

30 

14.74 

12.83 

11.38 

10.22 

9.27 

8.49 


Table 27 ia oomputed by flw fbnniila: 

» if*-1 

P o present vaiue of anntiai dividend; 
n number of years tiiat the'idividend 
is received; r ■■ one year's interest on 
91 at 4% - 0.04; £ • 1 + r e. 1.04; 
A” <• value of 91 at 4% compound 
interest for n years, winch may be 
taken diteotly from TaUe 24 (thus 
avoiding use of logarithms); r' one 
year's interest on #1 at x%. 

Example. I<1nd present value of 
an annual dividend of $100 000 over 
20 years at 8% simple interest, and 
replaoing capital by reinvestment of 
an annual sum at 4% compound 
intereat. Then r 0.04, R m 1.04, 
r' » 0.08 and n * 20; whenoe 

„ 1.04» - 1 _ 

.04 + .08 (1.04« - 1) 

whidb, multiplied by $100 000 gives 
the present value required $880 400. 

Obviously, any desired interest 
rate other than 4% may be used for 
the sinking fuml, by using the appro* 
priate values for r and B in the 
formula. 


$8. Mlseellaaeoas Problems in Present Value Compotatioaa 
(By James F. McCldlaad, Vice>PreB of Phelps Dodge Corporation) 

1. Prewnt vaiue P of a deferred annuity or annual dividend of $1, to begin at the end 
of p yean and continue for an additional n years, allowing compound interest at x%. Let 
r one year's interest on $1 at x%; li ■■ 1 + r. Then 

r V«»* «"+»’/ 

In this formula, ^and-gg^p are the present values, at x% compound interest, of $1 due 

In p years and n -f P years respeotively and may be taken directly from Table 25. 

2. Present value P of a deferred annuity or annual dividend of $1, to begin jit the end 
of p years and continue for an additional n years, to yield interest on capital (present value 
of annuity) at 3% and to return capital throu^ investmentof balance of annuity at y% 
omnpdund interest. Letr ■> one year’s interest on $1 at i/%; A ■> 1 + r;.r^ * oneyear'a, 
interest on $1 at x%. Then 

• A“- I 

^ " (1 + f')^r + - d) 

fat this formula, A” is the value of $1 at y% compound interest for n yeui; (1 + /)* 
fa the ^ue of $1 at x% compound interest for p years. These values niay be taken 
directly froin Table 24. 

* 8. Present value of a series of irregular aimual divid«ids is the sum of prese nt valuee 

of each dividmd and may be oomputed from Table 2d. Problems also arias in wbieh it it 
d^ied to determine present value of a series of imgoiar annual dividmids, allowing. 
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for intanit on at onointarait late and ratara o^iital at a difftrant rata of 
itttoroat y. Than 

, — ^ 

I + 7 CB* - 1) 
r 

where P * preamt valoe; r •• one year’a intemt on $I at v%l it » 1 + r; r' <■ one 
ywar'e intereet on $1 at g%; n « number of years over whidi Ae dividends are reoeived; 
S m value of the series <d irregular annual dividends at compound intmeet in n yean at 
the rate y. in using this formula the value of each dividei^ must fint be computed, 
uang Table 24 tor this purpose. S is 
the sum ai such values. 

BxampU. Assume irregular divi¬ 
dends as listed in the accompanying 
taUe, when n * 5 yr; interest rate de¬ 
sired on investaoent, a; •" 9%fr' ■■ 0.06; 
andinterestrateyonsinldngfund ■* 4%; 
whence, it w 1 + r ■■ 1.04. S is found 
as follows: 

„ $6 984070 

P -- M --$5233663, 

1 + ^<1.04»-1) 
as proved in the taUe bdow. 


1 

1 

Year 

1 

Dividend 

reeeived 

Value of II 
at 4 % at «id 
of n yean* 
(from 
Table 24) 

Vatue of 
dividend at 
4 % at end Of 
nycan 
(ed 2 X col » 

let 

$1 330 800 

1.1698 

$1 SS6 770 

2nd 

1 426100 

1.1249 

1 604 220 

3rd 

1 208 700 

I.0816 

1 307 330 

4th 

1 208 700 

1.0400 

1 257 050 

5th 

1 208 700 

1.0000 

1 208 700 



1 5 - 86934070 1 


* If dividends are reeeived at end of each year, 
interest wilt aoeiimulate on the first dividendfor n—1 
years: on the second dividend for n — 2 years, etc. 


Year 

Dividend 

Annual 
intanet 
deaired — 6% 
on IS 233 663 

Balance for 
uniting fund 

Amount of 
■inking fund 
ato^of 

5th year 

1 

II 330 800 

8314 020 

$1 016 780 

It 189 430 

2 

1 426 too 

314 020 

1 112080 

1 250 979 

3 

I 208 700 

314 020 

894 680 

967 686 

4 

1 208 700 

314 020 

894 680 

930 467 

5 

1 208700 

514 020 

894 680 

894 680 

15 233 242 


Not*. If the setiw of irregular annual ihvidends is dsfsrrsd, 
first find P at and ei the deferment period, as abovs. prsssnt 
value of the deferred series is the prnent value of P. That k, P 
r ahould be disoounted for the number of years of dsfermont. 

Tgstiiwatee of future inomne from mining propertiM ordinarily invcdvs judgment as to 
future metal prices, market draaand and numerous variables affecting the time at which 
income will be produmd. It should be borne in mind that present values, ealoulated 
from such estimates of income, reOeet these judgment factors. A series of present-value 
calculations, < on estimates of future income under different assumptions as to the 
variable factors, is useful as an aid to judgment in determining a cash price for a mining 
property. Pr ea sn t-value calculations are invaluable in determining the relative v^ues 
of two or more mining properties, espeetally in the case of mergers, where payment for 
the properties is matte in capital stock of the resulting corporation. See else remarks in 
connection with TaUe 5, Bw 25. 
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SNOINEBBS’ Ti^LBS 


M. ValMt af f onriUpi Halt* 

FoQowliif fat tuam of U S ’'noaojr of Mnouttt.” iHm wteblfahod br ^ 8 mt of fh* 

iVeMUiy oa Joa 1, IMO, for otirattim tbo vahw of eurraaeiM of diffaroat ooiiatriM (at par tor soU 
uoita;nooiialdttnitafaav«Bofi3Eadpar withtfdd). ItttSaaretarjr'acirottlanaioiaraadiiitaitaily'. Tbia 
]»t ooropiiM eouatriM ia vfaiob aitoing la earriacl oa. 


Country 

< 

Monetary Urdt 

Vahrain 

USmoney 

ArgentiiM KapubUc 

Paao. 

$1.6335 

Australia. 

Pound. 

8.2397 

Belgium.. 

Belga. 

.1695 

Bdllvia . 

Boliviano . 

.6180 


MUraia. 

.0606 

. 

Britiah Hoaduraa. . 

Ddlar. 

1.6931 

Bulgaria. 

Lav. 

.0122 

Canada. 

Dollar. 

I.6931 

Chile. 

Pam. 

.2060 

. 

Yuan . 


Bong Hong . 

DdDar . 

.2325 

Oolosnbi&a a a eda e » • . 

Paso . 

.5714 

Coata Jtiim. . 

Colon ... 

.7879 

Cuba. .. 

Peso . 

1.0000 

Domlnioan Repub¬ 
lic . 

Dollar . 

1.6931 

Eeuador.. .. 

Bucra . 

.3386 

Egypt . 

FoiuddOO 

8.3692 

Finland . 

inaatera) . 

Markka . 

.0426 

IVanoe . 

Franc . 



Oannaay. • .. Retohamark. 

Groat Britaia. Found. Danuud. 

JuaOf 1940, 
S3.75^$3.8t 

QroBOO. Dmdltaw. I 


Ouatamalot....... Quetaal. 


.4033 

8.2397 


1.0931 


Haiti.Oourda. 


Hoaduraa. 


Lataplra. 


HuManr. 

Ii^^tfadi). 


Panto. , 
Rupea.. 



Valuatioa ia of gold paao. Papar nomlaally ooa* 
vertibia at 44% of feoa '^ae. CoavanioB 
auapendad Dae 16, 1929 

Coati^ of gold ezporta aathorlaad Dee 17* 1929 
Deorea of Moh 31, 1930; one belga equala 
3 Belgiaa franea 

CoBverdoa of aetea into gold auapendad Sep 23, 
I9}l 

Baaed tvon oAeial rata tor ndlrm aa aanovmoed 
bp Bank nf BiaaU. Convenioo of Stabiliaa* 
tkai^fliee notaa into gold auapendad Nov 22, 

1930 

Convandoa of notaa auapendad 
Excfaaage eonferoi aatabliabad Oet 15, 1931 
Embargo oa export of gold, Oet 19, 1931; 
redemption of Dominion notaa in gcM aua- 
pended dpi 10. 1933 

Venation ia of gold paao; raooived for eon- 
Teraion at 4 paper peeoa per gold paao. Con- 
veraion auapendad July 30, 1931 
SUvar Btandard abandoned Nor 3, 1935; bank 
notaa legal tender under Currency Board Con¬ 
trol; exchange for Britiak aurrency fixed at 
about lab 2l/3d,orabout29Vs4Ubperyuan 
IVeaaury notea and notaa of the three banka of 
IsBue nude lagid tender by aUvar nationaliaa* 
tion ordinanoe of Dee 5, 1935 
ObUgation to aell gold auapendad Sep 24, 1931. 
New g(dd content (rf 0 56424 gram gold, 
9/10 fine, elTe<Aiya Nov 30,1938 
Converaioa of notaa into gold auapended Sep 18, 
1914; exchange control eetab Jan 16, 1932 
By law of May 25, 1934 

U 8 money ia prineipal aireulating medium 
Converaion of notaa into gold aiupended Fab 9, 
1932 

Converaion of notaa iato.gold auapendad Sep 21, 

1931 

Converaion of notea into g<dd auapendad Oet 12, 

1931 

Monetary law of Oet I, 1936^ providing for g^ 
content of franc, aupetaeded by decree of 
June 38, 1937, wMeb ultimately will fix geld 
eontant of franc 

Exchange control eatabliahed July 13, 1931 
Obligation to adl gold at legal monati^ par ant' 
pmuladSqrJI, 1931 * 

Convanioa of notaa into gdid auapendad 24 

1932 

Convardon of notaa into gold anapawiad Mdi t, 

1933 

Natkmal bank notaa radaamabla on demand in 
DSdollata 

Gold axportp prohibitid Mob 27, 1931; lampim 
drculBtaa aa aqidvalaot of halt of U 8 dollar 
Exchange eontrcd e atabliahed Jtdy 17, 1931 
ObligattoB to aaD gold at legal monetary pm 
auapendad Sap 21, 1931 

Fiaatar pegged to Ikandr fimne at rata 6f I 
piaatar IS kpMM: eonuMdon into gold 
wmdad Oat i 1936 


liido<»iiaa. 


Piaatar. 
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ENGINEERS' TABLES 
▼aliiM ot For«icB Mooataxy Unite —Cmtifaud 


Couatty 


MoocUiy Unit 


Vahwia 

USmotey 


Raniarki 


Italy. 


Xi». 


.0S2« 


Japan.. 

Mexieo.. 

Yen (par, 0.894).. 
Ptao... 

.2343 

Metherlanda and 

Quilder (florin)... 

.6806 

crdoidM. /. 



Newfoundland.... 

Dollar. 

1.6931 

New Zealand. 

Pound. 

8.2397 


Cordoba.... 

1.6933 

l>teniLtn4. ..... 

Balboa. 

1,0000 

Paraguay. 

PtaO (Argentine). 

1.6335 

PftPidft . . . 

Rial. 

.0824 

Perd . ! 

Sol. 

.4740 

Philippine Uanda. 

Ptao. 

.5000 


Eacudo. 

>.0749 


Leu.. 

.010127 


Colon. 

.8466 


Peseta. 

^aits SetUementa 

DoUar., 

.9613 


Krona.1 

.4537 

Thailand (Siam)... 

Baht(Tioal). 

.7491 

Tiirlny. . . . 

master. 

.0744 



Union of 

Pound. 

8.2397 

South Africa.... 



Union of Soviet 

Cbevroneta. 

8.7123 

Republioe. 


.6583 

Uruguay.. 

Peao.. 


Hmt coM oonteot of 4A.77 mUUcrara* fiiMt gold 
per lire MtaUiahed Oet 3,1934 
Embargo on gold aporta Dee I3t 1931 
Deoree of Ang 28, 11^36 left the monetaiy unit 
to be later defined by lav 
Suapeneion of oonvertibiUty of notae into gold 
and reatrietiona idaeed on free gold exporta 
Sep 26, 1936: gold export prohilMtion repealed 
by decree June 28, 1938 

Neikoundland and Canadian notea legal tender 
Converaion of notea into gold anapended aiid 
export of gold reatrietad Aug S, 1914: ex> 
change regidationa, Dee 1931 
Embargo on gold exporta Nov 13,1931 
U S money la principal cireulating medium 
Paraguayan paper currency uaed: exchange con¬ 
trol cetablished June 28, 1932 
Obligation to pay out gold deferred Mch 13, 
1932; exchange control eetab Mch I, 1936 
Converaion of notea into gold auapendM May 
18, 1932 

By act approved Mch 16, 1935 
Gold exchange standard euapeuded Deo 31, 1931 
Exchange control eatablish*^ May 18, 1932 
Converaion of notei into gold auapended Oct 7, 
1931 


Biitieh pound and Straite dollar and half dollar 
lagal tender 

Converaion of notaa into gold auepended Sep 29, 
1931 

.Converaion of notea into gold auapended May 
11, 1932 

100 pisatera equal to the Tnrkub pound; ex¬ 
change control establiabed Feb 26, 1930 

Converaion of notea into gold auapended Deo. 
28, 1932 


Converaion of notaa into gold auapended Aug 2, 
1914; exchange control eatabliahed Sep 7. 
1931. New gold content of .585018 gram of 
gold per peso eatabtiehed Jan 12, 1938 
Exchange control eetabliahcd Deo 12, 1936 
Exchange cpntrol estattiabed Oct 7, 1931 


Veneauela.. 
Yngoelavia.. 


Bolivar. 
Dinar. . 


.3267 

.0298 


Non—Valuta in oeduma 3 are based on prwent arbitrary value of gold in the 17 S, now (194(0 
mppro* 835 per «a. 
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Licht 0|iirM nf«r to Toisais L 

Abaadoaad ntaa, reopening 10-88 
Aboadoomont of mtoing tleim M-'M 
of miniiig leaae tl-M 
if tunnel righto 8d-8T 
AontiToe, prtoee of 8844 
souroea (d 3-38 
Abeoloto tom p orat nr e 88^40 
Acceleratioa 84>U 
oalouUtion of Si'40^ 884i 
in hoieting 13-46, 12-47 
Acddeat conpenution 88-11 
Aecidenta, OToideble 88- 8 8 
oeblo>tool drilling 0--12 
in 00 ^ Bdnee 8S-iO «t Mg 
in dinntond drilling 3-61 
in haolege 11-46 
in metel minee 10-429 
reporto required 88-18 
Accoonta, enun of 88i4lf 
iniung 80-04 
Aocwacy of oimiding 80i4l8 
Aootytono in mine air 88-08 
aupporting combuation 88-18 
Add aino water, neutraliaing 18-21, 81-08 
waahing of filtera 88-88 
Addltjr in cpanidation 81^48 
ActiTatod oubon for water treatment 88-10 
aludge aewage diapoaal 88-88 
AddHloa, elgebraio 88-08 
Adhaaton, wheela to traok 18-18 
Adiabatic air oompreaaion 18i>04 
eomp r ee a ton. work of 88-08 
Adirondack nagnetlto ore 2-31 
Adjoataant of oompaa lT-08 
d omahing roUa 88-10 
of gyratory oruahar 88-08 
of anryay nota 1T>40 
oCtrandt IT-OT, UMW, 18-08,18-11 
Y-laval lT-08 

AduKaranta in lubricating oil 41-18 
Adraaca pillar robbing 10-601 
in rdaing 10-110 
Adaaodng tongwall 10-606 
Adyataa atoning cto la 84-Ot, 84-10 
Aatntton cyanide tato Il-IT 
of wator 88-80 
Aerial dnnndng 88-48 
prapaetiag 10-06, 10-24,10-37 
ropewaya in atopa 10-416 
anrrtorlng lT-4t et aag 
traaiwaya, daaifled 8 i " 08 
Aaraa miaafaa 14-48 
AanUOi bradUag amarataa 88 88 
Aareplaaa traaapart ■ 1044 
af drcdga 10-607 
AaiMa niaa Ian 14-42 
Afldavlta, daia looatiac 84-10 
Aftaraaalaig, aompndr 18-88 
Aftoidaagp 8IM, 18-88 
Agaof aada 8-30 
ofoabodia 10-08 
of'petoqlaiua 8-31 
Adpr^i Hr panweta 88-W 


Bdd-toce agnraa raf a to Vdnaia H. 

Agraaaanta. midng 88-18 
Agricultural laada 8^11 
Ahmed[ Mining Ca, concrete shaft aeto 7-18 
deyclopment 10-88 
open atoping 10-172 
Air btaato in mina 10-621,10-638 
metal mina 88-04 
Air, breathing reqdrrmcnto 18-18 
bridga, venttlating 14-18 
ohamba on pumpa 40-88 
for oombuBtion 80-31, 88-M 
eompoeitioa d 88-08 
oompreaon, work of 80-08 et a« 
conditioning in mina 14-68 d Hg, 88-48 
coaump of drilla 18-88,18-87 
eurrento, diatnbution of 14-07 d Mg 
nwMurement of 14 -21 at Mg 
for cyanidation 18-18 
density of 14-26, 88-84 
diach oooff of 88^^ 
engine, thamodynamia of 88-11 tt ««g 
flow in mine openingi 14-36 
through orifira 88-04 
friction, caff of 7-03 
lain in mina 14-11 
meauring quantity of 14-21 
in mina 14-02,14-03 
fa pneumatic ahafto 8-18 
reaistana of mine cara 11-87 
ahafto 7-08 
thermal data 14-67 
traaport in mioing 10-06 
vd fa pumping 18-48 d asg 
waha tor antbradta 84-10 
Alrdos coal blaster 408,88-88 
Abvflow maaenramanta, aaaaoy of 14-18 
Air-lift pomp 18-12,18-M d m« 

Air-Una lubricator 1^08 
Alr^Kk, madieal lf-48 
Air-praa aaasuraaents 14-28 
Afr-aand eaal-daaaint p r e c ea a 8 8 " 8 8 
Airwaya, ebanga in area 14-34 
economla da of 14-34 
layout of 14-04 
mlm, friction in 14-36, d Mg 
Ajai shaft, Colo, coat 7-30 
AJe, Aril, borahda aaaya 10-44 
boring at 10-68 
open-pit mining 10-446 
Akins claadfla 88-18 
Ala, agricultural laada 8448 
iron mina, aoraping 10-410 
iron mining 10-160 
limatona ^ning 10-151 
proapeetiag iron ora 10-34, 10-38 
Alaska, ablswajra tor piaea mining 10-644 
dngiiM plaar mining 10-640 
dredging 10-6S3 

drift mining 10-607,10-008,10-3lt d m 
duty of wata 10-366,10-367 
food for proepatoto 10-30 
ground-duieing 10-641 
hydraulic daratan 10-378 
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bydnutlis ainiac 

pUoar tniniat iritb atarator 10-874 
po#«r *anpm in i^oer miniac 1(MMA 
aroapaetiag ia 10-34 
nt to Bitaiag law MkrtM 
thawiac itoma envoi 10-417 
41a>ka QaaUa a a a aila<^ .hrinWaf. ttopiae 
10-305 

■toplag aathod 10-181 
atorag^attary lorn 11-SO 
Alaaka Jaaaaa OoM Mlaiag Co« aeeouola. 

Sl-U 

Alaaka JaaAm aJaa, boaaa syataai 
ahrinfcaga atopiag 10-203 
troUay locoa 11-40 
wiacea 10-121 
ahaftt coat 7-34 

Alaa ka Ttaadwall adna, <Auto-gata, 10-411 
diaaioad drilling 10-45 
idory-kola 10-400 
■brinkaga atoping 10-257 
undarhand atoidng 10-127 
Alaaka Traadwall Mialag Co, aoaounta IMt 

i#0 

Al k arta, adaing law 84' 41 

Albaitlta 2-81 

AMaa kcaka for maaauriag power 4 4 -4 8 
Algaa ia watar, 88-84 
Algar coal dadastar 8848 
Algakra i8i«4 8 ft «ag 

Aliap dapaodaata, rompeaaadon of 88-18 
AliaamMBt, ahaft-plumUag by lOagg 
of abaft timbara 7-15* 7-15 
in taping 17-18 
Alkali in cyaaidatioa 81-18 
Allan A Oarda adaa iUp 13-114 ^ 

AUla-Ckalaiara baO-mOl 88-18 * 

AUoaaa adaa, devalopmeBt 10-88 
opan atope 10-174 
Anaya, ooaip^tian d ndll 
Anuvial dapoaita 10-533 
minanda of 1-11 
gravel, bonng » 10-56 
driva-pipa aampling 10-57 
tast-pittiag, 10-33, 10-84 
proapaating drill 0-08 
tia adhing ia Malaya 10-010 at aag 
Akeiatioja of orabodka 10-00 
’of rock 10-18 
Altamatlag carraat 4441 
Attoraatiag-carraBt drcidfa 48-18 at aag 
alaoirioal proapaotiag mathoda lO-A-lO 
ganaratom 48-18 ac aag 
Attttndo by barometar 17-88.87-88 
effect on bramthing 18-18 
on eoupramion 18-4W, 14^ 
on oompreHor eapne il-47 
Alaaina in aaaay diargaa 8IM18 
Aiaadnaai aa elM conductor 48'0 8, 48 i88 
ora of,' 3-30 

pradidtation brom eyaalda aols 30 « 88 , 38-84 
AaialtaiB, trertmant of 88-44 
A i a a l ga ai a t ad C ap p at Ce, aM tintbaring 10-220 
Anul ga a m tl a n aaaay t l Mt 
ofgold SS-48a|aat 
t ying 88-48 

Aaaan iraa dlatr, boring la 10-01 
Aguaa Porter adaa dtaaater 10-520 
AaMtar, taikitar 1-40 
AmmUt Gtaiai lo cattoa. Onlif S4>8t 
AaUMlaaa Altar 88-88 
Mauitta tet ooHaater 88 '88 
fHMuatatlor pantor 88-81 


Amarleaa rope drive 44-88 , 

8ak A Bat Co, organiantlba 8A48 - 
AFX eaaiiig-pipp n>aoifioationa 9-30 
Btaal darrieka 0-17 
A 8 T If alaadard acraaaa 8448 
AmmMat 48-07 
AaiaaoBfai dynanitoa 4rOO 
galattna 4-00 
AaranriMtoa ninanl 1-03 
Apoittsatfca ot tainm 31-80 
prineiplaa of 80 -00 
Anver# 4848 
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buneb blaatiug 0-14 
flat-back filled atopa 10-248 
minaakip 13-110 
minea, glaaa mod^ 10-11 
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cyaniding 33-00 

Anti-parallel alec distribution 49-30 
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Arches in mines 10-519 
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specifio-gravity 31-31 
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Attritien error in boreholae 10-40 
Auburn Cal, placer mining 10-545 
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control of dec bolds 10-11 
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reading 17*48 
traverse 18-07 
notes 18*88 
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Back, mining 10-04 
BacbflH ixsss on pipes 88-81 
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Badt-proosarlng of oil wells 44-88 
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in water 88-88 
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Bank blasting 3-13 
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Bara, reinforeing oonerete 48-18 
BartM HiU mins, methoils JO-142 
Basalt 2-06 

Baao-Uao for triangtilation 18*47 
.U 8 lands 17*46 
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Baachas in braut atopas 10-134 
hydraulie-mining 10~fi83 
Malayaa tin minea 10-024 
open-pit iron minea 10-tiS 
in underhand atopea 10-lU 
Baadigo gold orca 2-20 
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atreaa in hoiating rope 12-23 
Btreaaaa in jnpaa 3i>41 
Baada in airwaya 14-27 
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Baaguet Mia Co tramway 30-41 
Baaaett miaa, Maaabi, acraping 10-410 
Berlin, Bar, hand atoping 10-120 
Baraoulli’a hydrodynamic law S0>-11 
Barry eroaaltaad 12-97 
Beryl, ocourrenoe of 2-32 
Bevel framing aquare^et timbera 10-217 
geara 41Hlf 
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BMar-Watsoa alee pravnctiag method 

lO-A-17 

Big Cr tunnel, procedure 0-24 
Big Jim cyanide plant SS-ST, SS-tO 
Big Lake oil Bald, Tex, temperature lO-A-20 
Bilbao, Spain, iron ora 2-22 
Bingham, Utah, chute-gate 10-407 
copper deposit 2-23 
enriched none 10-20 
hand loading 10-301 
mine development 10-82 
open-pit mine 10-440 
aiQ-floor timbering 10-223 
atoping method 10-206 
vcrt-face stope 10-208 
Blnoadal theorem 34-04 
Bias, ore 12-126 et iteq 
removing sticky ore from 14-04 
streaaea in 12-131 et teq 
Biram anemometer 14-22 
Bird Biter 34-37 
Birmingham, Ala, drifting 10-09 
Bisbee capper deposit 2-23 
glory-holing 10-460 
Mitchell slicing 10-228 
sill timbering 10-219 
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top-slieing 10-316 
trolley locos 11-41 
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penalty fm 83-08 
source of 2-26 
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detachaUe 6-08 
diamopd-drill 9-48 
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for plaw prospecting 0-41 
reek-driQ 5-03 et sag 
standard cil-weil tig 9-11 
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ndhni, ^tasting cost 14-07 
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uaes for 34-68 
joint conference 38-64 
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Mack powder 4-07 
blasting 6-16, 8-18 
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magaaina 4-14 
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smoke 84-68 
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Black aanda 2-26 
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Blackdamp, eomposiUon 3tHNI 
deteotora S4>^ 

Blacklisting 33-14 
Blades of mine fans 14-61 
Blake Jaw crusher 34-03, 34-63 
Blaslus-Nikuredae hydraulic curve 34-13 
Blast in gaa producers 40-43 
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Bleat-bole chum-drUUng 9-43 
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caps 4-26 
diapoanl of 4-18 
Chino mine 10-438 
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clogged chutes 10-406 
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formulas 6-17 
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gaaeoua products of 34-47 
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hydraulic-mine banka 10-668 
machine 4-21 
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in tunnda 6-14 
Marquette Range 10-436 
Meaabi open-pits 10-436 
Morenei open-pit 10-460 
New Cornelia mine 10-448 
powder, black 4-07 
precautions 4^22 
in ahafU 7-09 
special purposes 4-22 et eeg 
stamps 3-11 
theory of 6-11 
timbers, top-elioing 10-300 
United Verde open-pit. 10-442,10-44| 
Utah Coppw mine 10-440 
BlasHniHset in shaft-sinking 7-17 
Blaw-Kaez coal deduater and 8her 88-88 
Blo^ method of top-slieing 10-318 
quarry 6-24 
riffle 10-664 

ayatem of atoping 10-198,10-200 
Blo^-cavlag 10-339 et eeq 
subeidenee 10-626 
eummary 10-889 
1W <KM««»«g 10-126 

Blocking of square-sets 10-223 
Block P adne, overhsad sloping 10-388 
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Blower tens in mines 14-14 
. Biowan, displacameat 11-88 
prejsore 14-84 
vendlation 6-81 
work of 84*13 

Blowing for veutilatioit 6-31,14-04 
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Bluastoos, nature of 2-28 
Board measure 48<>8t 
Boat sUpmeats of esplonves 4-10 
Bobs for shaft plumbing 13-lT 
Bodeaaiais coppw depolSt 2-23 
Bodie, Cal, hand drifting 10-93 
Bodlasoa Mfg Co, dragline dredges 10-603 
Boe placer miae 10-576 
Boiler horsepower 86^6, 40*tt 
settings 40-14 
tubes, listed 41*13 
water, purifying 4040 
Boilet-ie^ pumps 40-33 
Boilers 40-03 et teg 
beat transfer in SO-SO 
for steam thawing 10-617 
Bolling of domestic water 33-30 
Belling point, altitude by 17-40 
Boiling points of substanaee 39-33 
of water 37-03 

Btdse Basin, Idaho, dragline dredging 10-606 
Boleo mine, conveyers 10-417 
Bolts, listed 41-30. 41-31 
strength of 43—S3 
for wood-work 43-37 
Bond in brick masonry 43-10 
in concrete beams 43—13 
Bond and lease 33-03 
form of 33-07 

Bondii^ of steel rails 11-15. 16-67 
Bone ash for cupels 30-13 
Bony coal 2-30. 34-03 
disposal of 34-03 

Bonne Terre mine, drift round 10-00 
sealing roof 10-134 
Bonnet, houting-eage 12-09 
aafety-lamp 33-33 
Bonns for safety 33-47 
system for snaft-rnnking 7-06 
system of wages n-06 
Boom, sliding, in tunnding 6-23 
Booming 10-541 
stripping by 10-24 
Booster fane 14-00. 14-42, 33-30 
etations on pipe lines 44-33 
Boots of bucket elevatore 87-33 
Borates, oocurrenee at 2-82 ^ 

Betaa fw aeeaying S04S 
bead testa 1-00 
Bouroea of 2-33 

Bord*«nd-piUar eoal mining 10-505 
Borelwle data, oomputing 9-68 
pump 10-13 
sampling 9-31,10-80 
Meeabi 10-68 

Berehelae, eatimating tonnage from 10-71 
eatraeting minerals by 10-898 
JoeaUnt 10-86 
pompiBS tkrou^ 18-07 
reabtirity meaanrementa lO-Ar-10 
for sand tfling 10-4218 
apaeiag 10-W 

Boring, deep, in roek 10-57 et eeg 
Kind-Chandron 7-22 
methoda. blioioe of 0-69 
cegantaation'for 10-37 


Boring, proopeetii« by 10-84 e< ssg 
records 10-47 et seg 
Bming and aampling ptaetiee 10-54 et 
Boring before abaft-rinklng 8-02 
BortdrttUngMt 0-65 
Boryslaw oil Bald, swabbing 44-14 
Boh, volcanic 2-10 

Boston Conatd ndno, methods 10-371 et seg 
Boston leveling red 17-63 
Bottle agitation test 31-16 
Bottom-cut round in shafts 7-00 
Bouebe'a formula for pipe Un« 36 i 3 4 
Boulder bluting 5r30 . 
quarry 5-24 

Boulder Co, Colo, gold ores' 2-26 
Boulder Dem, cableway 36-48 
Bouldera in drift roinee 10-600 
in hydraulic mining 10-553 
in shaft-einking 8-02 
Boundary caving drifts 10-352 
crooked 17-38 

Boa elevator, hydraulic mining 10-574 
Boxes for drill cores 10-53 
Boa-bead type of tramway 26-40 
mono-cable tramways 26-41 
Box-type scrapm 27-18 
Bracket, eurveying 16-04 
Braden ntine, block-caving 10-861 
combined method 10-383 
drift lagging 10-108 
hand sloping 10-126 
pilot raises 10-109 
sloping method 10-131 
Bradford coal breaker 86-65, 33-03 
oil field, water-fiooding 44-33, 44-33 
Brake engine for hoists 12-16 
horsepower 30-03 
Brakes, hoisting-drum 12-14 
mine-csr 11-13 
tramway 88-33 

Brakpan mine, Rand, development 10-00 
Branch pipes, ealculation of 30-13 
Branched ebutee, block-caving 10-340 
raises, eub-level caving lO^^fi 
Branch-raiH Hvlng 10-357 
Bratt rHUBcitator 35-57 
Brattice cloth for rescue work 3 3 -83 
mining 14-13 

Braun Mmide grinder 33-07 
BraxiUan iron ore 2-22 
Breekage of anthracite 34-31 
Breaker, anthracite, ideal S4-0i 
products 34-08 
refuM 34-06 
for flushing 10-516 
rolis, anthracite 34—17 
atructuree 34—14 
Breaking sharacter of rocks 6-09 
eoal at strippings 10-467 
ground in coal mines 10-611 
fiat-back etopes 10-256 
Malayan tin minw 10-625 
in open-cttta 10-430 
Rand 10-146 
in atopes 10-124, «( seg 
load 48-03 

parts, iaw-oruaher 60-64 
Breast stepfeag' 10-124.10-183 et ess 
Boleo mine 10-417 
Breeetlaf in drift mines 10-607 
Breests, ooei’flrine 10-481 
Breethb^ epparame, pcetable fiS-M 
oxygen ooMuoMHi IS-lf 
Breccig 2-03,8-07 
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BcMelK fMilt S-18 
flmiUti 10-1€ 

Bncciatsd irovad, 1M-8t«to dirtr, lO-lST, 
10-141 

Brawe, eoka tl-M 

Bilek muonry 40-10 
from ahale 8-28 
varietiM 4S»ie 

Bridmd ehvto, Blaek Book miiw 10-400 
Frood miM 10-804 

Bridi*. «imb«r 48-40 
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BirtdgMi atruotwal-atMl 48-81 
Brig^ ^nophoae 9-07 
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mine, underhand aquere-eettinc 10-310 
BflCht, Vietorie, dred^ng 10-808 
Brine veUa 10-308 
Bristol plotUng derioe 10-IT 
reoor^nc toce 80-80 
BritumU Beech, payroll ayatem 88-10 
Britenale mine, deviation of bordiolea 0-63 
hand eorting 8^17 
maehine loading 10-104 
scraper loading 0-16 
tunneling 6-17 

Britannia Min A Sm Co, bonus system 18-07 
British coal mining 10-406 
rope drive 41-08 
thermal unit 88-80 
British Columbia, hand sloping 10-186 
mining law 84-88 

Nickel Co, tunneling 6-17, 6-24, 6-26 
idaeer driUing 0-42 
Broaching of rocks S-24 
Broken SOU mines, oomi>-air venUlation, 11-84 
Broken Blil] South mine, chutes 10-404 
shaft-plumbing bucket 18-80 
survey spads 18-08 
underhand aquare^t stope 10-210 
Bndren stone, quarrying 5-26 
Brown cyanide tank 88-17 
hematite ore 8-21 
proeess paper 17—11 
Brown 4 > MUIs oaygen apparatus 88-86 
Brown ft Sharpe wire gauge 48-06,48-06 
Bmcite, tests for 1-SO 
Brunton magnetometer 10-A-08 
pocket transit 17-06,1 8 - O i , 18-18 
samplers 88-06 
■ainpling shovel 88-07 
Bmah^ in coal mines 10-474 
BiysAt 12^07 

Bwdt Mt cosl seam, headings in 10-511 1 * ase 
Bnokheard for assay samples 80^ 

Bncket conveyers 87-81 
effic of drstfine exosvators 10-455 
devators t7<^ 
hooks 12-04 

Bucket-laddsr drsdges 10-577 at sag 
Buekoli, dredge 10-588 
for devaton 87*08 
for hand windlaao 18-87 
hoisting 12-01 et sag 
for whte hoieting 18-86 
Bwn«s*Armstresg chum drill 0-48 
Bnda-Hubren wdl digger 0-08 
BaSslo ndno, methods ,10-276 
Buggy brosst 10-481 
B-tfif shaking enmen dltvo 88-08 

‘ 8-28 

10-5M 


BuUdiBg slonss, oeemrenee * 
Bnil4j|ft|g, struetmsl s te d 4 
Btdkhaads agsinst mqd runs 
fat Bushing 10-517 


Buttrlisads, hydrastie-mino 10-888 
timber 10-288 
Bullard's Bar dam 10-553 
BuUdoters, escavatiag with 8-07.8-14 
BuUdosing ehamhor 10-898,10-400 
Franco 10-468 
Bnllimi, mdUng 8 1- 06 
BuUwhed, ml-wdi rig 0-10 
Buldo, New Guinea, dredging 10-507 
Bttlowat Syndicate undercurrenta 10-570 
Bultfonteia diamond aiine 10-308 
Bumpere, mine-ear 11-08 
Bnmpa in coal minee 86" ''6 6 
in mines 10-021 
Bunch blasting 0-14 

Bunker RiU ft SuUivan, accounts ft-fll tt seg 
carbon consumption 9-55 
diamond drilling 0-50 
filled square-sets 10-200 
shaft, cost 7-24 
trolley locos 11-40 
Bunkers, suspended 12-128, 12-133 
Bunting's rulaa for mine cover 18-03 
Burbank oil Add, repreeeuring 46 6 0 
Bureau of Mines MtabUshed 84-18 
Buried placers 10-535 
valleys, danger from 13-08 
Burma Corp, accounts 81-86 
Burned cut 10-04 
in tunneling 6-08 
Bumettising td timber 43-88 
Burning point, defined 41-18 
stumpa 3-12 
Bums, treatment of 88-44 
Buna Burra ndne, raiae round 10-114 
sub-level etoping 10-185 
tunneling flH17 

Burrell methane Indicator 88-88 
Burro Mt, N M, churn-drill sampling 10-47 
Burrowing animals aa aida is prospecting 10-84 
Burt solar attachment 17*58 
solar compass 17-86 
Business management of mines 30-03 
Bttstenari oil mining 44-64 
Butane in mine air 88-04 
Butte, back filling method 10-244 
boring record 10-49 
Calyx drill in winsca 10-123 
copper dcpceite 2-23 
erecting square-seta 10-225 
extingiusbing fires 10-428 
fiUed rill stope 10-264 
flat-back filled stupee 10-244 
beadframes at 13-77 
hoisting guides 12-83 
jackhammer drifting 10-101 
machine loading 10-105, 87<40 
mine car 11-07 
mine mapping 18<46 
mines, cooling 14-58,14-61 
reeovoy ti caved stops 10-238 
rill etoinng 10-208 ' 

Bhalte,coet 7-25 
shaft-plumbing device 16-17 
sill timbming 10-220 
silver ores 2-25 
sorting chute 10-404 
timbm consumed 10-828 
tramming 11-*^ 
trolley loooa 11-41 
Butterfly ebats-gats 10-410 
Bttttars Attar W B 8 
By-p»dact cefca wvisM AMA d seg 
By-productn of coking 86-M 
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Cftiwtu dd Pwto alM, filled ctope SO^SfiS 
CeUe leeda underground 
dl-weUrig 9-10 
niM on trnuwun fMM 
Cablee, formulee for IMM <H Mg 
twinHisbIe trammiy , 

CuMe-red tocos 1»-U 
C«bl»dod drilling for oil M)0 d Mg 
rigi, epedfiontiona 9-14 
M rotery drilling 9-S4 
CnUoirsys >MM, fifi>44 «f Mg 
light fi«-a 
movebto 19-44 
nt open-cut ndnee 10-4S3 
in pieoer mining 10-M4 
in roek exeavetion S-23 
trench 8—11,8—14,8—18 
Cadmium, eouroe of 3-20 
Caedum, eouree of 3-20 
Cage and akip acddanta 18-41 
Cagaa, hoiating 12-07 e( Mg 
paaaing point of 12-10 
Cagtof of mine oara 13-46,12-108 
Cain'a formulaa for bine 12-182 
Caiaaon diaeaae 19-4T *t teq 
work, N Y lawa on 9-14 
•Calamine 2-28 

Calamon mine, fiUed-riil atope 10-273 
CalaTCraa Central drift mine 10-010 
Calareraa Co, Cal, placer mining 10-648 
Caleulattona, milliag f Ml «( acg 
from aami^ng 16-11 
Cdculna 80i40 et Mg 
Calibratiag aratt-hr meter 42-81 
Calif, eentral, dredging in 10-688 
coal mining 10-600 
eoat of oil weUa 9-30 el teq 
dragUne dredging 10-600 
dragline placer mining 10-600 
dredge 10-677 

drift mining 10-007,10-608,10-010 
hydraulic minea 10-668 
hydraulic mining 10-662 
Mining Act of 1937 14-11 et teq 
northern, dredging 10-602 
oil-well core recovery 9-83 
derricka 9-18 
awHch lT-60 
Callow flotation coll 81-14 
Catofto 89-10 
Calorifle vnlno of cod 2-80 
Catarimotara 40-46 
Calox dtiniag mod 9-19 
Calumd * Arizona ndno, Mitchell nUeing 
10-227 

recovering timber 10-224 
CdonMl A Hod* mine, development 10-87 
hoiating apeed 12-40 
inclined aquaro«Bt 10-282 
atttUed open atopO 10-107 
ventilation 14^ 

Cal^ drill in winaaa 10-131 
drilling 9-61 
Caaaela-hair balta 4t-6f 
CaaMtaa, aerial lT-49 
Camlnottl Act 10-682 ■ 

Camp bnildinga. Nor Ontario 10-78 
atrueturm, eoat of tMW, fiMW 
Campbell mtoe, fiUcd-rill atoping 10-866 «t aag 
Mitchdl alining 10-228 
Campiae dint, Beig, ahaftdnUag 8-22 
Caaa6a, mining lawa 24-64 d teq 
amelter aetttemanta 22-14,28-16 
Canglii dcaign of 28-24 at Mg 


r!-—I- riaht of wav 24—11 
Canam Motala Cofp» de^hole hammer drilling 
10-71 

Cananea, timber conaumed 10-224 
top-alidag 10-802 
Cananea Cone ore bin 12-129 
Canariea for detecting carbon monoxide 28-lT 
in rmcue work 26-68 

Candelaria mine, open underhand atopa 
10-166 

Candle Cr, Alaeka, water thawing 10-019 
Candle power, defined 42^42 
of eafety lampe 22-26 
Cantfiever beam 48-02 
retaimng wall dO^Ml 
Canvna belta 41-07 
tubing, ventilating with 14-16 
Cap erimpera 4-29 
methane 29-20 

Capac of aerial tramwaye 26-68 
of anthracite breakera 24i-IT 
of comp-air pipee 16-14 
of cone crusher 28-66 
of eruahing roUa 26-12 
of elec locoa 19-12 
dec, unite of 42-62 
faetor, power, defined 40-64 
of fan-pipe ventilatore 14-16 
of gyratory cruehera 29>4W, 22-66 
of hoiating ahafto 10-84 
of jaw crushers 22-68,29-04 
of loeo batteries 19-14 
of pump 40-29 
reactance 42-14 
of reveraible tramways 2i-t9 
of storage battery 4^44 
of etorage-battery loooa 19-12 
of tube-mills 28-12 
M efiSc of boilers 40-09 
Cap-buttiag aqnare-aeta 10-214 
Capell fan 14-40 
Capital account, mining 10-64 
requiremcnta, cetimating 22-24 
CapitaUxed coat 42-02 
Capote aliaft, timber treatment 7-17 
Canilag wire ropa 12-28 
Capplnga and goaaana 10-18 
Capa, blaating 4-12, 4-20 
in equare-aet ctoping 10-108 
Car, determining die of drift 10-03 
dumpe 11-80 
hauls, motor-driven 16-11 
eervidng, mechanioal loading 27-29 
atope 11-80 
on oagee 19-103 
for tunnd driving 8-20 
unloadera 84-21 

Carbide, yield of acetylene from 28-68 
Carbon in eyanidation 88-67 
dioxide, effect on lamps 88-19 
in mine air 28dW 
outbonte S8-09.88-d0 
physiologieal »B«et 28-17 
minerals 2-20 d Mg 
monoxide, detecting 28-29 
effect on caiaaon disease 18-82 
in fluegaa 28-22 
in mine air 22-8^l2^4t 
in mine fires 12-n 
physidogioal efleet 12-17 
tetraehtoiida fire axtiaguishcr 28*88 
Cgrbcnataa In rodaa 8-02 
Carbons, leas 9-64 

Unitad Vorde mina iO-67 
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Cwbta«l«n M-41 
Cutes CMl MtCtM 4-08, St-U 
Cu« of ftnuteuaatins itUtu H Qt 
of lioiatink rope* 12-26 
of Imd ■Uirtgs battery' 
of Eodne-reecoe apparatiie W-ff 
of traaeit ]!T-06 
Caribou naduciureat 10-070 
Carload ahipmoata of eaidoaivei 4-10 
Carnot cycle 08-40 
Camotite, oecurreaee of., 2-27 
tMta for 1-60 

Calpentu centrifucal dryu 00-U 
Carr drill bit 6-03, 6-04 
Carriage, drill 6-08 

Montreal mine 6-07 
for cableways 26-44 
mounting of drilla 10-06 
tramway 26-18 
for trenob drilling 6-28 
Carrlera, cableway, apadng of 26-06 
reveraible-tramway 26-86 
tramway, tranaferring 26-08 
twin-cable tramway 26-88 
CarrysO ecrapera 3-07 
Care for loading sluicea 10-648 
Malayan tin mince 10-623 
in rock excavation 6-23 
in rock quarries 6-26 
for ehipping exploaivee 4-10 
underground 11-03 et sag 
Careen Hill mine, square-set shrinkage 10-392 
open-pit mines 10-464 
Cartridges, explosive 4-07, 4-11 
Carts, haulage in 8-06 
in rock excavation 6-28 
Cary A riiaft. Win, guniting 7-20 
Casmde tnnnel, advancing 6-07 
Casing, (Uamond drilling 9-44,9-61 
oii-weil, cementing 0-80 
pipe, ^-well 9-26 et ssg 
pomps, oil wdl 44-18 
strengUi of 9-29 
troubles, oil-well 0-29 
wash-boring, pulling 9-03 
Cupiaa mine, top-dicing 10-810 
Casaitarlte, occurrence of 2-27 
Cast iron, properties 48-42 
Csst-iron jupe 88-17, 88-19 
listed 41-18 
Castset diamond bit 9-66 
Cathode and cathions 48-84 
Catskill aqueduct pneumatic shaft 8-14, 8-16, 
8-16 

Causes of aecidents in mines 28-87 
of V B coal-mine fatalities 28-88 
Caved ground, leakage of air in 14-16 
ventilation 14-06 
stopas, recovery 10-283 
Caving 10-124 

me^oda of miniug 10-207 at esq 
summary 10-370 
ventilating in 14-21 
aub-favel 10-824 et teq 
Cavttite, rdek 9-18 
CavKy-fUed arabodioa 10-11 
Cavour mhu, hand stopiitg 10-126 
Ceag deetric lasBif 28-87 
Cedu trued, properties 48-61 
CsBulase, oompodtion 8-20 
Cassent ooppw, recov er y of 20-899 
CemaiUptton of oil wdls, tetepeurvey lO-A-27 
for abaftHsjnking 8-28 
Csssadsd plaeu jmval 10-636 


Cemaatiiig diasMad-drill hdos 9-61 
dl-wdl eeamg 9-30 
Cements, soureas of 8-28 
varietiaB 48-09 
Cenosuie rocks 8-18 

Cantannial aeppu adna, davdopmant 10-88 
Cantannial-Bureka mine, oriba 10-223 
domed stops 19-206 
Center of preea, bydrsulie 88-06 
Centen of gravity 88-48 «(teq 
Centervllla. Idaho, dredging 10-692 
Central Copper mine, devdopment 10-86, 
10-36 

<nl-wdl pumping plaata 44-18 
Patricia camp buildings 10-78,88-88,88-67 
Centiifttgsl compressors 19-08 
dryers 88-84 
fan 14-39 
force 3947 

mine pumpe 13-12 et eeq 
automatic 13-19 
pump 40-88 el eeq 
pumps for gravd 10-576 
in mince 18-18 
oil-wdl 44-18 

Centrifugal-discharge devawr 27-88 
Centriprtel force 88-87 
Centroid of forces 88-48 
Cerium, source of 2-26 
Cerro de Pasco mine shaft pocket 12-120 
taping 18-14 

Csrtticate of claim location 17-84, 17-88 
Cbaiu conveyer, Pittsburgh seam 87-60 
drives 41-11 
equdising hoist by 12-03 
pillars for water protection 13-04 
Chain-bucket conveyers 87-81 
dredges 10-577 et eeq 
Chain-driven compresaors 16-17 
Chains for bucket dsvators 87-68 
for dsvators, etc 84-84 
on hoisting cages 12-102 
Chairs, lending 12-104 
Chalcocits as evidence of enrichment 10-20 
Chamber blasting 6-17 
workings 10-176 et eeq 
Cbamberii 4 of blast holes 4^20 
Champion Copper Co, accounts 21-68 
Chamdon mine, bonus system 88-67 
chute-gate 10-411 
8Ued slope 10-262 
machine loading 10-104 
raising practice 10-118 
scraper mucking in shaft 7-11 
Chaues coal-cleaning system 84-l(^ 84>>i8, 
88-18 

Chandler mine, sub-levd esving 19-828, 
10-334 

Change honeee 88-61 
Changkot, Mdayan 10-621 
Channd eampUng 88-11 
Cbanneleta, quarry 18*40 
Channeling, quarry 6-24 
Channels, flow of water in 88-17,8S-ti 
Chapia mino, filled atope 10-269 
levd intervals 10-326 
abaft-dnktng 8-21 ■ 

Chsiuetefictie enives. oentrifngal pumpe 4868 
eteeq ' 

Cbsfuetertrtics of fans 14-44,14-60 
ot indueUon moton 46-68 
Chsnosl predpitation from cyanide sde 88^8, 
88-64 

(eetingon 1-08 
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Chug*, baa*, for analtiiic •■•mt 
Cbargaa for bouldar btaating 
fw eburiMlrill Uaata b-15 
for ooyota blaata A-'19 
for maobiite-drill blaata 0>14 
for Bcorifioation aaaay MNU 
tyiMcal aaaay MHW 
Chugiag blaat holea in taanala A-12 
deep holea 
exploeiveB 4-19 

(Charleroi abaft, Belg, waBing 7-21 
Chaa. Snyder aampUr S9-M 
Chadt aaaaya JO-IS 
payment of wagee by SMO 
aampling OS 
valvea for pumpa 13-16 
Cheeking in and out of minea tS>i6 
of levd notea 17-36 
traveraea 17—19 

Cbeck'-ofl at anthradte minea St-16 
Checka on aampling S6-17 
on aurveye 17-61 
ChackHMuapling placera St-14 
Chemical elementa S7-6S 
equiyalent, defined 4S-S4 
Chemicrda, prieea of Si-t4 
Cheaaiatry of eyanidation SS-6T, SS-6t 
Cherry picker in tunnela 6-19, S7-S0 
Chday hydranlic formula Sit>14 
for ditebea St-66 

Chicago draliuge canal cablowaye S-23 
Chicken laddera 10-133 
Chickaan minea, Korea, hand drifting 10-98 
hand atoping 10-127 

Cbi^ Coneol, deep-hole drilling &-07,10-69 
drill-hole record 10-62 
abaft, concreting 7-19 
Chile Copper Co, accounta Sl-St 
Chile Exploration Co, churn drilling 10-87 
open-pit mining 10-460 
ChiU point 41-18 
Chidiheya, effio of 40-14 
formitiaa for 39-69 
lead-ore , 10-168 
Chinaman chute 10-408 
Chineae meaaurea 46-11 
Chino mine 10-438 
blaat-hole drilling 9-44 
churn drilUng 10-69 
ehum-drill aamplea 10-46 
‘ proepect drilling 9-43 
atripping mtimatea 10-470 
Chip aamplea of buried outcrop 10-67 
Chip aampling S^IS 

Chltitn Cr, Ataaka, hydraulic mine 10-860 

Chlorination of water SS-S9 

Chock mat. Band 10-148 

Choiee of driUa for atoping 10-183 

Choking of oil wella 44-64 

Cbidera SS-34 

Chonolith 2-10 

Chord mothod of plotting 17-11 
Chrlatio coal dryer St-S3 
Chroau oroa, aole of 3S~lt 
Chrai^iun in eyanidation 8i-8f 
orea t-26 

Chryaotilo, ocourrenoe ot 8-tB 
Chugnicamata. Cfaila, chum drilllag 10-67 
open-pit mining 16-460 
Chora driUitig 10-87 
Ajo, Alta 1(1-89 
by hand 6-07,9-08 
Chaim difila, oabla 6-10 
for proapaoting 9-41 at aea 


Chnm dfifia, for aampling plaeera St-li , 
in Btopea 10-136 

Cham-drUl biaating JLO-443,10-463 
ehargen 6-16 • 

blaat holea 9-43 ’ ^ 

eable-to(d 9-09 el aeg 
aampling 10-44 
Chute breaat 10-481 
coal loading, antomntie l i 09 
loading and tramnung from 10-103 
raiaea 10-370 
shrinkage stopee 10-276 
square-eet alicing 10-307 
timbering 10-249 
(dr unloading elplaaives 4-17 
Cbate-gataa 10-407 et a«g 
Miami nune 10-380 
Ray mine 10-378 
Chutea for anthracite 84-84 
from bucket- elevatora 87*48 
in coal preparation 86-16 
dry-waU 10-263 
Frood mine 10-204 
mining 10-403 e< aeg 
for shrinkage atopes 10-276 
sorting IB-li 
spacing of 11-44 
in aquare-aeta 10-212 
stationary 10-416 

CinderellB Corn mine, sand filling 10-424 
Cinnaibar, oocurrenea of S^2d 
poisoning by I8**19 
Cippoletti 68-11 
Cirde, equations ci 86*80 
moment of inertia S6-4T 
Circle diet, Alaeka, dragline placer mining 
10-649 

Circlet, areae of 46*>19, 46-SO, 46-44 «< sag 
dreumferencee of 46»44 at aag, 46-4 8 
geometry of 46-68 
mensuration of 86-18 
Circuit tester for biaating 4-21 
Circular ares, lengths of 46-48 
mil 48-08 
pitch of gears 41-08 
shaft, pocket in 12-121 
ahafta 7-02 

Clrcumferencea of drclee 46*86 d aeg 
Citiseaship, U S, ivoof at 84-06 
City Daap mine, hoisting 12-69 
leaning 10-146 
shaft, concreting 7-19 
ooet 7-29 

Claim boundariee, cut by outcrop 86*68 a( aai 
deaeription at 84-08 
ideal 86 * 41 , 84-48 
legal dimmaions 17-41 
location, marldag 84-18 . 
lode, locating 84-66 
placer, loeating 84-48 
aystem 86*41 
Claima, dimenaiona of 84-18 
lode, locating, eto 86-18 
Clamps, wire*ropa 13-89 
Claany asfoty lamp 86*48 
Clarament tunatii, proeeduro. 0-48 
Clarifying eyanide B<da 88 '8 8 
mihny water 86*68 
ClaAaon tender 86-66 
ClaeaAbreahw 84-68 
B bnakec 84-07 * 

C biaadcer 84HIII 

CInaaltcirtton of gnthmelte^eiMraitoa methods 
tMW -- 
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CtowMIewHpg at anthrMsito atorata idanta 

of baama tl -O t 

of Uaatiac gdatina 4-^ 
of eoal-riaM>K aereena , IM^IS 
ooala i-90 

at eolliery exploaiona tIMf 
ol oyanida fe^ SS^^il 
of dec tranafwmera 4it-IT 
of axidaaivca 4-04 
of fual oila- 40-41 «. 

gaaay minoa 00-40 
of ig&aoua roeka 2-04 
of intarnal-eomb enginea 40>4t 
of mining methoda 10-12S 
of ora depoaita 2-20 
of parmiaaibla aapkwivaa 4-06 
of plaoar dapoaita . 10-634 
of pumpa 

at raaeue apparatua 00-W 
ClaaaiOar effic, formula 01-40 
on tin dredge 10-627 
ClaaBiftor-iig tin dradgaa 10-626 
Clay digger 14-04 
grouting for ahaft^ainking 4-24 
paddling, Malaya 10-620 
Claja, daaaifioation of 1-60 
nature of 2-28 
reaidual 10-17 
Clay-worUng dradgOa 10-628 
Claanlag of ^awinga 1T<-14 
(rf aampling milla 40>4I0 
Claan-up of amalgamating plataa 0 0-0 0 
ofdradga aluioea 10-687 
of'aluicea 10-671 

Claaiance, nir-eompreaaor 14-18, 04-10 
Ctaartnc 8—11 
Claat of coal 10-477 
Cleaaaga of eryatala 1-06 
Oayaland CUfla Iron Co, bcving praatioe 10-62 
platting borebolea 10-62 
dudga box 10-30 
Cliaaax, Colo, ore occurrence 2-26 
mine, bloek-caving 10-367 
diamond drilling 0-60 
drift, round 14-100 
CUnomatar lf-04 
banging 14-10 

Clinton colliery atrfpping 10-467 
hematite 2-21 
iron orea 10-16 
boring for 10-84 
mining methoda 10-150,10-170 
proapecting 10-33 
Clip on traction rope 44-14 
CUp-^yp* mono-cable tramway 44-04 
Oonod chutoa, looaaning 10-406 
Closed tuba, testing with 1-08 
Union shop 44-16 

Ctoaod-tank timber troatmont 10-236 
CMaf cohiarB lT-84 
sida of traverae lT-44 
Chrtehoa, hoist 12-16 
Ceandation in water treatment 4M4 
Coal, analyaia of 2-29 
analytical determinationa 44-44 
analyaiag 4446 
bleatiaf in 4-26 
oleanMa compared 4 444 
mochanieal 

Commiadon, Federal 41i-6t 
aruaUac atrength lj2-680, 10-681 
eottara. acadanta from 44-44 
ooiup<«ir 14-40 


Coal eutteia, doe 14-14 at aao 
makera 1441 
drills, makera 1441 
dost 43-44 
axpIoaitMlity of 4444 
ineammability 44-14 
in mine air 44-14 
geol^y of 2-29, 2-30 
loading from braakert 44-14 
mines, black powder in 4-2S 
British, ventilating coat 14-06 
effie of air dutrib 14-16 
tramming ip 11-44 
ventilating 14-17, 14-18 
mining 10-472 e( teg 
contraeta 4446 
eoete 4146 ei teg 
rates 44-40 
preparation 3444 el teg 
prices of 4444 
sample, crushing 4f-0t 
seama, characteriatics 2-30 
skips 12-111 
atrip mining 10-464 et teg 
by davating grader 3-16 
testing sieves 3143 
weight of 4441 

Coal-burning furnaces 40-14 et teg 
Coal-dust azdosions 43-43 
fatalilies 44-34 
preventing 4S-4T 
Coal-mine accidenta 4340 et teg 
explosives 4-06, 4-22 
regulations 43-M 
shafts, cost 7-28 
CMl-mlning law, B C 4444 
lease, Alberta 4443 
Coal-waahlng tables 3440 et teg 
Coals, heating value of 34-30 
typical analyaea 40-11 
vol of gaa in 43-09 
Coalings oil field, cosu 44-17 
Cohalt, Oat, open-cut mining 10-431 
ore occurrence 2-26 
proepecting at 10-30 
shrinkage atoping 10-277 
ores, assaying S4>ig 
Bol, testa with 1-00 - 
sources of 2~26 

Cobb system of coning and quartering tf-Oi 
Cobble riffle 10-666 

Cody'a Bluff oil field, water-flooding 44-43 
Coeff of adheeion to raila 11-36, 16-14 
of belt friction 41-04 
of contraction in airways 14-20, 14-30 
of discharge 3447 
of expansion 39-94 
of friction 4641, 46-44 
band drivea 4647 
of beat transfer 4646 
of atrength in beams 44-09 
of traction 11-28 
of tractive resistanee 11-27 
Coeur d'Alene distr, coot of diamond drillii 4 
10-68 

stuil sets 10-233 
wages scale 4446 
mines, hand aorting 46-17 
storage-battery loeoa 11-39 
ore depoafts 2-24, 2-26 
Coflerbif in sbaft-dnk'Bg 7-41 
Cefco, eompcaition of 3440 
C^ad coal dust from explcdona 44-44 
Cdtiag methoda aad tlaaa 44-44 
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Cold elliutoot hcnisiiig in n>M 
Cold Spridfo aino, boring at 1(MI8 
rauing 10-245 

Cold-wotor thawing of grovel 10^17 
Colo niino, MitcbeU elidng 10-228 
Colomaaito, ooewrenoe of 2-33 
CoUapeo of mina f»-M 
Colkrofelaft 7-12.7-13 
ColUory ezplaiona 83>if et ag 
8ra. diiatroua 23-48 
tnusla, eoet of 11-26 
ColoaMn, dredging in 10-508 
ground-eluieing 10-541 
Color of rainaaia 1-06 
in wnta 28>8T 

Cidonda ohaft. pan nnieking ^-11 
Colo, arbitration in tt-U 
dragline placer mining 10-550 
leae royaltia 82>4W 
ref to mining law 24-18 
typical boiai layout 12-41 
Colaado Elver aqueduct, mech loading 27-30 
drop-ahaft 8-11 
tunnel, ooncrating 6-24 
round 6-09 
Color-blindnoM 23-22 
Column mounting for drills 10-05, 15-35 
pipa for pumpa 13-00 
Colnmna, conaete 43-15 
Rand 10-148 
mechania of 43-06 
timber 43-38 

Combination oil-well rig 0-12 
C9uare^ta 10-214 

Cmnbined mining mahoda 10-371 et seg 
Combnotion data 37-08 
of lampa, effect on air 23-03 
of methane 23-4M 
principla of 30-20 et eeg 
products of 30-32 
Cmnmerce 2^15 

Commem, Qerm, lead depaita 2-24 
Common law, damage suits unda 22>11 
Commutator of generator 42-08 
induction motor 42-22 
Compacting of earth 3-18 
''Company” men 22-02 
uniona 22-13 

Compartmant hull for dredga 10-581 
Compaitmauta. shaft 7-02 et Mg 
Compass, axirveyor’a 17-05 
travene 17-16 
used underground 1I-06 
Compensation funds 28-00 
inatursna •8-11,86-67 
laws 82-11 

Compstanea of a stream 2-16 
Complementary anglaa, functions of 85-17 
Competition, calculating from formula 27-05 
of igneous rooks 2-03 
Compound duplex pumps 4IM2 
gears 41-02 
intareot 25-08 
motor 42-10 

pipes, esleulstiou ot 88-18 
steam hoiste 12-51 

Componndlaf teat of d-e generator 42-10 
Cemponnda, boiler .44N86 
induatriai, data on 87-04 
Compoond-wonnd elec machine 48-08 
^mp air, hdtiting by 12-53 et tag 
msaavagHiit 12-48 
tpMmdggby 5-24 
|pg t up r as s uring oil woUs 44-25 


Comp air, sbafboinhiag by 8-12. ir-M 
• transmission 15m7 et Mg 
working in 8-14, If-if et sag 
Con 9 -air driUing, cost 15-88 
loccs 11-38 

pipes, friction 11-07 et eeg 
power 15-08 et eeg 
pumps for mines 13-11 
Compressibility of ndnerals lO-A-38 
Compressing gas, work of 44-04 
Compression, air, haat«f 14-56 
of crushed material 10-522 
of mine air, heat of 83-13 
work of 32-08 

Compressor espac for air drills 12-37 
capao, defined 1^08 
manufacturers 18-34 
output, measuring 11-30 
pluits for gas 44-07 
Compressors, oapae of 82-10 et eeg 
centrifugal 14-43 
cost of 12-28 
makers 16-31 
portable 13-13 
recii>rocsting IS'-ll et eeg 
turbo 13-20 
types of 12-02 
work of 35-09 et eeg 
Computations, mino«urvey 13-22 
stadia survey 17-48 

Comstock lode, cooperative systefn 22<48 
Comstock mines, atmosphere of 28-13 et eeff 
heat effects 22-13 
Concentrate, corduroy-table 83-34 
Concentrati^ cost of 81-44 
Concantration, Malayan tin 10-020 
Concession, mining, Quebec 22-36 
system 24-08 

Concessions, Mexican mining 14-33 
Conchas Dam, tramway 22-82 
Coneiliatioa Service, Federal 22-17 
Concore core-drill 0-08 
Concrete 42-10 et eeg 
arohee in mines 10-519 
bins, cost of 12-180 
chute 10-406 
drop-shafts 8-00 
headframes 12-80 
lining of tunnels 6-24 
monolithic column, Rand 10-148 
pancake column, Rand 10-148 
piles 43-49 
pUlars 10-135 
pipe 32-40 
placing in shafts 7-40 
stringers for skip crack 12-i84 
Concrete-block sbidt walling 7-21 
Concreting of shafts . 7-18 et eeg 
Condenser, dec 41-61 
Condensers, steam 42-10, 40-10 
Condnetanca, dee, defined 42-48 
factor, airway 1232 
Conductivity, dec, of steel rails 11-18 
heat, of aubetancca 32-54 
Condnetm, force on 48-44 
l^pe, oO-well 9''84 
Ctmduetora, dee 42-48 
Cottdnits, dec 48-31 
Cbno cnisher 28-48 
of friction 32-41 
Cmies, manauratiou of 32-44 
Conflicts, daim, iurvayhig IV-ff 
CeafustoB of meaamidea 82-14 , > 

Congiom ara ts 2-47 
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OuiipMMnt* lods, miniac methods 10-16T 
Coato copper deporite ^23 
Coaiecea miae, ehriakace etope 10>378 
Coaicel hoieHng dram 1>-<W 
ealeulatias 12-32 
Coaiag aad qaarteriag S*-M, 22-dt 
Coaaate mater 2-10 
Coaaectioc traadormMa 4S*2T 
Ceaaectioos for bfc teaeratore dl^tS 
ConneHiyflle miae oar 11-04 
pillar robbioc 10-302 
Coaeol Coal Co» hoist layout ' 12-41 
ateel headfraaie 12-7S 
tramway 2d>dl 

Coaa ICereur Gold Miaea, sub-level oaving 
10-337 

Coaa Mia dt Sm Co of Caaada, labor relations 
tt-lT 

Coastaat-eurreat circait 41^^ 
Constaat-poteatUl dreait 42>0S 
Coatact b^ for sewage disposal Sf-M 
minerab 1-11 

Coataet-aiatanutphic orebodiea 10-00 
rooks 2-09 

Coetaetor coatrol of dee hoist Id-Ot 
Coataiaers for samples Sd>iS 
for shipping explosives 4-11 
Coatemporary dOing of stopes 10-237, 10-273 
Coattngmt fees li-tO 
Coatlnaoos current, defined 4S^ 
flow from ul.wellB 44-Od 
rating of d-o motor 42^11 
tleo locos 14»i2 
of dec amohine 42>0S 
Contiaaous-discbatge elovator ST-Sfl 
CeatlBoonp-etave pipe flfl-10 
Contour lines, loeatiug lT<-4i 
on maps 1T»10 
Coatours on aerial maps iT«44 
Contract diamond drilling tO-38 
work 82-08 
Contracted weir SB-09 
Contracting, applicability BB-^M 
Contraction in airways 14-30 
low of head by S^IB 
Con-Tractor drill in gravd 10-86 
Coatracts, ore-selling SB-IB 
for power machinery 40-48 
Coatrol of air distribution 14-10 
of elec bouts 18-08 et uq 
cd hanging wall 10-164 
of natural ventilation 14-38 
Controllers for dec locos 16-lS 
Contusions, treatment of 83-4S 
Convection currents in sir 14-39 
of heat 38-88 

Conventional signs, gedogio 1B-6B 
on maps lT-18 
mine wwldnai 10-04 
for riveting 4B-4T 

Coavwaioa tables <d measures 4B-M, 48-60 
C on ve f tera, synchronous 4B>4S et ttq 
Conveyers for anthracite 3 4- B4 
chain-bucket 27-41 
for coal dtying 88-48 
in cod minw B7-18, 87-17 
tor eosi prapsration 88-10 
heUeal 87-44 
tnotor-drivea 18-11 
sorting 88-18 
Conway Bower ahevel 87-48 
la tunnel 0-iS, 0-19 
Geottag by air 14-67 
of hot mines 14-64 <t sta 


Cooling internal-comb cngiaoi 48-4 8 
of mine sir 88-14 

Cooporatlva Comm, sotivitua of 88-17 
mining systems 88 08 
Coordlnata dotting of traverse 17-11 
Ceordiastes, computing aros from 17-81 
Copper, analyses aad properties >7-68 
conductors, capac 10^^ 
deposits 2-22 
as dec conductor 48-48 
lorn in smdting 88-08 
nunes, wages scales 28-00 
mining ocets 81-47 et teqi 
ore, leaching 10-899 
ores 2-22 

awaying 20-11,38-17 
ede of 32-04 

treatment 28-02 
in ores, payment for SS-OT, 38-14 
Bulph for water treatment 22-18 
wire, resistance of 4-31 
Copper Basin tunnel round 6-09 
Copper Mt, B C, shslt-dnking 7-05 
Copper Queen dory-hole 10-460 
mine, benefit assoc 88-14 
oar 11-07 

steam hoist 12-61,12-52 
storage-battery locos 11-39 
timber consumed 10-224 
top-elioing 10-316 
tramming distance 11-44 
Copper Bangs miae, skip dumping 18-118 
skip track 12-84 
yield 21-89 

Copper-oxide rectifier 48-84 
Coppas mine fan 14-42 
Cord measure 45-52 
plumb-bob 18-05 
Cordestt blasting fuse 4-28 
Corduroy teblea 28-04 
Core boxes 10-53 
diamond-drill 10-62 
drills for oil wdls 9-32 
low of d-o generator, twting 48H1B 
recovery, diamond-drill 9-56 
rotary drilling 9-33 
sampling 9-81 

and sludge andysea, combining 10-42 
splitter 9-50, 10-64 
of wire ropw 12-20 
Core-bsrrds, dismond-drill 9-45 
Core-wdl for earth dam 43-82 
Corliss valve on hoist 12-51,12-59 
Corner set 10-198 
of equsrewet timber 10-232 
Corners, lost, rdocsting 17-4I 
Cornish stopint nisthod 10-152 
Cornwall, F*, iron ore 2-21 
Coroasdo mine, combined method 10-8M 
inclined top-slicing 10-321 
shrinking stoping 10-280 
Correction lines 17-10 
Corrections for angle readiugi 18-10 
Comignted sheeta, liated 41-46,48-41 
Corandum, occurrence of 2-28 
Coat of sir-drill stoping 15-88,1841 
air-Wt pumping 11-48 
air transport, Buldo 10-607 
saimst hsulsge 11-44 
animals 11-33 
anthracite breskece 8447 
basic, of smdting n-08 
boring 10-34 
branch railroads 17-41 
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Coat, braaldits bouldara 4-40 
Mbl»‘tool xigi 
Calyxdrttt B-ftl 
«» 0 ip buUdinis 10>ra 
Campball mina 10-272 
ouitrifnsal puupa 4mfT, 4 0 «4 0 
churn driUiiK 5-10. 0-44,10-M, lOHM 
oburn drUla 10-58 
chute* 10-406 
coal clMnJnc 8f»14 
coal nlninc 21>U «l acf 
ooal-ndsa fiu^ng 10-518 
cold-watar thawing 10-019 
coup-air equipment IMff 
concentrating fl<44 
concrete abaft aeta 7-18 
conereting'ahatt 7-10 
copper mining ‘81-87 cf atg 
coyote blMting 5-19 
cuatom aauplittg , tt-if 
cyaniding 88-89 et Mg 
DeBeera diamond ndaei 10-008 
deep-hole hammw drilling 5-07,10-00 
Detroit Copper Co 10-810 
diamond drilling 9-60 ft ttq, 10-05, 1(^58, 
10-00, 10-07, 10-08 
diamond drilla 9-48 
, diamond-drill exploration 10-88 
Dieael-elec planta IMM 
dragiine dredgea 10-001 
dragline dredging 10-004, 10-505 
dragline placer mining 10-548 «( aeg 
dredging 10-588, 10-592. 10-095 ft aag 
drift mining 10-009,10-011 
Alaaka 10-518 
drilling carbona 9-64 
drop-ehafta 8-09 ■ 
eleotrio hoiata 12-44,12-45 
iocoa 15-18 
motora 18-84 *«g 

power 10-08 

power equipment 48-87 at aag 
Empire drilling 9-05 
fluabing 81-87 
forced drop-ehafta 8-17 
fuela, compared 4IM18 
gaa-compreaaor planta 44>07 
gaa producera 40-48 
ganolene h<dating enginaa 12-60 
gold dredging 10-692 
gddmijUing 88-00.81-00.81-14.81-19 
gravity atamfdng 88-15 
ground-duicing 10-841 
gyratmy cruahera 88 -OO 
hoiating 12-69,18-00 
eagea 12-101 
ahmvea 12-18 
HoUinger mine 10-260 
Honigmann drop-ahafta 8-20 
Home min* 10-191 
hydraulic mining 10-655,10-568 at aag 
atripping 10- 458 
tur&naa 40-87 

hydro-elec power, Klondike 10-500 

ilhxminatian 4> ^ 

intemalveoinb enginca 40-40 

ifon mining 81-84 

Jaw oruahera 88-04 ) 

Keyatone placer drill 9-48 

Xind-Chandron abafta 7-23 

Klondike dredge 10-690 

load^ Hartley mine 10-185 

Malayan tin dredgiBg 10-028 

nganagy abaft Uning 7-81 


Coat, meehanlaad bitammoua odnae 8MNI 
' Miami’'mina 10-058 
mine development 10r84 
dwelUnga 28«8f ataag 
etoppingi 1^10 
trs^ 11-80 
ventilation 14-00,14-04 
mining 21-91 ft aag 
comparative 10-428 
mono-cable tramwaya 88-44 
Morenoi open-pit 10-450 
Mt lea glory-hofing 10-463 
moving dragline dre^ta* 10-401 
oil-treating plant 44-84 
oil-wdl darrieka 9-18 
drilling 9-35 at aag 
equipment 44-17 
oil wella, Okie 9-24 
operating power planta 48-88 
ore bina 12-180 
overeaata 14-14 
pneumatic abafta 8-14 
IKxrtabla cable-tod riga 9-15 
power 49-05 at aag 
proapect chum drilling 9-41 at aag 
proapeoting in Korea 10-32 
Rand gold minaa 10-149 
reciprocating ateam enginea 49-18 
refrigerating plant* 14-59 at aag 
repreaauring oil wdb 44-81 
resuing 10-245 
rook channeling 5-24 
roll oruahing 88-13 
rope haulage 11-48 
rotary core drilling 9-83 ' 
oil-wdl drilla 0-22 
aand filling 10-424,10-426 
Hodbarrow mine 10-427 
Matahambre 10-424 
aeraping, N'Kana mine 10-419 
placer gravel 10-545 
ahaft-einking 7-23 at aag 
in soft ground 8-04 
■ plant 7-04 
abaft tubbing 7-22 
Sherritt Gordon mine 10-144 
ahoveling-in 10-543 
akipa 12-115 
alim-hole drilling 9-23 
ateam-elec planta 14-98 
ateam hoiata 12-40, 12-60 
steel beadframee 12-76 
stoinng 10-186 
storage batteriee 48-85 
Btripborer drill 9-08 
stripping placer gravel 10-605 
euppliee, Goldfidd 91--9S 
test^tting 10-33 
timber cruising 85-91 
timber preservative treatment 10-886 
tin mining, Nigeria 10-547.10-575 
Swariland 10-575 
tramming 11-45 

tramway equip and oxtetation 8 5 8 8 at aag 
transits 17-97 
trenching in limestone 5-38 
TrtBUte diatr 10-189, 20-140 
trolley wirii 9 U-28 
tube-millng 38*18 
tunneling 5-05, 5-85 at aag 
turlnne^enarator gets. 49-88 
underhand stopliig 10-158 
ventilating ourrente 14-34 . 
doors 14-13 
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Goak ▼a&tihlnic fan* 14t-4l 
pipe 14-16 
wagon roada &T-4t 
waab>boring 9-03 
outfit 9-03 

watar-flooding of 4^ flalda 44«a3 
whim hokting 19-68 
wiaM knking 10-120,10-131 
with Calyx driU 10-121,10-138 
win rope 13-22,13-33 
wooden beadframee 13-70 
Ceataaaiag ditehea 10-22 
Coat-keepiiig, mine 30-08 et Mg 
Gotten ropea for drivea 41-00 
Cenlombe 43-00 

Cenlomb*a formula for bins 13-131 
Counter-balance for c^-well pumps 44-18 
Counter-chute coal aalning 10-408 
Counter-current decantation 83-10 
Coantei;^rt retaining wall 43-83 
Coanterweight hoiatiag 12-02 
Cennttng assay 81-83 
cars in tramming 10-363 
County mine Inspectors 38-43 
Contes, force 8441 
Cooiding, mine-oar 11-08 
for track cable 30-lT 
Conrtiires coUieiy exifiodon 38-4 3 
Coyonants of a mining lease 33-03 
Corer, mine, depth of 13-03 ‘ 

CoToring of frame buildings 48-40 
Coyote blasts 6-18, 6-19 
Ilnited Verde 10-443 
Crab-type locos 11-39, 18-14 
Cradle, gold-washing 10-638 
Cramp chain gate 10-411 
Crane loads on trusses 48-83 
solution of forces in 88—40 
Crank and rod, motion of 83-81 
Crawler wagons for earth excavation 3-07 
Creek placers 10-634 
Creighton mine, chute-gate 10-411 
cost of exploration 10-38 
drift round 10-101 
drifting routine 10-106 
filled stopes 10-280 
open-cut 10-433 
raising routine 10-116 
shaft pocket 13-120 
shaft sinking 7-06 
shrinkage stopes 10-289 
Creosoted mine timber 10-236 
Ciooeoting of timber 43-88 
Cresson mine, leasing in 33-03 
shrinkage stopee 10-286 
Crests, tramway, locating 36-11 
Crew, diamond-drilling 0-62 
Cribbisd chutes 10-403,10-404 
manway 10-270 
rake 14-20 

Cribbing of rsisea 10-116 
■hafte 7-13 

Cribe, timbered 10-212,10-228 
Cripple Creek, drifting preetiee 10-101 
gold depoeita 2-25 
leasing at 3 3 0 9 
open ovsdriband atopea 14-105 
storage-battery loeoe 11-30 
vegetation in 10-134 
Critarion for max asomeat 43-80 
fkitical temp of drill steel 6-06 
veltags, electrolytio 48-34,43-33 
Crsas-ban for dtiQ monnting 10-06 
Crosacnt and boxhote flfstem, Rand 10-146 


Crosaent lf>-08 
eteptag nmtiiad 10-363 
tunnel, development by tO-43 
exploration by 10-76 
CrosBcnttlng 10-03 at asg 
and drifting data 10-M 
Cr o a iha a ds for hokting buckata 13-Vf 
for sbaft-ainldng 7-10 
Cresa-ovar damp 11-30 
Croaa-aaction levriing 1T-8T 
paper IT-iO 
of raisee 10-109,10-110 
Croae-eectione, equationa of 36-33 
geological 19>4ll 
Croton Iron mine, ore bin 12-130 
Crow Cr, Alsaka. hydraulic mine 10-660 
Crowe de-aeration proceae 66-34 
Crown Hinee ear ] 1-10 
development 10-144,10-413 
hokting at 10-87 
bole directors 10-05 
Crownsd pulley 41-07 
Crowning squue-set floote 10-223 
Crucible assay 30-07 e( sag 
Cruising, timber 30^1 
Crushers, jaw m gyratory 38-00 
testing 31-10 

Crushiag for amalgamation 33-03 
assay aamplee SIMM 
circuits, formulas 31-80 
of coal 36-07 
for eyanidation 36-10 
graded 30-13 
ore samples 36-08, 304HI 
plant, purpose of 83-03 
Cryolite, source of 2-26 
Crystal Palls iron distr, boring in 10-01 
Crystal Ridge cosl stripmeg 10-467,10 144 
CiystsUograpby 1-02 at sag 
Cubs, filled stoplng 10-251 
Msyari iron mines 10-466 
Cttbsn iron ore 2-22 
prospecting 9-04 

Mining Co, dragline mJiting 10-460 
Cuba-roota of numbera 46i4W at Mg 
Cubes of numbera 46-36 at rag 
Cubic equations 36-07 
measure 46-47 
metric 46-48 
Culm for flushing 10-616 
Culmination of Polmrk 17-33 
Cnlverte 48-38 
Cupek, preparation of 30-14 
Cnring of concrete 43-11 
Current for d-c motor 4^11 
elec, units of 43i>4M 
for induction motors 43-10 
meter, bydreulie 80-83 
in synchronous motors 43-13 
Curtain chute-gate 10*411 
Curtaine, ventilating 14^11 
Curvaturs function, gravimetrie lO-A-OS 
Cnrva resistance of mine cars 11-27 
Cnrvad idpea, loss of head in MHU 
Curves, riev of raik on 11-18 
equationa of 34-8i 
gage of track on 11—17 
mine-kack 11-17 
in open-pit iron nunee 10-430 
railroad 17-41 
in aluicee 10-363 
through tramway towers 36ii>l8 
Cut in drifting rounds 10-94 
gears 41-08 



16 


niDEX 


Cot-aad-flll JeveUnt 1T-4IT 
•topes. ventiUtinc I4->80 
•toping 10>-S87 tt ttq 
Cat-lwl«o, bloating 4-23 
Cotting chaansl •nmplog tt-11 
Cnttlng-oat otop* 10-160 
Cnyviui ftnago, hydrnuHo otripi^ng 10-458 
op«n>pit wnlla 10-627 
top-slicing 10-313 
truck hcuUgo 10-436 
Cyanieldao 33-06.83-08 
Cpaoidatloo formnlno 8i-S| 
toite 81-16 

<^uild« for ■•••ying SOmS 

consump of 31-18 
poisoning 33-30 
proocH '83-06 tt ttq 
•nnda for stop« filling 10-422 
Cynnogepn, propertiM of SS-Of 
Cyclo, itesm-ongine 30*16 
Cyelono drill, data 6-10 
dust ooUeotor 38*48 
Cylinder, equations of 36-88 
Cylinden, mensuration of 36-18 
Cylindrioa bins 12-128.' 18-135 
streaees in 18-136 
chutes 10-404 
•hafts, lining 7-17 
Cylindrlcsl-dnim hoists 12-07 
calculating 12-30. 12-31 
Cylladiu-coniesl hoisting drum 18-10 
calculating 12-38 
Cyprsss wood, properties 43-31 
Cyprus Minos, shsft concreting 7-20 


Dselte 2-06 

Oslwts drift mins, Mont 10-611 
DsHon colliery tope guides 12-83 
nslton’s lew of gases 39-88 
Daly Judge mine, hand stoping 10-126 
Dams 48-88 e( uq 
earth-fill 3-18 
hsrdraidio-flU 3-16 
hydrostatic press 38-46 
impounding. Malaya 10-628 
spillw^r 88-11 
underground 13-05 tt ttq 
Dan Cr, Alaska, hydraulic mine 10-660 
Danger signs 83-67 
D’Arey's formula fw comp air 18i48 
d’Arsonval principle 48*07 
Daritten fan 14-40 
Davla-Dsly shaft. 7-03,7-08 
cost 7-24 
sinking 7-05 
Oavy safety lamp 88*83 
Dawson dist, dredging 10-694 
'* Day's pay ** umn 88-68 
O. C. 4i X. ntin^ Mo 10-138 
' Dead load in headframes 12-63 
pn hristing rope' 12-22 
on trum 48*46 

Ooadwood Cr, Alaska, dragline idscer mining 
10-549 

De-oerators for boQer water 49*41 
De B ee rs diamond minea, praotioe 10-892 eteeg 
Debris dams 10-853 
placer-mining 18*14 
Oeealepoent poW d steri 8-06 
Oocantation, counter-current 88-18 
for testing ores 81-48 
v'*,seay of mine timber 10-^5,48*81 
MO pihmlM 88-10 


Decklmsa 48-48 ' 

Dricimation 10-A-O7 
magnetic 17-17 
solar 17-88,17*41 
Dceomposittott eoltags 48*84,48*88 
Deductions in smeltsr setUsmonts 88-14 
Dsdosting of coal 88-47 
Dssd to idning Moperty 88*48 
Dseds, interpreting 17-89 
Deep boring in rock 10-67 it ttq 
minec, air qpnditioning 88*40 
derriopment 10-86 
shafts, hoisting in 12-58 
rignel syetenu 12-89 
Dsep-dlggittg dredges 10-588 
Deep-hole blasting 6-15 
hammer drilling 10-68 
Defecta in lumber 48*81 
Deflitite Integra! 88*47 
Deflected boreheleo 9-33 tt ttq 
Deflection angle 17-19 
for carves 17**88 
of cables 88-64 et ttq 
traverse 18*68 
notes 18-98 

Deflectors, hydraulic-mining 10-554 
Dehydration of oil 44-15 
Peidesheimer square-act 10-197,10-223 
Deister-Overetrom tsble 58*41 
DeXalb acreen acale 31*08 
D, L A W drop-shaft 8-10 
Delay blasting caps 4-27 
Delayed drilling of oil wella 44*48 
filling, shrinkage etopca 10-277 ■ 
of atopee 10-237 
Delays in boring 10-87 
in diamond drilling 9-68 
in hoisting 12-46 
power-shovel 8-13 
in shaft-sinking 7-06 
Del Monte mining case 1 4*44 
Demolition tool 18-44 
Dempcey’a plunger feeder 87*48 
Denn ehaft, Ariz, cost 7-32 
Density of sir 14-26 
changes in airways 14-83 
of high explosives 4-07 
of rocks lO-A-30 
units, conversion 48*48 
Depsrturo 17-40 
Depletion, eetimating 8B>4f 
d mines, law <m f4*M 
Deposits, mineral 2-18 tt ttq 
Depredation d breakers 84*44 
Depth, dredging 10-688 
d fimure veins 10-14 
■ for foundations 48*68 
limits for open-pit nuning 10-469 
of overburden, meeeuring by r es lati v U y 
lO-A-14 

of shaft, messuring 18*41 
of wells, messuring 9-30 
Derivativea 38-M, 38-47; 

Derrick, oil-wdl rig 9-10 
for shaft-sinking 7-04 
for wash-boring 9-02 
Denicks, diamond-drill 9-60 
loading by 6-22 
at open-out mines 1P>^ 
in dceer mining 10-644 
for rotary drilling 9-17 el seg 
Doscr^ttoad dsim 8 4 W 
Design d cantilever wdl 48*8t 
deoolbrsakam 84 48 
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l>MlgB at ooal<«lesaiot piiuit M^tlt 
of dama 4Mi 
of doe power station 4S-M 
of hdstitts nges 12-M tt reg 
of ho&iting ropo 12-25 
of retaining wall 4Si40 
of skips 12-109 
of B^uctures 49>n ef seg 
of timber headframes 12-08 
of wdded conneetions 4S-M 
De^rttz hoistiqg spetem 12-07 
DotacliablodriU bite 5-07 
'in placer prospecting 9-41 
Dotaebing hodts 12-110 
Detection of subsidence 10-527 
Detectors, Oredamp 2$-4HI 
Determinative tables for minerals 1-14 ft $eq 
Detonating air-gas mixtures 59-32 
fuses 4-28 

Detonation-wave S3>44 
Detonators, tunneling 0-13 
Detroit Copper Co. block-caving 10-345 
top-slicing 10-302, 10-314 
Detroit Rock Salt Co, chamber mining 10-149 
Devaporized comp air, ventilating with 14-03 
Development of coal mines 10-472 
of drift mines 10-000 
headframe for 12-09 
lateral, of mines 10-90 
latersl, Rand 10-144 
method, faetora influencing 10-85 
of minee 10-81 et teg 
schedule, Miami mine 10-352 
Devereanz agitator 3S-1T 
Deviation of boreholee 9-03 
of hammer-drill bolee 10-70 
Dewatering cyanide feed 8S>15 
at Flin Flon 10-453 
screens 55-84 
washed coal 55-85 
Diagram factor of engines 58-lf 
for stadia readings 17*44 
Diam of hoisting drum 12-08 
at hoisting sheaves 12-18 
of a particle 5b-07 
of pipe 41-15 
of trees 25-58 

Diametral pitch of gears OMM 
Diamond drill 9-44 et seg 
bite, setting 10-67 
for blasting 10-190 
samples 10-39 
DIamoad drilling 0-50 ef teg 
Goldfield 81-00 
New Gornetia mine 10-58 
organisation 10-88 
underground 10-35,10-05 tf stg 
minee. DeBeers, 10-392 
mining in open-cut 10-433 
setting in bite 9-54 
track switch 11-22 
Diamonds, Arkansas 10-09 
lost in drill holes 9-61 
oeeurrence oi 2-32 
selection of, for driiUng 9-54 
Diatomaceotts earth 2-28 
DIatomite, teste tor ISO 
Diatoma as rock-builders 2-09 
Dielectric prepertiee of rocks lO-A-39 
Diesel cycle 5^18 

indicator oard 49S$ 
eng^ eomprasaor drive 15-lf 
eactnee for draidines 10-456 
oagliM for mines 18" " 0 8 


IResel posrer for rotary driUs 8-18 
Diet, balanced, for prospectors 10-78 
DiSweatial flotation tests 81*44 
haulage aystem 10-435 
DiSnsed Ulumiaatiea 48-88 
DUfualoa of gaaes 85-07 
Digging, elasaification of 10-455 
laddm* on dredgm 10-581 
procedure on dredgea 10-584 
Dike 2-09 

Dikes aa orebodies 10-09 
Dilution of cyanide pulp 58-18 
of sewage 85-50 
Dimension stone, quarrying 5-23 
Diorite-perphyxy 2-06 
Dip of beds, computing 9-08 
needle lO-A-07 
of strata 2-13 
calculating 50-85 
of vein, meusuring 10-28 
Dip-fault 2-15 
Dipper dredge 3-17 
shovel, speed of 3-OS 

Dipping depoaita, bTcust sloping 10-141 et ug . 
Direct-acting hoiste 12-17 
speed of 12-40 
steam hoists 12-51 
Direct current 45-08 
Direct-current generators 48*40 et eeq 
motors 48-10 et eeq 
cost 10-50 

for hoisting 12-32, 12-45, 1548 
Directional drilling 9-33 
Disability, compensation for 88-15 
Disastrous colliery exptoaiona SS-48 
Discharge coeff of air 59*47 
of water 55-07 
of gravity stamps 88-14 
head on pump 40-18 
through nossles 10-554 
terminals, tramway 8940 
of water, measuring 5840 et eeq 
over weirs 88-10 
Discharging cyanide tanks 55-17 
Diaconformity in rocks 2-16 
Discovery shaft, Calif 84-18 
as source of title 84*49, 84^15, 84-18 
Diseases in mining practice 8848 
occupational 88-11 
Disinfectants in mine recovery 85*40 
for water 85-89 
Disintegration of concrete 48-11 
Disk clutch for hoiste 12-10 
feeder for coat 50-04 
ventilating fan 14-41 
Dislocations, treating 55-04 
Displacement comp-air meter 1849 
ship 4048 
ventUators 14-43 
Disseminated copper ores 2-22 
Dtetances, by stadia 17-48 
Distilled water for drinking 88-50 
Distributing electricity 48-89 et eeq 
Distributor on dredge 10-585 
DlstarbsBces of orebodiea 1046 
of rocks 2-11 

Ditches, design of 58-84 et eeq 

Ditching in earth 3-15 

Dives PsUcan adae, ebute^ste 10407 

Dividends, present vslue of tt -l l e( seg 

Divining rod 10-24 

Division, algebraie 5945 

Dizon conveyer 97-89 

D. O. Oark coal mine 10490 



18 


INDEX 


Dodg* ooit-ttorai9 vttMB S4>M ' 
Soaa, pctrdUerotaa MMM 
rook 3>12 

Domod itopof 10-204 
Doiatiic in •oboidanoo 10-822,10-^628 
Door, ventlUtion 14-10,14-11 
Doom for bnOdinfi 48>41 
leokace throngfa 14-16 
ftt top of Bhaft 7-05 
Dorr Bgitotor ■ 66-17 
elBOBtOer 64>16 
thickener 66-11,6646 
traction thickener 66-66 
DormoUtor 66-61, 66p4tT 
DouUo extra atrong pipe. Hated 41-18 
meridian diatanee 17^^ 
rodded linee lT-66 
DouUo-liaod drilling 5-07 
in atopea 10-126 
Douhlo-roU croalior for coal 66-06 
Dottblo-truck mine cam 11-10 
Dow^ 46-66 

Draogor oxygen appomtoa 66-66 
Draft, boiler 46-14 
formulaa for 69-06 
gage in ventilation 14-24 
natural 14-64 
Drafting inatrumenta IT-Ot 
Drag in faulta 2-18 

Dragline for ooal etripidng 10-468,10-468 
deaign for placer mining 10-540 
dredging 10-600 «t $eg 
exoavatora for dredging 10-601 
excavatora in open-pita 10-454 
for plaeer mining 10-547 
aoraper 3-10, 3-15, 3-16 
Drainage conveyera 66-66 
ditch in tunnel 6-18 
launder for eand filling 10-428 
levela 13-04 

Malayan tin minea 10-622 
of minea 10-89, 13-02 e< aeg 
of open-pit iron minea 10-487 
of piacM- pita 10-542 - 
of ateam Unea 40-66 
tunnela 10-84, 18-10 
Draining aand in atopea 10-423 
Draw in subaidenoe 10-522, 10-583 
Draw-bar, mine car 11-08 
Drawbar pull of dec loooa 1148 
Draw-cut in raiaea 10-115 
tunnefing 6-08 

Drawing ore, blork-ea-ring 10-841 
Humboldt nune 10-886 
Miami mine 10-358,10-883 
in ebrinkage atopee 10-375 
papera 1746 
Diiadipi, reaoiling 10-590 
aeetioaaliaed 10-698,10-590 
Dradcea, ebain-bueket 10-577 at aeg 
deep-digging 10-588 
Oredgktg depth 26-18 
dragline 10-600 et aeg 
economic faetom 10-577 
excavation by 3-17 
ground, thawing 10-617 
opcratiiv faetom 10-887 
tin, Malaya 10-685 at atg 
Dmaiing amalgamating idataa 8646 
Drift iO-dS 
boita 4646 

minea, thawing in 10416 
L miidai 10-606 at aag 
attg 10-163 


Drttt aeta, Ray mine 10-876 
in aqueiwwet atopee 10-330 
top-eKidng 1<!^299 
timl^ng 10-107 
Drifter driU 10-04,1641 at aag 
in headinga 10-101 
in tunnela 8-06 
Drifting 10-92 et aeg 
and eromcutting data 10-96 
powder ooneumption 10-98 
routine of work 10-106 
Drifta, blaating in 4-23 
boundary-caving 10-853 
ex^oration by 10-76 ' 
hand (hilling in 10-93 
timbered 10-92 
untimbered 10-02 
Drift-aUcing 10-209 
MemU 10-306 
Diift-atopo 10-160 
amygdaloid mine 10-172 
Drill hita 5-03 et eeg 

(boring) manufaeturera 9-60 
carriage 6-18 

holes in etopes 10-124,10-127 
mountings 5-08 
in beadinm 1048,10-06 
pipe, oil-well 9-27 
rounds in headinga 10-96 
sampling 86»10 
sbarpenem 1646 
ateel 543 et aeg, 1642 
tunneling 6-08 
truoka 5-08 

Drill-hole aamplea, ealeulating 10-71 at aeg, 
86>lf 

DrllUag, oable-tool 9-11 
in cod minee 10-511 
controlled directional 9-33 
exploratory, underground 1045 
by hand 6-07 
in ahafts 7-06 et aeg 
epeed in rocka 5-02 ^ 

in Btopea, terma defined 1(^124 
in tunnels 648 et eeg 
Drills, eboioe of, for drifting 10-101 
coal, makers 1641 
in headinga 10-96 
machine, in mince 10-94 
in raiacB 10-109, 10-110 
rook 1649 et eeg 
in etoj^ 10-128 
tunnciing 6-04,6-06, 6-11 
Drinking water in minea 2648 
Dtlvea for anthracite breakera 8448 
for bucket-ladder dredge 10-582 
for eompreaeora 1848 
for eleo hoiata I t ' 8 8 
for mine fans 14-42 
DrivepipM 942,10-34 
oil-weU 9-35 

Dfivu^pa aamplfaig of gravel 10-57 
Driving pipe. oU-w^ 0-11 
dioe 9-38 

Drop in gravity itampa 2844 
Drop-bottom eagea 13-1(X), 18-104 
Drop4hafta 8^ 
forced 8-16 

Drum, hoiattng, ecmatruetton of 18-12 
hoists, oomp4r 1841 
Ptumlummon xaintogaiwa 6448 
DnuM ofb«U4«akat devatora 6948.6644 
hdathtt 1647 et sag 
Dry blowing, impacting by 1046 
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Dty tilMBing of ooia 

aloe bkttoriea 4MI. 

CoU<dT«t ona 2-24 
aiaaoura 4l*4!r 
idoMn tO-nS 

propmtlcHi of aiitfaroeito 24 0< 

-rot of tlmbor' 4»-W 
Mturatod otMU S2-4t tt ms 
U btoa, ooBl-<deuiioit ■ 24*12 
washing of plaear graval 10-282 
Dtjr-boBO 2-23 
Dry-doaat. oonstmetioo 22-20 
Dtyhig coal 20-W 
ndoa air 14-68 . 
mins dothes 22-81 
samples 22-2T 

Dry-waO sto^ng msthotfs 10-262 
DwikMn edavayera fT«>t8 
Dacktawn eoppar deposit 2-23 
anriohad sons 10-20 
sbaft^nUng 7-06 
‘<Z>na-Wl» 22-10 
Doloiig, Malayan 10-620 
Dnloag and Petit formula for spedflo heat 
22-81 

Dulttdi mine, combined method 10-886 
Dnmoitl a t l ta, origin of 10-21 
Dumping, aerial 80-48 
of hoisting backets 12-04 tt Mg 
skips 12-112 

Dmnproem for hydranlio mining 10-662 
Dumps for mine cars 11-80 
sampling 28-10 
swdlof 28-81^ 

Dumpy^eyd lT-08 
Duobsl explosive 4-00 
Dudea hoists, air consomp 12-54 
pot-valve pumps 40-22 
llnPont eoal-cleaning method 24-12 
Extra explosive 4-08, 4-10 
DiUBBd's rde for areas 28-12 
Dust, coal, collecting 28-8Tt 22-88 
masks S2-2T 
Dust-diseases 82-18 
Dtttoilapan diamond mine 10-802 
Duty of gravity stamps 82-14 
of horse-drawn plows 3-06 
of labor, see Labor duty 
of mine fans 14-48 a seg 
of power sbnvels 3-13 
of water 10-641, 10-666 et tiq 
Alaska 10-673 
in stripping 10-604 * 

Dwellinga, miners’ 82-88 
Dynamic braking on hobts 12-42 
head on pump 40-88 
Dynaadte, burning, fumes from 4r04 
’ jsqmvalrat strengths 6-17 
nxploaion Reactions 4-02 
firing methods compared 6-81 
fumes, phyddogied effect 83-18 
gas e ous products of 88-418 
magasines 4-18 «t asg 
Btrailht 4-06.4r-10 
Dynamometer, dec 48MIT 
in oU-wdl pumping 44-18 


Bstfe Mining Ce, gaeoMse loco 11-37 
Maita Pfdier Lead Ce, da(g»-hde hammer 
drilfing 10-71 
BntOtMgere 0*03 
nnnspheitien of 1-08 


Bertb emavation 3-02 d seg 
. premure 48-12 
shrinkage of 3-06 
Beifli-811 danss. compacting 2-12 . 
Xarth-woik:. blseting for 4-26 
Bast Ooduld convayer 10-417 
cyanids idant 88 20 
Xastmao hydraulic bridger 9-84 
whipstock 0-33 

Bast Mindanao cyanide pient 32-28, 82-82 
Bast Band Prop ndns, rsfrtgeratiug 14-61 
sand filling 10-4:^ 

Beesntrie loading of odnmna 48-66 
tdeicopss on transits 16-18 
Beonomic fsetors of coal mining 10-478 
Xcmwmics of Sorting 88-18 
Beonomissis. boiler 43*18 . 

Bddy currents, dec 48*6 8 
Edison storage battery 42-88 
Edith shaft, Aria, cost 7-30 
Edwards sine mtos, diamond drilling 10-68 
open overhand etoiang 10-160 
wtneee 10-110 

Bffsctlvs redet of alt current 42-01 
vdue of dt current 43 IS 
Bfilc ai air distrib in mince 14-16 
of air-lift pump 16-44 
of a-o generatnre 42-16 
of boilere 80-67, 46-18 
of combustion 80-84 
of d-c motors tt-18 
dec converters 16-88 
enginesring 20-11 
of hoists 12-32 
of hydraulic devstors 10-673 
of induction motors 42-10 
of internal-comb engines 30-18 
mechanical, of engfoee 82*18 
of mine fans 14-46,14-61 
mine power plants 16-08 
of mining 80-08 
of pumps 40-88, 40-81 
of etoping, Rand 10-147 
d'eynehronoua converter 48-28 
thermd, of engine 82-06, S6-1T 
of transformer 42*M 
of watm wheels 40-28 
Bldertlnsky mines, hand etoping 10-127 
Binsca-Pinlay loadsr 27-28 
in drift mine 10-610 
EisonsR open-cut mine 10-431 
Blastic Umit 48-01 
Bibowe, resistance to flow 32-00 
Eldorado Bar hydraulic mins 10-688 
Blsctiic blasting caps 4-28 
Muting in shafts 7-06 
to tunnds 6-14 
wiring for 4-20 

bmke for meuuring power 4 2 -4 1 
circuit 42-04 
distribution 42*29 tt «eg 
dragline dredge 10-604 
drive for compressors U-lIl 
firing to coal ndnes 28-86 
hauliMto, open-pit iron mines 10-4S6> 
boists 12-62 d «eg 
lamps, minwa' 88-27 
lifting of mines 18-20, 22*27 
measuring Imtrumeuts 42*08 at seg 
- mins squipmsnt, mskera I8* 2t 
mins loeo 18->11 «C seg 
power plants 28*26 
power, puzebassd' 12^ 
for rotary drilhi 2*17 
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KtocMe muapt M*!! 
ihoek, trmtncnt for t t ■ <# 

•iB&al •yotosu 12-88 d stt 
tronemiinion 48 8 8 it M9 
tnuwoiMoa Unm i8>08 
XIoeMcOl oorins ct walla fM8 
Coophyoloal matbods lO-A-10 at iff 
ground resiativity 18-8r>12 
proapaetinK laatboda 18-A-lO at aac 
uoita 48 m 

wall logiSof 0-88, lO-A-10 
VactrleUy, miiia aeeidonta from 88>48t 88-40 
priadploa 48-04 

Blactfocbaatlcal oquivalaat 48-M, 48<4f 
Blactrachaaiiatrjr 48-84 
Elaetreda for atarting puaap 18-16 
Blactndyaia in abinea ii-M 
Elactromacaadc wnHa, oonverrion factora 
lO-A-41 


BlactromotiTa lotea, ganeratiag 48-Oi 
Blaetroaeopa, toating by 10-24 
Elactfoatatic voltmatar 48-OT 
Elemaata, cheBoioal 8 T- 0 S 
magnetic auacaptibility lO-A-83 
Elamtiona, computing from photoa lT-48 
Elanton for antbracita 84^ 
chain-bucket ST -88 
dawataring 80-84 
hydraulic 10-872 «t aag 
Malaya 10-628 

meehanioal, in idacar mining 10-876 
motor-driven 16-11 
Blkoro ariaaa, winaaa 10-120 
BQiott rotary cwa drill 9-^ 

BQlpao, aquations of 84-81 
gaomat^ of 86-10 
mansuration of 88-18 
moment of inertia 80-48 
BlUpaoidi mansurarion of 86-18 
BUiptical ahafta 7-02 
Blm Orla mine, hoiat layout 12-41 
Blaa wood, propertiaa 48-81 
Bloflgation of Polaita lT-80 
B1 Potoaf aaiiia, contract mining 88-06 
diamond drilling 0-64, 0-60,10-66 
open atoping 10-188 
■orapiag 10-420 

Btaneria cyanidatton aquattona 88 - 6 T 
Si Tigro mina, hand atoping 10-126 
JUntriatioB taidlag 86*04 
Btaalal placan 10-17 
Kr,M!an, track layout 11-24 
Blyi nav» ehum><irill aampUng 10-47 
Embankmanta, ahrinkaga in 8-06 
Emory 2-28 

OQOurranee of 10-21 

Emau Earada ahatt, automatio hrdat 19-48 
Xatplra htdrauKo drill 9-00 
aoina, gravity plana 10H114 
proapeotlng drill 0-06 
Zinc Co, daop-hole hammer drilling 10-70 
Bit^yaaa in anthracite braahera 84aWf 
unfair labor praaticaa by 88-16 
Baapioyar raaarva aeoonat 88-00 
Bmpt^ura’ liability lawa 88 -lt 
BOtpl^mant at IVaU, B C 8B-1T 
Baaaco combination rig ^18 


End linae M dalma » ■* » - , mm mm , 
raaethma of baama 48-08 
Badlana-NMEodiaga 11-48,16-11 
Enaro gt M 6 atiag<ax|darivaa 6-16 


England, eoal aaining KMOd KMKM 
Itaghia bocaepower 88-M 
idana 11-42 
ateam, for boiating 12-4d 
Engbiaa for pumping oil walla 4fi>4t 
tharmodynamifla dl 86 *d 6 at aag 
Bagtobadh aampla gxiadar 98-67 
Bnitehmant, auh^iida 10-19 
Batfopy 26*87 

Entri^ ooal ndne 10-472,10-474 
Entry borer, MoKialay 0<O8 
Entry, mode of, in miam 10-88 
Boliaa slacara 10-17 
BOtvOa toraion bakaea lQ-A-03 
EgnaHiing hoiatinc effort 12-12 
Equation of continuity 86*08 
Equilateral triaagla travaraa lT -88 
Equilibrium, conditlona of 80-88 at sag , 
Equipment for dae power atation 48*84 
proapeotlng 10-77 
valuation of 16*68 
Bqnivalairi orifioe 14-32 
reaiatanoe of airwaya 14r48 
weight 48-84 
Btoalon 2-16 

effect on ore enrichment 10-19 
Erratic valuaa in aampling 8^16 
Brrora in churn-drill aamplea 10-46 
of doaure in aurvey lT-81 
in diamond-drill aampiaa 10-40 
in leveling 1 T *86 
ip eurveya lT-16 
tajdng IT-IT 

in tranaii adjuatmenta 19*47 
in watt-br metara 42-88 
Bnberg open-cut mine 10-481 
Bacrow agreement 86*07 
Eaperanca deeufiR 88-10 
mine, hand drifting 10-03 
Batata, mining, tax on 84-31 
Betimating proepootive ora 16*88 
tonnage from boieholea 10-71 
Ethane in mine air 88-00 
Ethylene dycol in exploeivee 4-00 
Bureka-Aatmold mina. machine loading 10-104 
aub-levd caving 10-831 
Buxaka Cod Co, mechaniaation 8T-84 
Eureka mine chiuiga honao 88*88 
Baraka StanOard mine beadframa I 8-861 
12-67 

storage-battery loco 11-89 
Evaporation, latent beet of 89-86 
mineral dapodta' 10-18 
from reaervoira 88*68 
Bvaporatora for boiler water 664tt 
BvaaO discbargo of fane 14-46 
Examination of minoa 86*68 d aag 
conduct of 86*88 
outtt for 86-88 
time for SB -88 
Excavating oaUawaya 86-48 
in drop-ohafte 8 ^ 

Excavation d oartb 3-02 d sag 
Excavators, boom 8-08 
in ptaeer mining 10-649 
Bxdtatiea of a-e generator 48-47 
EXcrata, diapoad of 88-80 
Exhalatiena, effect on mine air 88 Off . 
Exhaust ventilatiag fan 14-14 
VWDtilatfoa 6-81,14-04 
Expumleb in drwaya 14-89,14-80 
qoeff of 66 iM 

of oemp air in motor eylinder )9-68 
oorre, simple asiguM 86*18 ' 
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Ib yi m y ' icfartt In aoaarf 4S-4i 

inliipM tt'iill 
Cb ataun IfBM 4M> 
ol toowiwd earth 
' loM of bead by ShoU 
verkef t»-M 

BxpectBBcy ia block-eaviitg 10-840 
Ssvloitattoa 10-08 
coneMBlon, idesioaii tirtt 
of miiiea 10-^128 «< tet 
BzploaBtioa 10-08 
east ot 10-05 

ieolosioal data for 10-06 ct mg 
^ nuneral deyoaita 10-76 
mirpoae of 10-77 
aiae of drifto for 10-02 
Bxplofmtoty haBumr drllUnc 10-68 
B^ioalblUty of coal dual 28-44 
Bxitoaioa experbnaata 22-44 *t $*q 
Bavloalon-yr^ motora 16-26 el eeg 
B^qloal^na,' colliery 28-42 «< eeg 
in eompresBore, eto 18-26 
Inveetigation oi 28-61 

Bzploaire oonaiimp in raieea and arinna 10-119 
abaft-ainking 7-09 
mixture of acetylene 28-06 
of methane 28-06 
in raiaea 10-110 
ratio of coal duat 22-46 
in tunnela 6-05, 6-18 
wt per ft of hole 5-13 
Bzpioairea, aeddenta with 28-88, 22-4 0 
care of, in atorage 4-16 
diemiatryof 4-02 
in coal Bunea 10-511,10-512 
eonaumption, top-elldag 10-816 
damaged, diapoeal of 4r-18 
ditching by 8-15 
energy of 5-16 
handling 4-17 
in headinga 10-06 
ingredienta ot • 4-02 
for ahaft^ioldng 7-09 
for atofiing 10-129 
atorage of 4-12 el mg 
atoring underground 22-60 
Bubatitutea for, in coal minea 28-88 
tranaport of 4-10 
Bxpropriation in Mexico 24 t 89 
B^action. block-caving 10-840 
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Ground contrd of aerial photoa 17*01 
Ground Hog mine, sqaare-set stoping 10-207 
Ground movement 10-519 «(aeg 
reeiafivity lO-A-12 
GrountUng wires 10*40 
Ground-mass 2-43 
Oround-aluichig 10-640,10-541 
of tin 10-621 

Ground-water, classified 2-19 
level, loitering 8-03 
Grout, cement 42-42 
Grouting for ■heft<einking 13-04 
in tunnde 6-26 
GrubUng metboda 8-11 
Guatemala, Empire drilling 0-06 
food for proepecting 10-80 
GiUbM fan 14-40 
Ouida rope in reeeue work 82*87 
riioee, ebaf4einking 7-tO 
Gnldee, hoiating 12-82 
in at^ headframes 1Z-7B 
in vert abafta 7-14 
Gukhplacefu 70-184 
Gulf Ceuut, east of off wclla ,2-40 
<dl wella. formatiea press 9-19 
GuOttard flialbuM datocisr 8248 
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OwitectiUp* 1S~1U 
• OtiaR* ia hwadb AoSIS 
Onaittd ads* atofpiags li-'lO 
OaaKiag drift* lOrlOS- 
ofiifflui lO-m 
■iMftaeto 7-18 
of i&af t «|J]a 7-ao 
•lainkago Mopto 10-277 
Oaat^achaia 48-M 
OTpoaai adaiag 10-181 
ojMo-oat adaing 10-438 ' 

Ojrratoqr enudim VhO^ttm 

Habor dtodiuap whiatl* S8 m 8S 
HaJdaao biaekdamp iadiOator 88'8 8 ' 
oaaary oago 8 8 -8 8 

HaUqrBt Waloa, machioa loadiag 10-105 
taPaet, coat 0-20 

Han-Kow* daflactad boralwlaa 9-84 - 
HaUlbartoa rotary drill 9-17 
Haauaar braakor for coal 88-08 
drilla X9-*0,l§-n 
oare of 18-87 
ia abafta 7-00 
apaed <d 8-09 
in atopea 10-127 
drillini, exploratory 10-88 
Haaimar-drlll bita 5-03 
Baauaoaton, Cal, dradginc 10-588 
Baacoak bIm, boiatiag gaidaa . 13-88 
opaa Btoping 10-174 
Ba^ cfaura drill 9-04 
drilling 5-07 
indrifta 10-98 
in raiaea and aiaaca 10-119 
Rand 10-147 
ia atopaa 10-125 
laral for oontoUring 
loa^ngi Maaabi 10-300 
open-cut minea 10-431 
uf rook 5-21 
la toi^eing 10-801 
laaoking in headinga 10-109 ~ 
in tunnata- 8-19 
picking oi coal 81*48 
aampling 88-08 
abarpaning of rook bita 5-05 
idioTBliag 10-108 
in abafta 7-10 
in tunnala 8-15 
aiaring, atd nM^od 81*44 
aorting 88-15 et tag, 88-10 
tramtring 11-83 
Boaton Conacd mine 10-872 
in headinga 10-102 
Ray mine 10-878 
niadlua 1^M>7 

Band-bammar drilBag in (diafta 7-()8 
BdddUbald dritt 15-88 
Btad-jigaf ng taata 81*410 
Bandlay ihiA-plambiaf bob 184.T 
BaadUng of axi^aaiv« 4-17 
ora in braaat atopea 10-184 
in atopea 10-184, 10-178, 10-811 
ondarband idopea 10-153 
Baad>4oad*d ao n Tayaa a 8T>d8 
Baad- 4 lelkiB| taata 81*40 
BaadHMttpUag ada 89*14 ‘ 

Baacaia for patl^ abafta 4J*4i 
Baagi^hi blgating 8845 
Wanglilg bolta, iihaftainUNt - 7-18, T-16 
.itotaa 10-411 * 
tnA tB-bS 
r^riOMlol 10-104 


&uiaa Coal Co adna aar ll-lO 
Bardhwa bali-adU 8848 
Harlffttit of drilliag aadia 8-54 
of miaanda 1-05 
of wataf 8848,'8148 
Banaanic awtion 8841 
BaroM adiia, Mian, ribaft-raUag 7-12 
Battfoy Oianttaam adaa, ora in pillan 10-lSS 
Bartlay ndaa, Kan 10-188 
boiating bucket 13-98 
potraraboval 10-421 
■bovriittg 10-134,10-135 
Baokva aaeidaoU 2844,88-40 
by aaimala 11-38 
at coal stripiangi 10-466 
DeBeera mince 10-398 
larel, Mesabi 10-308 
Morenci apen-jdt 10-450 
oiien-pit iron mines 10-435 
probtome 10 -SO 
rope 15-11 
in tunnels 0-19 
underground 1049 
Baulaga-leval trackage 11-20 
Hanlagewaya 1049 
lighting 15-00 

Hauling equipment for earth 8-18 
Haultain auw-panner 81-;18 
Bawaii, pubuc Unda 2448’ 

■Hawla^a aagay matbod M^IO 
Hawaar, atari 13-21 
Hasarda, oori-mina, rating 28-07 
Haxan-Williaau hydraulic formula 58-15 
Harieton ainking pumpa 13-13 
Bulatoa, abream.diywaion from minea 13-02 
Bead, hy<h:aullo, maaaurJing 88-09 
loea in orifioea 89-08, 
in pipea 88-11 
Headboard 10-161 
Haadframa for ahaltHunking 7-04 
Haadframaa, design of 1241«(a«g 
Haad^ method <d open atoinng 10-155 
Headinga, pointing bolea in 1044 
Headline on dredge 10-583 
dredging 10426 
Baadwotka for dam 48-05 
Health inaurance. Trail, B C 88-17 
Heat of air eompresaion 14-56 
balanca diagram 40-08 
eapao of air-gaa mixturea 59-18 
of oombuation 8940 
eyriea 89-40 
XMoh equivalent of 80-00 
rata of fud-burning planta 4(M)8 
aouyoea of underground 14-56 
tracer of 8^*54 «l teg 
in oondanaere 40-19 
treatment of driU atari 5-06 
underground 14-54 tt ttg 
unite 59-00 

Baaiinc oyanide aotutibn 55-08 
aurfaoe of boUen 50*07 
teat of d-c generator 48-10 
value of fuela 8040 
Heata, apeei&c 8940 * 

Heave of faidt 3-13 
Heavy liquida 147- 
awationa 81-18 
fa float-aink taata 88-18 . ■ 

Haavy-du^ tramvaya 84-88 
Baela,mlMt re a evarir «f eavaS atope IOhSM 
ato|*«a-b«ttory htoo U-49 * 

at^aeta 10-«8 ^ 

Brii^ of haadfrapm 13-08 
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Baltfit ot BdiM drifte 10-03 
of paste ia sq a s we te 10-213 
of trolley vire 

Helical eoiiTeyere tf-M • 
spring, foraiules 4MI1, il-M 
HsUte JCitclisa coal sizippiat 10-409 
Heoiatite, Clintoa 2-21 
drif ia 10-04 
pierctag for 10-34 
prospseting for 10-38 
tsst>i>itttng in 10-23 
Bsado^ wooi, properties 4 S <-31 
Remorriiace, treatntent for 28-48 
Hemp hoisting rope 12-10 
rope for drives 42419 
Headenoa-Tucker ropeeray 10-416 
Heady hjrdiauUc elevator 10-572 
Heary 42-42 

Herbert'miae, gssolene looo 11-87 
Henaaa ttlae, open overhand etope 10-1) 1 
Herriagboae systoai of mining. Band 10-148 
Hexagonal crystals 1-04 
HesSlewood drill tender 6-07 
Hibbing-Cbtebolm diet, mining methoda 

10-308 

Hickory wood, properties 48-81 
Hidden Creek ]^ae. subeidence 10-820 
Hidden Treasure drift mine 10-600 
High temp, working at 28-18 
EQgb-gradiag, prevention of 28-22 
Highway boundaries 17-29 
location surveys 17-42 
HfUcreet iron mine, bydraulic stripping 10-468 
Hiltman Airplana dtiU 0-41 
HiUsboro, M M, placer mining 10-648 
Hinged-body ndne car 11-04 
Hingee for ventilating doors 14-11 
Birst-CUcha^ Co, food supply 10-80 
Hi-Velocity blasting gslatin 4-08 
Hockensmitb atine car 11-04 
Bodbacrow mins, sand filling 10-427 
Hoe-type cciaper 27-12, 27*48 
Hoist drive, elec 1648 
engiime, sbeft-einldng 7-04 
Hoisting, diamond*driU 0-60 
duty, data on 12-29 
sloe 16-08 ei leg 
engine calculations 12-48 
engines, examples 12-48, 12-49 
oil-weU rig 9-10 
rope, choice of 12-25 
aign/^ 12-84 el leg 
eystems 12-02 «< iig 
water from mines 13-11 
Hoieta, comp-air 18-41 
for scrapers 27—11 
B^e director, for heeding 10-08 
in stopee 10-147 
Holee in ahoft-siaking 7-09 
Honiager Gene Minee, eceounte sf nq 

cyanide plhirt 82-^ 8841 
mine, diamond drilling 10-68 
ears 1142 

fified flai-baek etope 10-280 
fire warning 18 ' " 84 
ahedHltlumbing' 12-18 
^in»ii»ip>ge stoping 10-278 
timber treating 10-236 
tramway 2241 
HaO pwtnd dhnm drOt 941 
Helmea Aldereon fcednmp entawl 92-tt 
Heimee Bslpk gw indicator 28-82 
BeiM6tii|6 ssise, ehhte-gaie 10407 
ey m oidi n g eoto 2142 

11-41 


Homnataka mine, diammd driUiar 940 
elec hoiste 1244 
framing a«tusre-aete 10-288 
hoiating 12-58 
pr^on system 8246 
rsiae round 10-118 
sand Ming 10-426 
ebslt, cost 7' 25 
shrinkage ttoi»ng 10-287 
eigasl system 12-89 
sill Umbering 10-219 
etesm hoist 12-51 
etop’.ng method 10-131 
tramming distance 11-44 
Homastafce Mining Co, accounte 81-28 
Homestead, U B lands 17-88 
Homeateada on placer elaima 8449, 8641 
Honiguunn drop-ahaft method 6-17 it ssg 
Hook hydraulic gage 8646 
Hooke’s law of stress 48-CS 
Hookworm disease 8841 
IIoolu, hoisting-bucket 1244 
HooleMte gee tester 35-80 
Hoop toneiott 8647 
in pipes 8641 

Hoover liam, cublcwsy 8 6 48 
screen scale 81-08 
Hopcalite 88*dW 
Hopper, dredge 10-582 
Hopper-bottom bins 12-128 
mine ears 1148 
Horiz correction, stadia 17-48 
directing tendency, gravimetric lO-A-OS 
Horn, pneumatic, for signaling 88-67 
silver 2-24 

Horne mine, diamond drilling 9-68 
raising routine 10-116 
sand fiUing 10-421 
stib -level stoping 10-186 
Homfels 246, 249 
Hom-gsp lightning arrester 48-86 
Horse whim 1247 
Horsepower 86-58 
boiler, defined 8946, 4lb«i2 
elec equivalent 42>68 
indicatMi 8944,89-li 
installed in U fi 4048 
of pumps 4248 
Horses in ftfhlta 2-14 
for underground haulage 11-34 
Hoae, air, loasee in 12-18 
fire 88-80.88-88 

Hoskius Mound, Tex, sulphur mining 12-401 
Hos^tal, mine 82-66 
Hot ground, blasting ia 10-444 
minss, cooling 14-64 si ng 
HotehkiBB Snperdip 10-A48 
Het-wtdl pump diagram 42*26 
Bot-wirs elec Instnimont 48*>6f 
House ^ai» for mines 88**84 
Hnneing in cold riimatee 8242 
for fans 14-40 
losne. Trail. B C 82-17 
Hoothaetou iniaes, ahaft-eialdag 6-83 
H-tendi train Inadiag 42*49 
Hudson Bay Mia 4k mn Co, aeoouate 9642 
Huchat oU-wM bit 9-20 
ptunger-lift for ail wclIe d 6*i 6 2 
rotary core drill 9-38 
HM of drudge 10-577 
Hnmbto detacMttg book 13-116 
salt ifawM. temperature 12442 
HomboMt Bkuln, Hew, traeiativtty MTvnjr 

12-A-U 
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MumholM mta», Ui>ek>Mviog 10-S41r 1(MMS 
eofflbined me^od 10-384 
teoUiwd top-MeSmt 10-328 
» mMhine lokcting 10-1(9 
RiiiBMity of air IMT, ti-OS 
•ffioot on di»t oxplotions 8fr48 
of mine »ir 88>>1A, 88>14 
Hancnrlan gold ores 8-26 
rifie 10-668 . ' 

on dredges 10-586 
Hunt anderent gate fT'^t 
Hunting of eynchronous motore 4>»X8 
tooth of gear 4i>4IS 
Bnahing 10-541 * 

atripplng by 10-24 

Hyatt-Hokenamith wheel bearings 11^28 
Ryder> Alaska, long tramway 8C>48 
Hydianlie air compression t8>48 
brake for mesauriiig power 46>48 
Masting 88-88 
calculations, factors for 88-08 
compressors 18-08 
dredge 3-18 
elevators 10-572 H seg 
gradient 88-11 
measurements 88-88 et seq 
mines, V. 6, data 10-567.10-588 
mining 10-550 ri set 
Malaya 10-625 
press 88-08 

prospecting 10-23, 10-30 
pump for oil wells 44-18 
radius 88-14.88-84 
recording gage 88-88 
stripping 10-24, 10-458 
HydraoUcking 3-16, 10-650 e( ceg 
Hydranlifr-mine riffles 10-568 
Hydraulics 88-08 et seg 
Hydro rotary driU «-17 
^drodynamtcs S8-0T et seg 
Hydro-elec plant, life of 40^ 

Hydrofluoric acid for borehole surveys 9-66 
Bydragen. density of 89-88 
in^mine air 88-08 
sulphide in mine air 88-08. 88-11 
physiological effect 88-18 
Rydrograph. use of 88-88 
Hydrographic surveying 17-84 
l^dromeehanics 88-M * 

Hydro-separator for eoal 88-lf 
^drostatica 88-04, st seg 
Bydrox eoal blaster 88-U 
Hygrometers 88-08 
Hjvsrbola. equations of 88-81 
geometry of 80-10 
Hysteresis 48-08 


{tboaasa. standard, listed 48-48 
Ibex aalfte, framing squarsiMta 10-236 
lee for coding mines 14-88 
waU for shaft-sinking 8-20 
Idaho, coet of mine track 11-26 
dra^ine dredging 10-606 
hydraulic miim 10-550 
rd to mining law 8i>d0 
Idaho-ltarylaad labor ease M-l# 
minea, raiaing routine 10-116 
■hot-boring 9-62 
unwatering 18-47 

tdalwllhii«g^,Alaaka, drift mining 10-813 
WontifleatioB of aampiee 10-21 
;jUBsn for Vuekot-lad^r dredge 10-882 
HlkaOMtofoelu 2-03stts0 


Igaeoua roelnu forma of 3-09 
minerals of 1-10. 2-02 
Ignltars for hlssting 8-14 
Ignition of firechmip 81-42 
of gas, definaa28-44 
for intemal-eomb engines 40-41 
tomp of 00-88 
of msthane 88-08 
Ugaar motor-ganarator sat M-18 
Ilgnar-Ward Laonard hoist contrg^ 12-42, 
12-43 

Illinois coal mines, blasting 19-616 
trolley locoe 11-40 
coal mining 10-490 

data 21-80 

longwall mining 10-507 
Illumination, elec 48-M 

for underground surveying 10-04 
nmsttite, source of 2-27 
Impact 48-08 
etreeses on etructurea 48-87 
Imperial Cbem Ind, tramway 88-48 
Impingsr duat tester 88-18 
Impulse 86-89 
steam turbines 40-16 
water wheels 40-88, 40-04 
Impurities in aixtbracite 84-08 
in mine air 14-02, 88-00 et seg 
permissible limits 88-00 
sources of SS-07 el seg 
in smelting or» 88-00 
in water 88-87 

Inaeceseible dietanee, maaeuring 17-08 
Inca Placers, methods 10-647 
Incandescent lamps 48-08 
lights in mines 88-07, 88-80 
Intih-day, placer mining 10-654 
Inclination lO-A-07 
of raises 10-110 
Inclined cablewaya 80-40 
chutes for anthracite 84-04 
cut-and-611 stopes 10-282 
raises, graphic solution 18-08 
shaft, projecting asimuth in 18-08 
ahalto, bucket dumps 12-96 
choice of 10-83 
mucking in 7-10 
skip dumping 12-112 
sights with sta^a 17-41 
aquare-sets 10-232 
top-eUeing 10-299, 10-321 s< seg 
working placca, ventilating 14-17 
Inclined-shaft pockets 12-120 
seta 7-18 
skips 12-107 

IncUncs, Malayan tin mines 10-624 
Inclosed type d motor 48-11 
Income tax, Manitoba 84-04 
Index to mineral determiaatioaa 1-81 
Indian Copper Corp, tramway 08-41 
Indiana coal mism, cooperative a^nktem 88-80 
coal mining 10-493 
Indicated htnaapowar 89-04,80-18 
ladnced-cnrraatproapactingautiioda 19-A-18 
Induction generators 48-18 
motor for hdsting 12-32, 12-42, 12-43, 
10-08 

motors 48-18 et seg «. 

cost 18-84 sT seg 

ladoctioii-typo aiac iastnunaats 48MMf 
Indttctlvo reactance ilWU > 

Indnstriai compquntb SV-04 
tramways 88-48 
bUKtia, an^ of, teJne oaia 11-27 
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of hobting dnuna 12~1S 
mine-eu 11-27 
uonunt of 26>4f et hq 
product of Mi^S 
of tromwaya S6»S4 
Inlliuniiuible UatiU at methaao U>OT 
Inflammation of gaa mixturea n-44 
Inflection, point ^ SI-S6 * 

Inflow of mine water, preventing 12-02 
Inhalation of air 

Injection int-comb engine 40-40 
Injectora, comp-air 14-43 
Injuriea, eomt>enaabie tt-11 
in metal mining 10-430 
Inland Steel Co, top^cing 10-313 
Inleta, ventilating 14-30 
Inmacbuck River, Alaska, elevator work 
10-574 

Inquartlng of cupel beads 30-18 
Inaertcd-tootb gears 41-4S 
Inspbction of lumber 43-31 
of mines SS-86, 33-67 
Insplrstion mine, block-caving 10-354 
boring 10-68 
cage 12-105 
Car dump 11-31 
chute-gate 10-410 
jackhammer drifting 10-90 
ore bin 12-129 
ore skip 12-100, 12-110 
akip loading 12-122 
timber treating 10-236 
InatatUng d-c machines 43-09 
induction motor 43-30 
watt-hr meters 43-33 
Instalments, prinriplea of 36-08 
Instsstsneous szis of rotation 36-84 
Inst Min A Met eexeens 31-08 
Insulation of dwellinga 33-38 
elec 43-4)3 
of steam pipes 40-13 
test of d-c generator 43-10 
of underground wires 18-06 
Insulator, elec 43-08 
Inaulalora, transmiaaion-line 43-30 
Insurance of oompen liability 33-11 
Intake for idr compressors 18i44 
wells for represeuring 44-30 
Intakes, mine-air 14-08 
Intecrala 88-37,36-38 
Integratkic wattmeter 48-81 
Intensity of illumination 43-88 
Intercepts, solution of 88-38 
Intercoolers, comp-air 18-19 
Interest on money 48-88 et seg 
in ore setUements 83-03 
principles of 33-07 

Intermittent flow of oil wells 44-43 ef tsq 
rating of d-c motor 43-11 
of eiec machine 43^ 

Internal-comb engines 40-39 et eeq 
gases from 3A-11 
thermodynamics of 33-lT et eeq 
power idant, life of 40-67 
Internet nickel Co, elec boista 12-44 
sill timbering 10-220 
Intemat tin control 10-620 
Intexpole generator 43-06 
latorprotntioa of borehole data 10-38 
Ittteraoctien, locating points by 17-43 
I C C rules on shipping explosives 4-10 
•Interval botwoan mhie levsls 10-90 
ZntnUaattalirfghta 33-07 
bmwaiv* valcanlr dieots 3-10 


laundstioas of mines tO-M 
Invar steel tapes 17-63 
Inverted arch set f-4tl 
draw-cut 10-102 
Invested cartel, tax on 33-30 
Iodide mettod for antimony lOi^ 
for copper 30-17 
Iridium, assay ivr 30-13 
Iron |a etec conductor 43-00, 43-03 
mines, top-slicing 10-302 et eeq 
mining costs 31-34 

Iron Mt, Idaho, prospector'a p^visiona 10-30 
Iron ore. bake l!iupcriar, campling 9~43 * 

orea 2-20 et eeq 

analytical determinationa 38>40 
reeldual 10-17 
sale of 33-14 

Iron Ranges, open-rut mining 10-434 
Iron River diet, top-slicing 10-309 
Iron Silvet-Elgin case 34-33 
Itonwood, Mich, shaft-Muking 7-05 
subsidence 10-537 
Iroquois iron mine, nulling 10-461 
Irregoiar areas 36-13 
Iirigatlon with'sewage 33-31 
Ishpeming, Mich, cribbed chutes 10-404 
Isogonic lines 17-17 
Isolation of ozi^osivo magazinet 4-11 
Isometric crystals 1-03 
Isothermal azpanaion, work of 33-03 


jsekbanunor for blasting frosen gravel 10-613 
drilling, Rand 10-147 
mounting 10-140 
Jackhammers 10-94 
in drifts 10-99 
in headings 10-101 
in Btopes 10-127 
Japaneae meaaures 48-81 
Jaw crusher 88-03 e( eeq 
for assay samples 80-63 

J aw cs gyratory crushers 38-06 
eflrey Aerovana 14-42 
chain-flight conveyer 37—14 
fan 14-40 
loaders 37-68 

Jerome, Ariz, concreting shaft 7-10 
eztinguiaiflng fires 10-428 
Jet ateam condenser 40-13 
Jetting around drop^haft 8-06 
Jewd Ridge Coal Co, meebaniaation IT-44 
Jig-back tramways 16-84 a eeq 
Jigs m anthracite preparation 84-68 
coal-cleaning 84—18 
on dredgaa 10-887 
in gold milla 81^44 
on tin dredgaa 10-627,10-628 
^m Crow rail bender 11-17 
Jockeying with assays 38-13 
Johnson cencentrater 33-64 
Johnaton formation tester 0-31 
Joints, atT'pipe 11-47 
for drift seta 10-108 
in rook quarfyinf 8-23 
in rooka 2-15 

in sqnaro-eet timbm 10-214 sf seg 
in steel raila 11-15,11-16 
timber 43-33 
Jdly bnlBBco 1-63 

Jones A Hammond pnmptag Jack 4443 
Jones rflBe sampler 33-63* 33 3 7 ,3A43 
Joesten abeft-ataklag method 8-34 
J^ a Aietr, stopiag method 10-183 
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Jevlia dlitr, hobtiat baakat 13-02 
auBM, gMoleae Ic^w 11-38 
Je|^a-tja« haadfraiue IS-as 
Joi4«i iroa Btiaa, miUJac 10-481 
Job* a^na, 8 C, diuaood drilliac (0-85 
Joule 4S-«I 

Jootob equiTaleat of work IOmOS 
Jouraol friettoa on xmao oan 11-27 
Jo 7 belt oonveyera 8T»18 
ioadem 2T-HM 

Judfo mine, top-aUcing 10-819 
Jwabo drill eartioca 8-08 
Jaa^xor drUlo in otopeo 10-125 
JaactioB mine, drift rotnd 10-101 
Mitcbell alieing 10-228 
raiae round 10-114 
atatioiw, tramway 28-87, 26«4I1 


Kalgoorlid gold oreo >-26 
mineo, eomp-atr yentilnUoa 15-64 
sued rill stope 10-202 
ahtinkage etope 10-276 
Kanaaa, coat of oil wella 0-30 et »tq 
Kaolin, nuning through boreholes 10-402 
occurrenoe of 2-28 
Kaplan watei-wbeel runner 40-25 
Kata 'thermometar 28-04 
Kathleen coal mine, mechaniaed 27-28 
Kearaarge lode, development 10-88 
open atoping 10-172, 10-176 
Kaatiag chute 10-411 
Keg fimda 22-18 
Kelly on rotary riga 0-l6 
Kennecott Copper Corp, aooounta 21—88 
mine, diamond drilling 9-60 
shrinkage atoping 10-280 
Konnett Dam, ahot-boring 9-63 
Kaofcnk Falla oil flald iH-actico 44-02 
Kerbor Cr tunnol 6-15, 8-27 
Kewoonaw PoaUwula, mining methoda 
10-187, 10-172 
Kayatono placat drill 9-42 
Kick-back dump 11-30 " 

Xlck-oS valves in oil welia 44Hf7 
Kiddar pneumatic abaft 8-15 
Kieaorlte, testa for 1-50 
Kiln dryers for coal 88-29 
Kiln-drying <d lumbar 48-21 » 

Kilovolt-ampera 42-14 
Kilowatt 48-02 
KHowatt-honr 42-02 
KImhorloy diamond rainee 10-392 
hoisting apeed 12-40 
Kimharl^-^pa skip 12-111 
Kind-Chaodron ahaft-ainking 7-22 
KlnematiG viscosity 22-4I2, 28-04 
Kinematica OOi^dO et etq 
Kinetic energy 20-08 

King (aabestoa) mine, tdoek-oaving 10-340, 
10-369 

open-cut 10-464 K 

car-pasaer 27>29 

mine. Aria, ahrinkage atoping 10-280 
Kinabach vriiipstock 9-24 
Klriqr grouting motbod 18-04 
Kiitihlioablnra tl-IM 
form-o oirouits 4i-S4 

Klrklaad Lake, Ont^ aquare-aet atoping 10-206 
Kiman twrelude surveying 9-68 
iroa'deiMbt' B*-30, 2-28,10-08 
Kloadata, attOriat depmdta 10-588 
hydrat^ adning 10-551 
iQver, diedbm 10-594' 


KMK o& ftrid, Tex. oeat of weOs 0-25 
Knox blasting igratom *5-24 
Conaol Coal Co, maohaniaattott 2T-U 
Kobe ptimp for oil woUa 44-12 
Xoholito diamond bit 9-55 
Koohlor ■afob' lamp 28-85 
Koopa hoisting system 12-03 
Kolar geld miaoa, refrigeraUag 14-81 
rock-buiata 28-8 4 
Konimetu duet tester SS-if 
Koppara-Blrtley deduatiag ayetem If-M 
Keppers coke oven 88-88 
Koppera Uewellyn coal washer 88i40 
Kopper-Weriag duet cbUector 25-28 
Korea, hand atoping 10-127 
prospecting in 10-32 
vesoiling by dredge 10-869 
Ktttter*s formula for sluicoa 10-565 
Kyanita, origin of 10-21 
Kyaaizlng of timber 48-23 


Labor, annual, on daima 24-07 

distribution, in beadingi 10r96 
in raises 10-110 

duty, Alaska Qaatineaa nuna 10-295 
Alaska Juneau mine 10-294 
Alaska Treadwell open-pit 10-460 
auger drilling 9-04 
Beataon mine 10-292 
block caving, Morenci 10-346 
Block P mine 10-241 
Boleo copper mine 10-417 
brick laying , 43-10 
Carson Hill open-out 10-454 
Champion mine 10-258 
Chuquiaamata, Chile 10-452 
eoal mining 21-28 
cold-water thawing 10-618 
concrete work 48-12 
Copper Queen open-pit 10-480 
Coronado mine 10-222 
de.ep-hole hammer drilling 10-89 
Detroit Copper Co 10-215 
dragline placer nuning 10-549, 10-550 
drifting apd croescutting 10-96 el esq 
drift mining 10-611 
dry washing of gold 10-540 
Edwards aino mine 10-169 
Empire drilling 9-06 
erecting square-sets 10-225 
framing square-eets 10-225 t 
FresniUo open-out 10-468 
gold dredging 10-502 
gold panning 10-637 
gdd rocking 10-539 
ground-aluieing 10-541, 10-542 
hand drifting 10-93 
handdriUing 8-07,10-125 
hand loading gypeum 10-433 
hand loading of rook 5-21 
hand jneking coal 38«0K 8I*28 
hand picking ot earth 3-^5 
hand ahoveliag 2-05.11-02,11-08,11-82 
hand sorting 88-17 
hand atoping 10-126 
hand trmnndng 11-82 
hoiating by windlaap 12-57 
hydraulie mining 10-558,10-275 
Iron iUvw diat 10-810 
Ki»b«rlqr opaainta 10-434 
loading a^ tranuniug shaLt: 10-484' 
machine stequng |0-128 at sag 
Malayan tin minaa, 10-822 
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later duty, neehudied eoal tniirntg ST-f 1 *t 
leq 

Mrsabi Ranca 10-305 
Mt Hope mine 10-283 
Mt lae mine 10-198 
mucking in akefte 7-10 
mucking end tremming 10-102 
New Comelie mine 10-449 
New Idrie open-cut 10-484 
Norton coal mine» W Ve 10-811 
plug-hole drilling 5-24 
redial slicing 10-388 
raising 10-110 ei Mg 
raising and winsing 10-119 
Band mining 10-147 gr 

scraping|^ Mesebi minm 10-419 
scraiHng, Rand mines 10-421 
scraping! Tri-Btate diet 10-418 
ahdt-sinking 7-06,7-27 
Shins opim-i^t 10-486 
shoveling into shaldng chute 10-418 
shoveling, Tri-State diet 10-421 
shoveling-tn 10-643 
Tenn phoapliete mines ^lO-^ddS 
teat-pitting 10-23,10-33 
trenching 10-31 « 

lYi-Stete mining 10-139 et Mg 
United Verde oped-pit 10-444,10-446 
wheelbarrow work 11-03 
wince sinking 10-120 
heat developed by 14-66 
hours in comp-air 15»48 
relations 8^16 et Mg 
Zateretoiy eyanidation tests - 80-07 
equipment for assaying 80-21 
flotation machine 81->1S, 81-14 
LaBour pump 18-15 
XacGoUth 2-10 
lackawaima sheet-piling '8-06 
la Colorada minsi Max, drift round 10-100 
ladder dredge 3-18 
veins 10-16 
ladders in raises 10-114 
ladderway in shafts 7-03, 7-06 
Xadel-Troller fan 14-42 
Lag screws 48-86 
listed 41-80 
Lagging 10-161 
of drift sets 10-107 
of shafts 7-15 
for shaft-sinking 8-03 
of tunnels 6-22 

La Orange hydraulic mine 10-668 
riffie 10—567 

lake Anguine mine, top slicing 10-298 
t-afca Shore mine, chain gate 10-411 
drifting routine 10-106 
reiaing practice 10-117 
equarewet atope 10-206 
Late Superior Coal Co, W Va. guniUng shaft 
7-20 

Late Superior copper basalte 2-10 
Msee 14-94 
nodnee, rock-bursts flS-U 
dist.|iiUsn 10-530 
iron ndae, boring reoord 10-48 
drifl sludge 10-40 
Iron mines, boring at 10-61 
drifting 10-99 
inm mining 10-187 
imiorae 2-21 
open-cut ndning 10-424 
Sake mev Ceng oiiMpBhrinkageetope 10-275 
LetetedSttaUt dredging 10-599 


Lame's constant' lO-A-21 
laminar flow of liquids 88-11 
Lamp teuee 88-25 
lamps, storage-battery 14-21 
vitiation of air by 28-98 
laacbuts, Malayan 10-620 
Land Dept, U S 84-19 
regulations 24-18 
measure 48-44 
surveying 17-14 et srg 
Landing chairs for cages 12-104 
LandslMes 3-04 
Lane band friction clutch 12-16 
Lane Wells knuckle joint O'-SS 
Long lay wire rope 12-20 
Lansfoid coal stripping 10-466 
colliery headframe 12-80 
Laramie-Poudre titnnel 6-16 
la Rose mine, ptospecting 10-30 
La Rue mine, conveyer system 27-80 
Latent heat ot fusion 39-26 
Lateral development, drift nunea 10-600 
of mines 10-82, 10-90 
for top-slicing 10-299 
Laterite 2-09 
Latitude 17-20 

determination of 17-24,17-27 
Latrines M-82 

Launders in coal preparation 86-10 
for sand filling 10-423 
Lsurium lead deposit 2-24 
Lavs flows 2-10 
Lsw, es^'ralateral 24-20 et eeg 
on subsidence 10-632 
Lawrence colliery methods 10-497 
Laws, mining 24-01 et teg 
Lay system of mining, defined 10-274 
of wire ropes 12-20 
Lead button, sice of 80-07 
loss in smelting 82-08 
ores 2-23, 2-24 
assaying 80-18, 80-18 
sale of 88-04 
imores, payment for 82-07 
in idacer deposits 10-636 
storage battery 48-86 
test, for iissaying 80-94 
Lead set 10-198 

Lead'-silver ore, ttealment of 88-04 
Leadville, framing square-sets 10-225 
mine development 10-82 
ore deposits 2-24, 2-26, 10-11 
Leakage in airways 14-33 
of comp air, measuring 16-58 
in pipe ventilation 14-15 
in ventilating syateLia 14-16 
Leaning stope-eets 10- 232 
Lease, mining, form of 28«96 
NWTerr 24-81 

Leases, plaser-mining, B C 24-62 
Lessing, mine 22-96 
system, U 8 24-94 
Leather belts 41-94 
LeacUng copper ere 10-390 
Lea reaistivtty me^od lO-A-13 
Legal adrice, when needed 26-90,26-22 
boundaries of property 17-29 
Lehigh Ifav Coal Co, hoist layout 12-41 
methods 10-498 

Lehi|]i Valli^, Pis, test-pit^ag in 10-88 
Lehlgli Valley Coal Co cage 18-100 
Length of serial tramways 26-92 
of drill steel 5-05 

Lean gas tetector 28-22 
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l«oiuf4 mine, ehuM apaoisc 10>$i2 ^ 

l«v«lii>ta:^al 10-01 
aquanMwt atoping 10~220,10-226 
abaft, air-boiat 12-56 
Leplay coal aUp 12-115 ' 

Latteriag ot drawinga IT-M 
LaasKa Hilla, Wyo, vegetation in 10-24 
Layal, engineer'a IT-Ot 
intervia 10-90. 10-867,10-387 
aub-laval caving 10-326 
top<aIicing 10-209 
miidng 16r03 

LavaUx 4 (, eroaa-aeotion 1T<-ST 
pro61e 1T>88 
roda 17-02 
trigonometrie 17-47 
underground 1^14 
Uval-piUar 10-153 
mining 10-239, 10-266 
Lavala, mine, aupporO^of 10-161 v 
in abrin&age stopea 10-275 
Ubarty 0oll mine, open overhand atope 10-166 
Licenaa, mining, NW Terr 24^41 
Life of gravity atampa 28-12 
of hoiating ropea 12-26 
inauranre, Trail, B C 22—17 
of mine timber 10-236 
of power-generating planta 40^|f 
Lift, depth of, in bench blasting 6-13 
of hydraulic elevators 10-678 
Light unite 42-82 
Lighting by comp-air power 23-27 
electric 42-82 
for hand eorting 26-18 
of mines, else 16-20 
in rescue work 22-87 
Liglitniog arrestara 16-66, 42-29 
Lignita 2-29 

Lilly hoiat controller 12-117 
ndue. Cal, dragline dredging 10-605 
Uttburgita 2-06 
Lima, propertioB 4 S *29 
sources of 2-28 

Llnestone, minerals of 1-11 > 

mining, Ala 10-151 
origin 2-09 

quarrying, underground 10-296 
Umastonaa oe building atone 2-28 
Liaumita, Cuba, bora testing 10-54 
I. deposita, prospecting 10-38 
in goaaans 10-18 
Una drop in tranamisaion 42-26 
aquationa of 26-20, 26-24 
of least reaiat in blasting 5-12 
pipe, listed 41 f« 1S 
Linear equations 28-06 
measures 45-46 
Unas, geometry of 86-WI 
Lining. Kind-Chaudron shafts 7-28 
of shafts in frosen ground 8-21 
of tubf^mills 88-12 
Linbigs for column pipes 13-10 
for <htehee 38-27 

Link-Belt drive for shaking seraena 88-26 
Liquid fuehivhaat capae of 8^12 
typlcid analyses 40-11 
measure 46-47 
Uquid-atygan axploalTa 4-07 
gasea from 23-02 
Liquid specific befits of tO-21 
Lttbanu for assayint 
LHhlum, sonr^ of 2-86 
XWienia, compHuir quarrying 5-25 
,|dltto Cr, hydraulic alavaton 10-578 


Uva lead in haadframea 12-62,12-64 
in truss 43-29 
Livalnf's gag indicator 28-28 
Livingitofdta, tests for 1-50 
Lloyd ndna, Mich, drifting 10-05, 10-106 * 
Load curves, power M-04 

diagram, coni cai drum and red 12-33” 
cylindrical hoisting drum 12-31 
factor 40-24 
elec 42-28 

rolling, on tramways 26-18,26-14 
test of d-c generator 42-10 
Loading booms for cool 25-08 
oars by band 11-32 
^Champion mine 10-255 
*from chutes 11-32 
coal from breakers 84-14 ' * 
in drift headings 10^2 
earth, mechanical 8^3 
hdhd vt nanchiue 10-135 
machines, early types 27-02 
makers 16-31 
mechanical, of coal 10-482 
in headiggs JO-103 g, 

Morenci open-mt 10-460 
pans for diaft'Sinking 7-11 
skips 1^112 
sub-level caving 10-329 
Loads on aerial tramways 26-08 
on cables 86-04 
Loaming, exploration by 10-22 
prospecting by 10-32 
Local attraction 17-28 . 

Locating points qp plane table 17-46 
tramway line 26-09, 24—10 
Location certificates 17-66,17-80 
of mining claim 24-06, et uq 
agrvey of claim 17-56 
railroad 17-4^, 17-61 
Lock-bar pipe 86-16 
Locke band level 17-08 
Locked-coil rope 12-21 
track cable 26-17 

Lockouta, in mining agreementa 22-17 
Locks on safety lamps 23-26 
Locomotive, comp-air 15-42 
elec 16—11 el eeq 

in open-pit iron mines 10-435 
haulage underground 11-35 el seg 
Rll, curve limits 17—62 
storage-battery, makers 16-81 
for tunnel driving 6-20 
Lode claim, locating 24-06, ei eeq 
nature of title 24-20 
claims, Calif 24-16 
Lodes within placers, locating 24-02 
Logarithms, converting factors 4^41 
of numbers 45-01 H teq 
principles of 36-26 
of trig functions 46-85 
Logs, volume of 28-31 
Long-hole drilling in stopsa 10-191 
Long Tom 10-539 
on dredge 10-687 
Longvaa coal cutter 15-41,16-16 
coal mining 10-472,10-606 et teq 
mines, ventilating 14-18 
subsidence with 10-624 
Longyear method, core and dudge analygo 
10-42 

Loomis Cham drill 0-43 
Loose ground, tunneling in 6-r2S 
Lo«ge-Uui< sntyoy notes 18-U 
Looeeaing eerth 3-12 
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Lontle xbIm ermiiid« pliiot M-n 

mining method 10-371 
Lon Angolot hMla, ooet ol oil wella »-87 
Lon POnron aiao. ntope ffihng 10-837 
Lou of eooi in refute 13-08 
in oyanidetion 83-13 
in elec diatribution 48>43 
of gold in aluioea 10-371 
in prepared coal daee 84i^ 

Loum in air hoae 13-18 
in air tranamiaaion 13-07 
in elec tranamiaaion 13-03 
in rectifier 48*44 
in amelting 88-08 

Loot cornera. relocating 17-88 & 

time in excavation 3-02. 3-03 
Lota, ineomplete.tof ore 83-08 
Louiso iron mine, truch haulage, 10-430 
Lonloiana, coat of oil wella 0-^ 
rotary drilling 0-16 
Low Moor miaoi, top-slicing 10-313 
Low-frooaing oxploaiToa 4-05, 4-06 
Lowering unbalanced loadi 12-42 
Low-tamp diatiligtion of coa^ SleOO 
L O X biuting, Cbuquiesmata, Chile 10-462 
Lubricant, aelectiun of 41-13 ,, 

Lubricants for power machines 41-18 
Lubrication of air compreaaora 18-88 
of faoiating ropes 12-26 
of mine-car wheels 11-12, 88-80 
of rock drills 10-88 
of tramway cables 83-18, 83*18 
Lumbar requirements in Butte stopes 10-225 
standard sises 45-51 » 

Lumsn 48*48 

Lump Coal C orptoslvo 4-09 

Lune, circular, area of 86-18 

Lnpa goldfield, diamond drilling 0-56, 0-48 

Lustre of minerals i-06 

Luxemburg, lead deposits 2-24 

Lykstu colliery, elec signal system 12-87 

Mau borebols compau 9-67 
MacAlpin Coal Co methods 10-460 
Macalwain on soiamic streues lO-A-22 
Macasu mine, bucket crosshead 12-96 
shaft, cost 7-26 

MacOeorge method for borehole survoys 9-67 
Machine bit sharpeners 6-06 
drilling, open-eut 5-08 et teg 
drills in mines 10-94 
in stopes 10-127 et teg 
framing of square-sets 10-226 
loading, RE Mo 10-136 
Machine-banded wood pipe 8340 
Machine-drill blosto, chargee 5-14 
MaeUntoph boring rig 9-07 
Madden Dam, cableway t3**4S 
clay groutiiig 3-24 
Magasino ««>«t««g 10-274 
Magaxlaoa, exploeive, isolation of 4-11 
loration of 4-12 
spedfiestioM for 4r-12 
Moipna, Aria, enriched sone 10-20 
miiM, bonus system 88*47 
combined method 10-387 
cooling 14-58 
cribbed raise 10-115 
rbifting routine 10-106 
lovd inturval 1041 
madiino loading lO-lOd 
MitebeasUeing 10-t27 
refrigerating 14-63 
dbdts, oost ’ 7-27 


• u oouret of oru 10*07 
tie eoneentrationa 10-07 
water, defined 2-19 
Magnedto depositu 2-86 
Magnetic droult 48* 0 4 
dedination 1747 
measurements analysed lO-A-06 
prospecting 10-26. 10-30 
surveys IO-A-07 

susceptibility of rocks lO-A-31 d ttg 
vsite 4847 

Magnetite ore, diamond-drilling JO-63 
occurrence 2- 20, 2-21 
as a rock 2-06 

Magnetite-ilmenite in rocks 10-A-34 
Magnetixstion curve 4844 
Magnetometer 10- A- 08 
Mago,g, Quebec, hydrntilic sir comp 13*48 
Mahoning-HuU-Rust iron mine 10-434 
Maintensnao of cxcsvatiag uiuchiucs 3-02 
of mine levels 10-91 
of mine shafts 10-S4 
Makars of comp-air equipment 13*4M 
of dredges 10-587 
of elec mine etiuipment 1641 
of tramways and rablewsys 26>*i0 
Makeshift survey methods 1844 
Mslacate,iK>isutig with 12-57 
Malaria i8**S8 
Malaya, tin mining 10-610 
Maltha 2-31 

Mammoth coal seam, mining 10-431,10-408 
N Z, placer drilling 9-42 
pump for drop-shafia 3-17 
tunnel, cost 6-27 
Man cages 12-106 
Management of mines 8048 el teg 
Manganese in cyamdation 8347 
mining, Cuba JO-466 
ores of 2-26 

analytical determinations 8348 
residual 10-17 

sale of 38-13 

Madia rope, data on 12-10 
Manitoba, tnining law S4**34 
Manning hydraulic formula 33>14 
Manometers 38-83 
use in ventilation 14- 23 
Mansfeld copper deposit 2-23 
Mantos, lead-ore 10-168 
SdUnway, cribbed lO^ 270 
in raises 10-109 

Manways in chutes 10-100, 10-114, 10-117* 
10-118, 10-207, 10-212, 10-403 
in coal mines 8344 
Map drawing 17—13 
Mapt, assay 88-16 
geologic 13*4M 
mine 1344,30*44 
for mine exams 88-05 
photographic 17**4i, 1748 et sag 
for prospecting 10-27, 1042 
Marble 2-09 
as building atone 2-28 
Many ball-mill 53-18 
Margin on metals 3843 
Market, estimating sise of 8843 
for metals, etc 88-83 
rises of snthrsdte 3448 
Marketing Malayan tin 10-629 
Marktag claim location Mmtt 
Marl 2-00 

Marquolto iron orea, boring in 10-61 
Bange, contract mining 8843 
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Kuqmrtte lUaca, opea«i>It bluttiiB 10-4S5 , 
tubsidvace 10-527 
top^ciag 10-811 ' 

MfliMBt wf ety iMap MMtS 
Manb viBeetiiiMtur 0-19 
MirtimiHMt (** detector 
Martia Decker weight iadicetor 0-28 
Mertia Ore Co raiae cer 11-10 
Mueot raiae, bonus system 22-07 
churn-drill senipics 10-40 
contract aoining 22-00 

openstopinc 10-100 

trtdley locos 11-40 * 

Maeoary, oalculatiag volume 17-38 

dam 42-88 

lining of shafts 7-21 

Maaa 28-84 
density 28-02 

Maeeco coal-waabing taUe 28-21 

Maeeea, mDment of iaertia 88-48' 
ore 10-08 

Mastodon Cr, Aiaaka, droaline placer mining 
10-549 

inclined sluice 10-576 
Mat, topwlicing 10-301 
Mataharatare mine, bonus system 22-07 
filled stoping 10-251 
sand filling 10-424 
shaft, cost 7-28 

Matanuska coal fltid, diamond drilling 9-60 
Matariala, weights of 42-26 
Mattsen air-lock 8-12 
Masdraa and ntlaima by calculus 26-26 
Maximum hours, statutory 22-02 
moment in beam 42-22 
reaction in truss 42-29 
MaxweU 42-02 

Mayarl, Cuba, bora sampling 10-64 
estimating iron ore 10-71 
Open-pit iron mines 10-456 
UcCta oxygen appantua 22-16 
McCaakelt mina-car wbaal 11-12 
McIntyre Porcupine cyanide plant 22-25, 
22-26 

drift round 10-100 
lunch-box inspection 22-22 
overhand filled stope 10-241 
square-setting 10-199 
slope filling 10-238 
suMevel stoping 10-192 
wash house 22-21 
McKinley entry borer 9-08 
McPherson ah^, sinking 7-05, 7-08 
Mean candle power 42-32 
efleo press 29-64, 29-16, 29-18 
of engine 46-17 
radius of air duets 14-27 
temp difference 89-86 
Maaadarittg boundaries 17-12 
Maaauraraant of oomp air 12-48 
of eleotrioity 48-06 c( Seg 
of veUrilaUon laetors 14-81 «t sag 
Maaauraa, oonvemion tables 48-48, 46>80 
Msehanleal coal eleansra eorapared 84-88 
equivalent of heat 88-20 
handling in atopaa 10-413 s( seg 
loadara, aalaa oV 17-42 
loaibng in hsadinigi 10-108 
top^ciag 10-801 
. in tunnela 6-17,6-10 
aamsdera < 16>48 st sag 
ye|J4a)lf ain 26114 
‘ fnntiintkra i4-03,14^ «t s«g 
' Siddhdniea of ground moveraent lO^Sl 


Mcchaalxation of eoal ainw 10-488 
of mining 27-48, 81^12 
Maehanixed motal niidiig 17*42 et sag 
Medical aid for employaaa 22^8 
Madina sandstone 2-28 
Meem'a compression axparimenta 10-524 
Mriting of cyanide bullion 88-84 
of g(fid bullion 88-08 
points of substances 86-88 
Men, hoisting in skips 12-115 
Menominee Range, block-caving 10-843 
dragline mining 10-455 
top-slicing 10-309 
Menzies coal cleaner 84-12, 25-17 
Mtprcur, Dtah. sub-level oavlng 10-337 
Mercurial poiaoning 88-02 
Mercury in amalgamation 28-02 
in eyanidation 22-07. 
ore of 2-26 
assaying 8(^16 
in sluices 10-571 
traps 88-05 

Mercury' arc rectiflera 14-08, 42-84 
Msrcury-vapesr lamp 41-88 * 

Mergers, computing values for 48-87 
Metidiau, gaide 17-80 
on maps 17—14 
principal 17—30 
true, determining 17—28 e( aeg 
Meridional Unas 17-80 
Merit rating system 28-08 
Metriam coal stripping 10-468 
Merrill-Crowe precipitation 88-28, 88-84 
Mecriman hydratdic formula 88-18 
Meaabi, cost of mine track 11-26 
diamond drilling 10-38 
drains mining 10-460 
glery-holing (mdUng) 10-460 
hand loading 10-301 
hanging chutes 10-411 
hydraulic stripping S-16 
iron mines, boring practice 10-01,10-02 
drifting with augers 10-94 
open pits 10-434 
estimates 10-469 
haulage 10-435, 10-430 
limits 10-471 
waib 10-827 
ore estimates 10-73 
occurrence 10-302 
sludge box 10-41 
steam-loco haulage 11-36 
structure drilling 10-39 
sub-level ear 11-04 
top-slicing 10-302 et srg 
tramming distance 11-44 
Mesozoic rocks 2-18 
Metal minea, fatalities 88*67 et teg 
ventilating 14-19 et teg 
* cost 14-07 

Metal-myna fires, dieasmoua 28-49 
loaders 87*42 et scg 
mathod, choice of 10-428 
metboda'daesified 10-123 
regulations 26-02 
Metallic dusts, pokonoua 22*46 
oraa, ezam of 1-09 
Mdal^ in samplea 89 02 , 20*02 
Maials of the eartii 2-18 
pricaeof 2^44 
propertfea of 06*42 
Radnetwii Co pipe hendframa 12-42' 
tensile strenttb of MT'-QV 
MatamarpUa miaeral dmioatts 10-21 
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Mttaampbk voeka 

minerab of 1-11,2-OS 
Metcalf mine, filled atope 10-248 
Meteoric water 2-40 
Metarlof of electricity 48-41 
Metera for comp air 18-48 
MethaBe detoctora 18-fll 
flow from coal minea 88-08,88-10 
icniticA of SS-4S 
inflammable limita tS-OT 
in mine air 88-08 
preaa of, in strata 88-08 
recorders 88-88 
testing for 88-88 
Metric ajatem 48-47 at aag 
Mudcan Corp, winsea 10-120 
dry washer 10-540 
mine, hand atoping 10-126 
mining grants 84idMi 
silver ores 2-26 
Mexico, hand drifting 10-03 
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Bherritt Gordon mine 10-148,10-156 

Soudan iron mine 10-247 

S E Misaouri 10-63,10-136 

S W Wisconsin 10-66 

Tilly Foster nuns 10-176 

tin in Malaya 10-619 

Tiro General mlue, Msk 10-280 

Tobin irwa mine 10-844 

Tonopt^t Nev 10-106 
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On^oMnrrmwoftTri-Stetedfait lO-MtlO-lS? 
Unitod Vttrde fist nttoe 10-281 
ValUd Verd« miM 10-8S. 10-248 

Utah Copper mine 10-440 
Utioe h’on nine 10-808 
Viotorin inii|e, B C 10-264 
Walker mine. Cal 10-288 
W Aoetryia 16-82 
Wltwaterarand 10-81.10-144 
Wright-Hargreavea mine 10-105 
•ale of 8S>62 tt teq 
v^na, uinerala of 1-10 
Ora-dreaaiag machines, tasting 81^0 
Oregon, bydraulio mine 10-550 
ref to mining law 24>18 
Ore^sB system, Braden mine 10-362 
*‘Oreinsii^» 85-18 
Ores, adaptability to eyanidation SS>06 
magmatic 10-08 
rsBistivity of lO-A-30 
Oresheots 10-15 
effect on development 10-85 
Organiutlon fw fire-flghdng SMI 
^ a Imge mine SO>0S 
for mine reacue SS"5S 
for mine safety SI-46 
for ehaft^nking 7-04 
for tunneling 6-02 
Orient shaft, hoisting speed 12-46 
Orienting aerial photos 1T->5S 
drill hdes 0-64 

Orifice, disoh of air through 16-43 
meter for comp air i5>40 
Orifices, flow through S6-0T tt ttg 
w of gasea through 80415 et ttg 
draulic S6-46 
ventilating 14-30 
OriidB of ezploeiona, tracing 88-46 
of mineral deposits 10-06 
Ortginal mine headframe 12-73 
Otmarod detaching hook 12-116 
Otoville, Cal, dredging 10- 588 
placer deposits 10-535 
Oriwt gea-enalytia apperatus SS-SO 
Orthorhombic crystals 1-04 
Osesels lode, mining methods 10-172 
Oseillsting coal-sizing sccssns S4->1T 
Osminm, occurrence of 2-27 
Ottsngs 8 mins, shaking chute 10-416 
-Otter Cr, Alaefca, cold-water thawing 10-618 
Otto cycle 80-18,80-10 
indicator oanl 40-80 
Otto-Wllpntte eeke oven 86-8T 
Ontbnrsta ot gae in minee 86-00 
Outcrop 2-16 
buri^, chip sampling 10-67 
erf vain, plotting 16-28 
Outcrops cutting dsim boundaries 84-88 at teg 
migration of 10-27 
of ore 10-05 

Outfit for aaino exnms 85-80 
Ovorbroakago 5-02, 5-27 
Ovorbordosi, rnansnr^ hr rasistivity lO-A-14 
Ovorcaats, ventilating 14-18 
Overeat ehsto-gnt# 10-410 
Ovnrhnad* stapes 10-160 «t see 
star^nc 10-124,10-127 
"summsrr 1(M87 

Orwisit ssdimmitArr 8-16 . 

OfW’^trotlas of diJ-wnB ptiinps 44-18 
Ovsilstrom Uaivsrsal InUe 88-81 
OMvpf ndifls afiowanss 18-68 
fegrulso h^t 10*10 
,l6shafta 18-116 sf see 


Owens borebels suTVs^ag 0-67 
Owyhee tnnnsl, procedure 6-10, 6-80 
Osi^tioa affecting mine air 88-^ 
of orebodies 10-18 
of sulphide ores 10-17 
Oxides in rocks 2-02 
Oxidisstien minerals 1-10 
Oxidizing agents in cyanidatioa 88418 
Oxj^en consumption by breathing SS-lS 
in eyanidation 88417 
deficiency, effect on lampe 81-86 
depletion in mine air 884)6, Sl-ffI 
in nune air 88-04 

Oxygen-breathing appaimtna 88-88 si asg 
Ozoeetite 2-31 
nature of 1-51 


Pachuca cyanide tank 88-18 
cyaniding cost 88-80 
Pa«^, timber, Rand 10-148 
Packing of ore 11-02 
Packwalla 10-162, 10-163 
Paiata, mineral 2-32 
Paleozoic rorics 2-18 
Palladium, assay for 80-16 
occurrence of 2-27 
Palong, Malayan 10-621 
Pamlico mine, tracing float 10-22 
Pan amalgamation 81-16 
assays 804)8 

conveyers, coal preparation 86-10 
gold washing 10-637 
loading, for shaft-sinking 7-11 
Panel slicing 10-316 
Panels, coal mining 10-488, 10-493 
Pnngbom dust collector 86^ 
Panning, exploration by 10-22 
gold 10-637 

proepeeting by 10-27,10-20,10-32 
tests 81—11 
Pnntogmpb 17-10 

P. A. P. nlluvinl prospecting d|^ 9-08 
Papua, dredging in 10-600 " ‘ 

Parabola, equations of 86-88 
formulas for 26-08 cl teq 
geometry of 86-10 
mensuration of 86-18 
plotting 88-06 

Paraboloid, mensuration of 86-18 
Parallel axis theorem 86-48 
line surveying 17-88 
operation of d-o generatora 48-09 
aUcing, Messbi 10-303 
' ParaUrtiiig of a-o generators 46-18 
ParaUetogram, area of 86-11 
of forcoe 86-M 

ParaUelopiped, mensuration of 86-18 
Parallelopl^dott of forces 86-80 
Pardee Dnas, tramway 86-88 
Park City, Utah, breast stoping 10^141 
Cons Mines Co, me^ods 10-268 
hand drilling tn atopes 10-186 
Parkersburg oil-wsJl pomp 44-17 
Psik-Utah mine eer 11-11 

sereper loading 88-80 * 

scraping 10-211 
signal system 1M8 
tu^sl set 6-2^ ' . 

Paml, Vs)^ filled sti^ng 10-285 
Psniiih serssa 81-08 
Psrthti pressure 89-88 
Paftlels else, detemdrihlg ,8I-4|I , 
PutiagsIgaUltafiverbendi . 89^ , 
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Piucal'a law of faydrosUtio* MHM 
PWMcawayt, air eurrenta iu 14-09 
Paaaaager tnuawaya S9-M 
Faaaiac poiat of eacea in abaft 12-10 
Pialaat, |>rooeedingB for U-M, t4-M, 24-19 
aorvey IT-W 

Palo Cou Gold Drodgioc. Ltd, data lO-SOS 
Patronito, nature of 1-51 
Paul osygaB apparataa 29-98 
Pay-daya, interval 22-10 
Parent for metaJa in orea 92-08, 92-14 
Payroll 22-10 
abeet 20-09,20-11 
Payaant lettariac pens lT-14 
Payatreak 10-634 
Poabody Coal Co metboda 10-401 
Peak load, elec 42-98 
Pearoo-Low method for tin 90-12 
PoaiUte 2-04 
Peat 2-20 

Pocholliron oil mining 44-94 
Pecoa mine, drift round 10-90 
raiae round 10-114 
Pedometer lT-02 

Peg method of levd adjuatment 17-08 
mine modelB 19-49 
Pegmatite 2-04 
nunerals of 1-10 
Pellet powder 474)8 

in eoal minea 22-98 
Felton water wheel 40-24 
for hoiat 12-60 

Pemberton Coal Co, meohaiUBation 97-24 
Panaltiaa on amelting orea 82-08, 82-12 
Pendulum readings lO-A-05 
Pendninms, gravimetrio^tirvey lO-A-03 
Pensions 22-14 
Trail, BC 22-17 
Paana anthracite, boring for 10-37 
arbitration in 22-18 
coat of oil wella 0-30 
labor law 22-18 
Pentico, ahafiwinking 7-05,7-11 
Perch moaauro 48-88 
,PerceUtiag bod for aewage diapoaal 82-98 
Parcolarion in cyanide tanka 99-18 
cyanide teeta 91-17 
Percnsalon, center of 96-97 
Perfect-diacbarge elorator 27-82 
Peiforatiac oil-wbll tubing 0-28 
Peridotite 2-06 
Perioda, geologio 2-17 
Peimanganato mottiod for antimony 82-18 
ParmoaMlity, magnetic 42-04 
Permiaaiblo electric lamps 88-97 
ozploaivea 4-06, 4-22 
gases from 28-98 
safety lamps 2S-8i 
Pormatationa 8 91 0 9 
Porpfndicniara, eonstrueting 89-88 
Poriy formtHaa for miaaing water 89-18 
Pania, oil-well practice 44 fOB 
Partenaneia, Mexican 14-18 
PatrMonaa, eomposition of 1-81 
loaoe, AlbCTta 24n82 
daafcatcfaewaa 24-18 
miMag 44-14 
ooeomnoe of 3-31, 44-4NI 
eriginof 2-81 
pcieaaof 2844 
tpgrof 3r3l 

P2ipaMc8|teOi,tiloolt<«aring 12-340.10-842 


Pbanotran racHOor 42-84 
PbaM* coaaactions. iaduetton motors 42-19 
Phases M aynchconona motors 42-18 
Pbatpa Bi^o Cocp, accounts 21-89 
Ajo, Aria, open-pit mining 10-440 
prospect drilling 10-58 
Biabee, Aria, gloryhoUng 10-460 
Mitchell slicing 12-228 
topsiUcing 10-316 
boring records 10-47 tt teg 
Clifton, Aria, oombination method 10-884 
diamond drilling 9-81 
Jerome, Aria, calyx boring 10-121 
diamond-drilling 10-67 
filled rill Btope 10-273 
fiat-back filled at ope 10-248 
open-pit miuinK 10-441 et atg 
timber ueatin,! 10- 236 
top-nhring 10-320 
mine dwelling 92-96 
Morenci, Aria, block-caving 10-346 rt tag 
combination method 10-384 
fiat-back filled atope 12 248 
inclined top-elicing 10-322 
open-pit mining 10-449 
Morenoi-Metcall, top-alieing 10- 313 teg 
shoveling data 10-103 
Warren, Aria, filled rill atope 10-205 tt t«g 
Phenocryata 2-03 
Philadelphia leveling rod 17-99 
miila ft Reading C ft I Co, coals 91-38 
PhiUppina la, public lands 94H>9 
Phillips croaa-over dump 11-31 
Pfalogopita, occurrence of 2-32 
PhonoUte 2-06 

Phosj^ate, Fla, boro teating 10-55 
mining 10-450 
atripping 3-16 
mining law, B C 94-94 
mining, Tenn 10-457 
rock, prospecting 10-33 
Tenn, bore teeting 10-66 
Pfaeaphatea, mineral 2-32 
prospecting for 10-24 
PboaphoruB, salt of 1-00 
Photo-alec cells 14-91 
Photographic borehole surveys 9-67 
surveying 17-46 
Photographs, aerial 17-49 
Photo-magnatic borehole aurveying instrumenis 
9-64 

Photoatat prints 17-11 
Physical properttea of rocks 12-A-30 H ten 
Picber distr, shoveling 10-134 
No 1 mine, Okie 10-137 
Pick breaker for coal 96-96 
Ptokands Hathar ft Co, scrapers 10-419 
PickiBg tablM for coal 89-^ 

Pick-np of d-c generator 42-99 
Picric acid as axptoaive 4-06 
"Piaca^ate** syatMD 99-98 
Ftofce Co, Wa^ pillar drawing 12-808 
coal mining 10-521 
Piercing, prospecting by 12-24 
Piexometer S8-99 
Hgmeata, mineral 8-32 
prices of 88-84 
Pifrtyes, Rand 10-148 
POifM aodae. Bh9f(>nyiig 7-12 
shaft, oMt 7-24 
Pile fonmlattotis 48-98, 42-98 
PBg^ mine, underfumd atoplns 12-lM 
ndiar, eonorete 10-lSB 
feneiag 10-^49 
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POltf ndoiiic of ooal 10-473 
FraakUa miao lO-OSO 
Miand miao 10-081 
■IMUsiiic 10-171, 10-178 
work, nocbaniaed fT*40 
KUar-eaviaf, DeBewa atinei 10-808 
mininc methoda 10-371 
PUUr-uid*«hambor workinfi 10-175 at uq 
PilUn, artifioiBl 10-163 
ia breaat atopaa 10-134 
ooal. robUag 10-501 et wq 
coal otiaa, aisa v/L 10-476, ,.10-478, 
10-401 

^eot on aubaideace 10-524,10-580 
nuning 10-123 
of ora 10-162, 10-168 
Rand 10-145, 10-148 
percentage of ore in 10-135 
recorering ore in 10-135 
reinforcing 10-134 
atrengtb ^ 10-530 
Bub-Ievd caving 10-827 
Pilot mill advocated Sl-OS 
raiaea 10-100 
treatment plant 85-88 
Piaa wood, propertiea 48-80 
Pin-tarmiaal rail bonda 15-07 
PiOBoer miBO, raiae round 10-113 
Pipe ooveringa 41—18 

attinga 41-16.41-17,41-18 
friction in 15-14 
iron and ateel 41-18 et tag 
linea, deaign of 88-88 
for oil 44-85 
water-aupply 88-58 
aampling 80-08 
atandard aiaea 88-17 
ventilating 14-13, 14-15 
Pipaa, 6ow in 88-11 et «eg 
flow of gaaoa in 88-06 
flow of water in 88-18 at aafl 
for fluahing minea 10-516 
friction of water in 13-08 
bydroatatie preaa in 88-07 
for aand filling 10-423 
ateam 40-81 
atreaaea in 88-81 
Piping over aide 10-560 
for pumps 40-88 
PiatoB air drills ‘ i8<4i 
drills in mines 10-04 
in shafts 7-06 
speed, determining 88-04 
hoisting engines 12-46 
valves on steam hoists 12-51 
Pit aampling 85-10 
Pit-ear leadera 87-15 
Pitch circle of gears 41-08 
PUohUande, oeourrenoe of 2-27 
testing for 10-25 
Pitches and flats 10-15 
Pltehing coal aoarna, developinant 10-470 
longwdl 10-507 
mining 10-408 
stripi»«g 10-468 

Pitot tnbo for air maaauramanta 14-22 
for gaaas S0o88 
hydraulio 88-88 

Pita, proapoating lO-itt, 10-26, 10-83, lQ-84 
PIttabnrflh Coal Co, aeoounta Sl-fS 
coat of track 11*46 
ttlMcar 11-05 

aahadnla 85^13 

jl|i|jilb«odiiiiiiiiig 10-483, 


Raaor dtdm, locating . 8 4 - 08 
nature dl titia 84-88 
aurv^ 84-18 
elaiins, B C 84-88 
Calif 84-18 
laws on 84->14 
NWTarr 84-81 
Burvey of 17-87 
depodta 10-17, 10-588 at aag 
drilla 0-41 

gold deponta 2-25 - 

gravel. Emigre drilling 0'4)5 
mining 10-633 at tag 
methods dassified 10-540 
sampling 25-18,28-14 
Piacara, examination of 25-M 
test-pitting in 10-23 
Pladng coBcrata 48-11 
Plagioclaaaa 1-05 
Plane, equation^ of 88-84 

motion and rotation 86-18, 88-87 
Planaa, self-acting, curves on 11-18 
Plane-table aurveya 17-48 
Planimetar 17-09 
Planimetric map 17-88 
Plank, allowable loads on 43-48 
chutes 10-403 

Plant, surface, for tunneling 6-06 
Plantd storaga battery 48-88 
Plaster, testing on 1-08 
Plastering in buildings 48-41 
Plate amalgamation 81-15, 58-08 et sag 
feeder for coal 85-05 
Plates, sted, in sluices 10-568 
Platinum dredging, Alaska 10-594 
metals, assaying 85-16 
sources of 2-27 

Plat-O cbsl-wasbing table 55-20 
Plaistocena rocks 2-18 
Plotting traveraes 17-11 et eeg 
Plowing in earth 3-05 
Plow-steal hoisting ropes 12-19 
Plug and feathering 5-24 
Plugs for underground survey stations 18-01 
Plumb-bobs, surveying 18-05 
Plumbing shaft instrumentally 18-41 
in taping 17-18 
Plunger pump 40-80 
Pneumatic flotation, testing SI—IS 
shaft-sinking 8-12 et eeg 
signals for shafts 12-86 
Pneomatogen apparatus 28-58 
Pocahontas Add coal mining 10-487 
Pocket compass 17-05 
Pockets, cod-loading 54-14 
abaft 12-119 et eeg 
in square-sat atopes 10-212 
Pod auger boring cost 9-04 
Pointing holes in haadinga 10-9d 
Poise 58-08 

PoiaeBing by cyanide 88 -50 
Poiaaon'a ratio lO-A-21, 45-08 
ratios for roeka lO-A-48 
Polar diatanco of Pdaria 17-80,17-lf 
Pdaria, obaervationa on 17-80 
Poles Mid croaa-arina 10-05 
for dee diatribution 48-80 . 

Polish rod, oU wdl 44^18,45-17 
Polished Mirfacat, exam* id 1-08 
PoltoUaf eommotatora 48-08 
Polycoaic projection 17-18 
JMygoa, area of 88-11 
' t&bmeat of inoftiif S8-4T 
Ptibvtom dredta 48-18 
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Pttlyiduuc tranafoTmatipna 4S-U 
l*ontoon bull for dredces 10-581 
Pony tet* 10-351, 10-376, 10-360 
Pool«4 comp fund 66-05 
Pools, p«tr(dettm 2-31 
Porcupine, Ont. diamond drilling 10-40 
headframe 12-69 
Pore space fUlinfs 10-10 
Porositj of briek 46-10 
mesBurements in wells lO-A-20 
of rocks lO-A-38 
Porphyritic texture in rocks 2-03 
Porphyry copper deposits, boring in 10-57 
test boring 10-74 
mines, haulage in 10-90 
stripping limits 10-470 
Ptnphyry shaft, Ariz, cost 7-26 
Portable cable-tool rigs 9-14 
churn drills 9-41 
compressors 16-16 
gas analyzers 66-80 
magasine for explosives 4-15 
steam hoists 12-50 
Portland cement, properties 46-09 
sources of 2-29 
mine, overhand sloping 10-165 
tramming 11-32 
Porto Rico, public lands 64-06 
Post brake for hoista 12-15 , 

Post-butting square-sets 10-214 
Post-hole digger 9-04 
Posting notice on claim 24-16, 64-16 
Posts, sill-floor 10-220 
spacing in square-sets 10-213 
Potash for assaying 30-06 
deposits 10-16 
salts, diamond drilling 9-60 
Potaaaium salts, occurrence 2-32 
Potential control for d-o motors 46-06, 46-11 
of induction motor 42-80 
ratio elec prospecting method lO-A-17 
Potnsf, Bolivia, hand drilling in stopes 10-125 
PotrerillOB, Chile, block-caving 10-305 
Potsdam gold ore. Sc Dak 2 -25 
sandstone for building 2-28 
Powder consump in drifting 10-93 
drift 10-296 
Power 66-56 
of alt current 46—14 
for anthracite breakers 84-66 
of belts 41-04. 41,06, 41-07 
for bucket devators 67-66 
for coal crushing 85-08 
comp-air 16-06 tt »eq 
for compressors 18-06, 16-06 
for cone crusher 68-00 
consumed, Alaska Treadwell 61-11 
Goldfield Cons 61-06 
conversion factors 89-60 
cost of 40-06 «t teq 
for crushing rolls 68-11, 68-16 
diagram, conical-drum hoist 12-34,12-37 
oylindro-eonical hoisting drum 12-40 
for dragline dredging 10-601 
for dragline excavators 10-455 
for dredw 10-584 
elec, for mines 16-06 et leq 
units of 46-06 

Bxcaraton in placdr mining 10-549 
faotor of sit current 46-14, 
of hiduetion motors 46-16 
for feeders 6W16 - 

gsasrsiaqui Mbts of 40-07 
tqg frsvi^ stamps 66-14 


Powo' for gyrstery eroshers 60-06, tO-Oi 
for hoisting 12-60 
hydro-dec, cost of 10-596 
for jaw crushers 6 6 06 , 66-04 
lines in mince 66-60 
meBsurement of 40-44 
for mine fans 14-51 
plants, dectric 46-04 
heat rates of 4 0" 0 4 
requiremeute, mining, etc 40-01 
in rope drives 41-10, 41-11 
scrapers in placer mimng 10-545 
shovel for coal stripping 10-464 
in placer mimng 10-546 
shovels 3-08,8-15 
economics 3-02 
in open-cut minm 10-434 «< s«q 
in stopes 10-421 
systents 40-08 cf seg 
tramway 66-64 
for tube-mills 66-16 
ventilating-rurrent 14-24 
for ventilating mines 14-07, 14-33 
Power-driven tramways 66-67 
Power-fsetor meter 46-4)8 
Power-^nt testing 40—46 
Powet-shOTsl tonasge estimstss 10-44 
Powers, algebraic 64-04 
Pre-Cambrian rocks 2-17 
Pre-cast ihsft sets 7-18 
Prsci^tstes, roek-forming 2-09 
Preci^tstioa from cyanide sds 86-00, 66-10^ 
66-68 St srg 

of sulphide ores 10-19 
Preeiae leveling 17-60 
levels 17-06 

Precision in surveys 17-17 
Preformed wire rope 12-21 
Preliminary RR survey 17-60 
Premature blasts 66-66 
Premier diamond mine, open-cut 10-433 
Preparation of coal 86-06 ft aeq 
"Prepared sizes" of anthracite 84*4M 
Present worth of money 48-01, 46-64 
Preservative treatment of timber 7-17,10-235, 
48-88 

Presidio mine, drift round 10-100 
Pressure for air drills 16-68 
atmospheric 88-4)8 
measuring 14-23 
due to explosions 88-44 
gage, recording 14-24 
gages 40-44 

hydraulic, measuring 86-89 
hydrostatic 8 6" 4 ) 4 et eeq 
maintenance in oil wells 44 - 0 4 
mean effec 86-04, 86-16, 86-11 
of mine air 14-03, 14-07 
of mine fans 14-45, lO-KS 
of mud fluids 9-20 
natural, of gas 44-06 
natural-draft 14-35 
potential, airways 14-32 
on shaft walls in soft ground 8-(Kt 
staging of turbines 40-10 
Bteam, for boiata 12-46 
system of ventilation 14-06 
in ventilating circuits 14-25 
PrsveaHon ad mine Ores 66-40 
Prices of metals, etc 66-66 H ssa 
Primscord Msstiag fuss 4-68 
Priiasry elec bstteries 46-66 
nunmsla 1-10 

' Primsrs, bissting 6-12,6-18 
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Rtiaitnf in boiUn M t O 
oeontrifagnl pumiM 13^19.1>9>1S 
explorivM 4^19 
^nmiNi 49HM 
Ptlmiac-pvap* 13-30 
Priacft I>*opold mine* top^dng 1(>>924 
Principal pdnt tT'-M 
Print nutKi-llow cod wndior 39-M 
Pibraiatic oompaM tTHMI 
teleaeope on troncito 18»11 
Pctemoidd f mauln 39-19 

PrltnUt moncurntton of 34-13 , 

Private tenda> minarala on 33' 9 1 
ProbaMlitjr 3i-03 
Probing, proopeeting by 19-33 
Problama, minoourrey 18>33 
Prodocar gaa for dredge fuel 19-S99 
Prodneert, gee 49i4l 
reaotiona in 39>33 . 

Prodoetion coat, eetimRting 13-33 
Prodttcta nude from minerals 1-12 
Profile leveUng 17-33 
paper 17—10 

Pro^ daily eatimsfa 30-03 
from meclianUation 37-30 
Prony brake for meaauring power 40-33 
Propagatten of c^loaions 33-33, 33-33 
Propane in mitMTair 3 3«3 ) i 
Propeller tans 14r-31 
Propelling force of exploaivea 3-17 
Property Munderies, legal 17-39 
Proportion, matbematiioal 33-03 
Proportioning concrete 33-10, 39-11, 33-13 
Proprietary mine, NSW, filled stope 19-239 
Props in barrieades 19-318 
top^licing 19-209 
Prop-slicing 19-280 
Meeabi 19-307 
Proratiag of oQ wells 33-03 
Prospect 19-03 
shaft, oast 7-23 
Prospeetlnc 10-03 
with augers 0-03 
with churn drills 9-41 s( sea 
eonseasion, Mexioan 
eonditiona for 10-04 
cost of 10-05 
equipment, eto 10-77 
g^ogioal data for 10-09 at sea 
methods 10-21 st sea 
permits, U 8 33-13 
placer grayel 10-906 
PrMpehtive ore, estimating 33-33 
Prospects, valuation of 33-iff 
Protecting trolley wire 13-47 
Protoctira dotking for miners 38-37 
Proto oxygon appesatne 33-33 
Provieione tor proepeetera 10-78 at eea 
Prodmeto cod endyola 8-29. 39-30 
Psychdocy of sampling 33-03 
Psyehosoic roclm 2-16 
Psyshromotore 38-43, 33-03 
PnbUc domain, t7 8 33-03 
PnddUng day 19-420 
Poortoeltod, Max, opon-out mins 10-381 « 
Poll to tapls« 17-18 
Pon^fw bdto 31-47 
Pnlltogofnails 43-37 
stomps 3-12 
Pnlssoter It-dV* 

Pdp eonsiatonsy tormdtoa 31-31 
Pnlverisod cod fad 40-43 
Pwntos 3~04 

at ace 


Puavt for eonmottoo 4-23 
rooms 13-13 
Lansford, Pa IS-Ofi 
Pnmptog by comp dr 13-33 
at Fla phosphate' minse 10-339 
jades, oil-well 33-13 
oil wells 33-13 at aeg 
station, Greenwood colliery 18-17 
Hasleton shaft 13-07 
Pomps 30-18 at aeg 
diamond-drill 0-60 
diaplsoement 13-33 
on drsdgea 10-583 
else 13-15 
for gravel 10-923 
placer mining 10-676 
for grouting 9-26 
for hydraulio etripping 1Q-60S 
installing 40-38 
mining 13-11 at aeg 
makers 10-81 
Purchased power 30-46 
Pure ores, crucible assay SO'^O 
Purification of boiler watm' 30-30 
of water 23-37 et aeg . 

Push shovels, meohaniod 8-10 
Pyramid stopea 10-204 
Pyramid-cut in shafts 7-08 
tunneling ^08 

Pyramids, mensuration of 36-14 
l^rite in aeaay charges 80-03 
sale of 33-17 

Pyrotannic monodde tester 38-30 

Pyroxenite 2-06 

Pyrrhotite in sand filling 10-321 

Quadratic equations 33-46 
Qttsdrilatsrd, area of 36-11 
Quarries, blasting in 4-24 
churn-billing in 9-34 
fatality rates 23-37, 83-30 
underground slate 10-177 
Quarry bar 5-08, 18-35 
blasting 6-12 
tools, pneumatic 11—30 
tramwey loading I3>40 
Quarrying 5-23 at aeg 
Quarter-girth rule for timber 10-225 
Qhartertog of samples tO-OS 
Quarter-section, U 8 lands 17-33 
Quartz-diorite 2-09 
Quartrito’'2-09 
Quaternary rocks 2-18 
Quebec, aabestoe mining 10-363 
mining law 33-33 
prospecting to 10-80,10-31,10-77 
Queen mine, slictng sjrstem lC-227 
Quenching d drill sted 6-06 
Quests, N IS, drifting data 10-93 
resuing 10-236 
QuickUme, source of 2-28 
QdckMnd, nature of 3-03 
Quincy nine, baulage in 10-90 
hoisting 12-59 
hoisting drum 12-10 
bcisting speed 12-36 * 

openstoping 10-174 < 
scrapers 17-Mj > 
skip 12-107 
skip dumping* 12-113 
Qsit-daim deed 33-38 

3 

lUcceen Bend oil field yractise 3 3»4 3 
KMkpg-fock nt Qoidsn SidsM mine 10-449 
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Saek-nSloeM 11-36 
■liaktc 10-386 
M«ial» 10-304 
top^ioiiic 10-312 
Kuliaian coal cattei 16-41. 

Radian 36-11 

Radio tim oflaeta, aurreying by 18-16 
Radiation of heat 89-36 
Radicala, algebroio 86-<M 
Radio vavaa for prospecting lO-A-10 
Radioaetiyity of rocka lO-A-41 
Burveya lO-A-28 
testing for 10-26 
Radium, source of 2-27 
testing for 10-24 
Radius of gyration 86-43 
Rafter seta in drifts 10-108 
Rail bonding 16-6V 
props, Rand 10-148 
rifBes 10-666 
shipi»ng of explosives 4-10 
stations on cableways 86-88 
Railroad ears for earth haulage 3-06 
tractive resist of 11-29 
embankments 3-18 
location survey 17-60 
work, blasting for 4-26 
Rails, adhesion to 11-36 
bending 11-17 

elec resistance of 16-04, 16-06 
steel, for mines 11-14 
Railways, industrial 3-06 
Raimund iron mine, scraper loading 87-80 
Rainfall 88-88 
Raise 10-03 
timbering 10-360 
Raises 10-109 el eeq 
branched 10-336 
^ory-hole 10-461 
hand drilling in 10-119 
Miami mine 10-360, 10-379 
spacing of 10-91,11-44 
aub-level caving 10-326, 10-330 
w winsee 10-120 
Raising, examples of 10-116 
tfirough filled stope 10-118 
of shafts 7-12 
Ralph gas detector 88-68 
shaft headframe 12-72 
Rand, boring on 10-34 
cyaniding costs 88-80 
development of deep mines 10-86 
deviation of boreholes 9-63 
diamond drilUng 0-69, 10-66 
diamond-drill core recovery 9-66 
explosive for sbeft-einking 7-09 
fuse igniter 7-10 
gold mining costs 81-17 el eeq 
grinding for cyanidation 88-11 
band drilling in atopea 10-126 
hoisting guidss 12-83 
prsetlos 12-68, 12-69 
levs! interval 10-91 
mining methods 10-144 et teg 
psekwslls 10-163 
prospsoting 10-31 
rock-bursts 88-04 
■and filUng 10-421 et teg 
aeraiung in stbpes 10-4^ 
abaftwinking Coats 7^29 
shaking ehutes 10-416 
■paolAg of r#MS' 10-02 
ftaam bawting 12-61 
stNBCth of 10-680 


Rand, undngroimd baidags 10-00 
ventilation 14-06 

Raadfoutsia Central ahafts, hoisting tO-M 
Estates cyanide ptsnt 88-W 
mine skip 12-110 
■haft, cost 7-30 . 

Random lias surrsyis^ 17-67 
Rsndsburg, Csl, diy washing 10-640 
Raugs lines 17-80 
U S lands 

Rankins eyrie 80-80,80-40 et eeq 

formula lor bins 12-131 
for columns 48-00 
for earth prees 48-10 
Ranney oil-mining procass 44>44 
Rantau Tin Oradging Co otuipmsnt 10-027 
Rate of combustion 86-84 
Rate-flow meter for gas 40-48 
Rating of d-c motors 48-11 
of elec machiuee 48-08 
of gM producers 40-48 
of gasolene hoisting engines 12-86 
of hoist motors 12-32 
of ineandeseent lamps 48-88 
of induction motors 48-18 
of mine fans 14-46 
of storage batteries 48-80 
Ratteree mining method lO-ni 
Rawley tunnel 6-15 
cost 6-27 
procedure 6-24 
Ray, Ariz, enriched sone 10-20 
Ray Cons Copper Co, accounta 80-00, 80-00 
block-caving 10-364 
borehole estimates 10-76 
boring at 10-63 
churn-drill samples 10-46 
combined method 10-374 
leaching ore 10-400 
modified system 10-378 
etoping method 10-131 
tramming 11-32 
ventilati on 14-06 
Reaction steam turbines 4lb>tl 
water wheels 40-88, 4644 
Reactions, explosive 4-02 
mineral-forming 164)6 
in sulphide enrichment 10-19 
Reagents, assay 80-04 
blowpipe 1-07 * f 

flotation 81—18,81<-14 
Reamers, csbJe-tooi 9-12 
Recslsscent point of steel 6-06 
Receivers, comp-sir 18-88 
Record, ssmpliBW 88-18 
of survey. Calif 84-10 
Rscordinf dec meters 41-08 
gages, hydrsulie 8848 
Records for boring 10-47 st eeq 
daily mins 8648 
geologic 19-414 
mine labor 80-08 
■uppliss 86-11 
working-face 80-00 
Reciprocals of numbers 46-M et teg 
Roeipcoesting compressors 18 - 08,1848 et teg 
espso of 18-08 
feeder for eosl 80-06 
pumps 40-06,40-88 
roek drill 18-06 
■tssmengins 4047 
Rscirctdatioa of mr 14-38 
RscOhnatsssiico survey 17-40 
RscovsrsUo ors, sstimsting 88 < 0 8 
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K«ceT«ria( miiia tinlMr 10-229 
ore in piUui 10-139 

of eaved atopM 10-293 
in coal mininc 10-472 
lUinoia 10-401 
aftar axpioaiona 93-90 
tqr flotation 31^1 
mlU 31-49 

in tin dredginc 10-027 
Koetanci*> eaoraat^ of 30-il 
momant of inwtia 30-40 
Roetancnlnr ahafta 7-02 
Reetiflon, tieo 41-94 
Rad* oantrifugal pumo 44-49 
Cas-lift pump 44-09 
Rad Croat blaating powdar 4-08 
Extra dirnamita 4-00 

Cr., Cal, Rubla alavator 10-679 
Rad Jackat abaft. Mich' 10-87.10-88 
bdbtinB 18-90 
worUnga 10-107 
Radttclng power of ora 3O-10 
RoducUon gear for oil-well pumpa 44-18 
gyratory oniahar 98>40 
ratio, oona oruahar 90-09 
gyratory oruahar 90-00 
in ora oruahing M-09 
ofroUa 93-19 
Radwood, propertiea 43-81 
Raad oU-waU bit 0-20 
Raafa, Bo Afrioan 10-144 
Raala, hoiating by 12-11,12-32 
for tapaa 10-10 
Ra-antry ataam turbine 40-10 
Raflning of oyanida pradpitata 33-94 
Raflaction of haat 39-00 
aeiamia lO-A-24 
Raflaetor aigna in minaa 93-93 
Raflaetora for alee lampa 49-94 
Rafraetion, correction for 17—93 
aaiamic lO-A-23 

Rafrigoration of mines 14-99 et teq, 9^14 
Refnga chambers in rollicriaa 99-09 
holes in haulagawasrs 98-94 
Rafnaa, coal, disposal of 30-14 
Regaliaa doctrine 94-00 
Raganaration of oyanida 33-34 
Rsglonal-matamorplilc rocks 2-09 
RagnJating a-o generatora 49-10 
aynohronoitt converter 49-93 
transformers 49-90 
' transmission line 49^9 
Rogolatlona. Land Dept 94-19 
^ning 94-09 

Ragttlatora, air-oompreesor 10-18 
tramway 90-39 
ventilation 14-13, 14-30 
Reheating comp air 10-97 
for hoiate 13-93.12-94 
Rdnforcad concreta 43-19 d sag 
Roinforcamant of concrete shaft lining 7-10 
Reintoreiog pillars 10-134 
squaro-sets 10-222 
Reinhardt lottaring 17-14 
Ralarive humidity 99-09 
control of 83-14 
Relief on aerial photos 11^1 
ReUghring safety lamps 93-30 
ROleeatiott of dslm. Calif 94-10,94-17 
Raloctanea. elec, unit of 49>49 
Raawta-eoartvol ventilating doors 14-12 
Renton, WoaR* shale quarrying 10-408 
Raopesite gii abandoned mina 10-88 
s^sdmeea 9l 91 


Repair of tapes 13-10 
of tramway sables 99-18 
Repaiia, drUl, cost of 7-07 
Repetition in angle reading 17-19 
Replacement ora deposits 10-10 
Replogla mine, shrinkage stoping 10-282 
Reports on industrial seddanta 99-13 
on mines 90-09 s< mi 
writing 90-30 
Repose, angle of 3-03 
Raprassuring of oil wells 44-19 el seg 
Republic mine, chambering 10^178 
Re-running old lines 17-99 
Rsaampling of ore 99-11 
Re-scraeaia« of coal 30-07 
Rescue crewa 93-07 

work, organisation of 93-00 
Resection, locating points 1^ 17-40 
Reeerration of mineral lands 94-00 
of mineral rights 94-00 
of miiung ri^ts 94-00 
Reservoir prose in oil wells 44^14 
Reservoirs, underground, tapping 13-04 
Reaidual iron ore, prospecting 10-33 
ore deposits 10-16 
plaows 10-934 
Reailience 43-08 

Resiatanee in air currenta 14-31 d csg 
to air flow in mines 14-08 
oar and track 11-27 
of copper wire 4r-31 
of d-c generator, testing 49-4W 
of elec firing devieee 4-30 
eloc, of conductors tf-09 
units of 49-09 
of water, etc 19-09 
factor, airway 14-32 
grids for elec locoa 19-19 
Resistivity measurements in wdls lO-A-20 
of rocks lO-A-34 d set 
Resoillng by dredges 10-600 
Resolution of force 39-39 
Resonance in a-c dreuita 49-19 
Respiration, artifidal 99-94 
Restriction of oil weila 44-09 
Resuing 10-249 
Rand 10-146 

Resultants, roncurrent forces 96-99 
graphic solution 36-30 
nonconeurrent forces 30-83 d Mg 
Resnsdtation apparatus 33-07 
Retslnlag walls 43-19 d Mg 
Rptiremeot benefits. Federal 99-14 
Retorting of amalgam 91-09 
Retreat piUar robbing 10-902 
systems, amygdaloid mines 10-179 
Retrsating longwall 10-909 
Retrograde veioier 17-34 
Reverae fault 2-13 
ReveraiUe tramways 99-00 d Mg 
ventilating fans 14-14, 14^41 
Ravarsing of aw flow in mines 14-08 
of steam hoista 13-m 
ventilation 98-39 
Revolving dump-esar 11-09 
Boreena, ooal-sising 94^10,94^7 
shovel, reach of 3-08 
sorting table 38-10 
Reynolds numbsr 38 - 38 « 

for steam 40-31 

Rbeinpreuasea ceUiary drop^haft 8-17 
Rheolavsur coal deansr 89-18 
coal-cleaning system 34-11, 34-31 d sag 
and Stump Aii»flpw plant 31-33 
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ceatnd of indostloiB motor 4a>4» 
ShoootaU for ele« hoisting M>mi 
Bfcodosin, snoient mines 1(M)5 
boring in 10-60 
hmad stoi^ng 10-129 
Rhyollts '2-04 

Nev, hsnd drifting 10-03 
SiUst trusmijs SMI 
osblo tension t^lO 
Sics rock-dost bsrrisr M-4S 
Sics, G. S., on subsidenoe 10-621 <f seg 
Slchuds oonl stripping 10-469 
screen scsle Si>4U 
Riffle 10-640 
Bsmplers Sf*4M, SO'W 
Riffles for dragline dredging 10-601 
placer-mining 10-666 et teg 
Riffling of dredges 10-586 
Sift of building stone 6-23 
Sight of way for ditch 26-OT 
Sight-angle triangles, functions of S6-1T 
Sighter Coal Cikt Co, gasolene loco 11-37 
RiU, shrinkage stope 10-276 
Btope 10-160 
stopes 10-131, 10-205 
filled 10-262 et teq 
Rimogne slate quarry 10-177 
Ring, circular, mensuration of S6>li 
concreting of shafts 7-10 
drilling 10-181 

Home mine 10-100 
Mt Isa mine 10-106 
Ringrose firedamp alarm 23-80 
gas detector 23-87 
Rio Tinto, chamber mining 10-176 
copper deposit 2-23 
mine, subsidence 10-625 
Rittinger screen scale 31-08 
River-bar placers 10-636 
Riveted connections - 43-47, 48-48 
steel pipe 38-18 
Rivets, listed 41-81 
spacing of 43-47 
Road building, blaatlM for 4-24 
cross-sections IT-n 
Roada for drffla 10-37 

Roan Antolopo Copper Minos, accounts 81-83 
borehole sample calculation 10-42 
dwdling S8i44 
machine loading 10-106 
mining methods 10-170 
Roasting before eyanifflng 33-11 
Robbing pillars 10-601 etteq 
Robinaon Deep, development 10-67, 10-144 
hedsting ropes 12-26 
refrigerating 14-40 
Band filling 10-tQ4 
Rock 2-02 
alteration of 10-18 
In-oken, loading at 6-21 et aeg 
bursts, Rand 10-146, 10-146 
ohuto. coal mining 10-497 
on dredi^ 10-677 
eoeff in blaating 6-12 
driUa 13-83 it teq 
classified 18-33 
mantrfaoturen 1946 
dust ,23-M 

In inine ait 2341,28-18 
aoetlen for afaafta 7--08 
atmetuzo, effsot on aubdldenee^ 10-625 
temphraturea 2341 
tindaiprannd 14-66 
Redfc-bitraW in metal mises 23-84 


Rock4nat diatributora 16-21, 23-471 
makers 16-31 

Rock-dusdng coal mines 23-42,2347 «t asp 
Rocker, gold-washing 10-638, 83-13 
Rock-fiUdam 43-83 

Rock-helos, cosl mining 10407 
Rocks, igneous 3-03 et eeq 
physical properties lO-A-30 el seg 
toughness of 6-02 
wcfight of 3841 

Rod, leveling, underground 18-14 
Rod-mills 33-U 
Rods lor diamond driUing 9-46 
Rolled steel, standard shapes 43-44 
Roller-bearing mine-esr wheels 11-11 eteeg 
Rollers for rope haulage 1141 
Rolling of ore sampina 86-M 
planimcter 17-03 
rceistance on track 11-27 
RoU-feedere 3746 
for coal 3644 
Rolls, coal-breaking 34-17 
crushing 38-10 et eeq 

Roman method for measuring overburden 
10-A~14 

Rondout siphon drop-shaft 8-10 
Roof, coal mine 10473 
support, Rand 10-148 
trusses 4346, 43-83 
Roofing of frame buildings 4341 
Room hoists, makers 1641 
and pillar sises 10491 
work with conveyers 37-19 
Room-snd-pillar coal mining 10474 et eeq 
working 10-149,10-176 et eeq 
in drift mins 10-610 
ventilating 14-17 

Rooms, coal mine, sparing 10476, 10- i 
Root mean square value of alt current .3-13 
Roots, slgebraio 36-04 
of numbers 46-86 «t eeq 
Rope and cable 'measure 43-44 
drive for tramway 8946 
drives 41-49 et eeq 
fastenings 12-28 
haulage 16-11 
curvee on 11-18 
underground 1141 et eeq 
for mono-cable tramway 8641 
for windlass 12-^67 
Ropeis ior cableways 8344, 8646 
for diamond-drill hoisting 9-60 
hoisting 12-19 et eeq 
for oil-well rig 9-11 
for underground haulage 1141 
Ropeways, aerial, in atopea 10416 
Roscoellte^ tests for 1-61 
Rossbany mine, deep-fads hammer drilling 
10-71 

Roaielare, HI, shrinkage stotung 10-380 
Ross shaft, cost 7-26 
Roaslsnd, framing aquare-sets 10-226 
timber consumed 10-224 
Ro-tsp sieve shaker 8144 
Rotary bita, oil-wdl 9-20 
blowms 1340 
M eaUe-tod drilling 9-24 
ear dump 11-60 
converter 1643,4248 
drilling for ofi 9-15 et eeq 
sampling 9-61 

oil-wdU dritl speeifieationo 9-23 
piimpa 4041 et eeq 
Rotary-drin ontfita, examples 9-26 
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XtfteilMi of hoiBinw drilb ll-M 
laothemotiw of M-M 
BMoliuiicoof M-M 
of tnok mUo M-IT 
BotlMrluun oxygon onixnLtuo 
Koto-Cleao 4««t eollootof 
Round, blooting, in roiaoo 10-109,1^110 
in tonnolo 0-02 tt $eg 
Seond Ht, Rot, bordiola oawyo 10-44 
Bonad Volloy tangoton' oiaot glory-holing 
10-46S 

Bowndg, drifting ;t0-04 «t let 
ahuft-aiakinc 7-07 ei eet 
tunnel drilling 0-08 et aeg 
Sonnd-tbabor agaare-Mta 10-217 
Routine of driftlnc 10-100 
of rniaing 10-110 
Ronyn, Qaabec, proepeotittg 10-30 
Rowe iron mine, hydmulie atripping 10-458 
Royalty, leaae 
mining, NW Terr 80-81 
Rubber belta 41«4M 
lining for akipa 12-112 
Rttbber-diaed pipe im mmnd fiUing, 

Bomeatake mine 10-420 
Matahambre mine 10-424 
Rubber-Cirad toulage 87-10, 87-80 
Rudkble atone, guarryinx 5-23 
RnbiiHnm, .aouree of 2-27 
RuUe eleeaW 10-674 
Riilea for exploaive mai^nea 4-17 
for handling exploeivae 4-18 
"Run-of-a^^ eoal 8448 
aereena 88-4M 

Roaaera, water-wheel 40-88, 4040 
Rumdng gyound, tunneling in 0-25 
Rnnwaya for unloading exploaivea 4-17 
Ruah of eoal, aeeidenta from 88-84 
Rnaala, hand atoping 10-127 
Ruaalan meaaurea 48-88 
Ruaty gold, aouree of 2-25 
Roth mine, bloek-eaving 10-857 
jaokhammer drifting 10-90 
iqMn-pit mine 10-437 
raiae round 10-114 
Rutile, oeourrenee of 2-27 
Raiha, on aubudenoe 10-522 


Saceardo rentilating eyatem 14-43 
S aek - boret for drop-ehafta 8-17 
f^cramaiito ^knybohns 10-480 
hoist, teat of 12-52 
ahidt, Aria, oonoreting 7-20 
coat r-81 

Saddle-baek mine eera 11-05 
atulb 10-162 
fleddle-teafa 2-25, 10-16 
Saddlea. tramway 88-18 ei-eet 
SaagmoBer aelax attadunant 17-88 

a s lead for oon«ete beam MMLt 
aibr oatdhea on eagaa 12-100,12-108 
davioaa, ouerwihding 12-116 
in dee hoiat^t 16-10 
factor 48-61 
holat^ eagee 12-108 
heiatiag rnpea 12-24 
■taal faaadfraaaaa 12-79 
wooden headframae 12-60 
Oiled gtaping 10-278 
foie 4-28 
InhaalagB 11-48 , 
laaape jMwMeiMg 
aaeetiqibvVORdB • ' 


Sef ety in metal nilniii« 10-429 
in minea 88-68 
in ahuftuinkiBg 7-05 
stopa for oaia 11-30 
in underground ■orveya 19-04 
valvea, boiler 49-15 
Sag of tapes t7-'18 
St Helena, Oreg, blast 5-18} 

St 'Joseph Lead Co, madiine uovd' 10-135 
organisation 8048 
overhand atoping 10-289 
power-ahovel 10-421 
recovering ore in pStara 10-186 
scaling roof 10-184 
St Louia-Zflne Hour mlhing case 84-18 
St Paul iron mine, bdt conveyer 10-437 
Sale of minee, tax on 84-80 
of ore 89-11, S2-M et leg 
Saline depoaito. source of 2-32 
minerals 1-11 
Selivation 88-06 
Salmon Cr hydimtdic mine 10-559 
Salt for counteracting effect of high temp 
88-16 

dome, anomaly doe to lO-A-09 
domes, formation of 2-32 
extraction by boreholes 10-398 
mining methods 10-149, 10-178 
mining, Tex 10-418 
Salting of assay samples 80-18 
of ore samplea 25-16, 2249 
Salta for preventing exploaions 2 8 -4 8 
Salyer hydraulic mine 10-567 
Samplea for ore testing 81-08 
Sampling 29-09 
for assay 8045 
bordiolea 9-31, 10-39 
Mesabi 10-03 
for coal-cleaning 82<il 
coal-mine dust 2848 , 
gold bullion 8845 
large-scale 25-10 
of mines 85-08 et eeq ^. 

in sale of ores 88-05 
tailings by auger 9-04,10-55 
theory of 85-08 

Sampling-mill Sowaheata 89-14 et sag 
Sand filling. Champion mine 10-257 
of coal mines 10-516 
ot metal mines 10-421 et Mg 
Rand 10-148 
against subsidence 10-525 
; filter for sewage 28-88 
for water 88-89 
taiJingi from dredges 10-587 
on' track 16-18 
wheels on dredges 10-587 
Sand-flatatloa (Chance) process 86-16 
Sandraal, oil-well rig 9-10 
Sutda, cyaaidation 68-16, 61-16 ef eeg 
sheari^ atrees in 3-04 
Sandatone 2-07 
as buUdii^ stone 2-28 
minerala of 1-11 

Sfiaford-Day miBe-har wkaal 11-12 
Saa F dal mine, tramway 8646 
San Juan del Rey iniaa, hoisthig 1249 
distr, Colo, Imnd drifting 10^ 

Santa Fnindaca miue, methoda ‘ 10-24# 
Santa Rite, R M, opatHplt mtelag 10-4tt 
Sap^kce, ooeurrence of 2-82 
Saprdtta 9-00 
Saikatehawaa, mining Ipw 
Saaaeabtcg daop- ah aft aaeRwd S-UT 



INDEX 


49 


Satonted air, properti«B 6t N-M 
•team, propertiM of' St-dt 
vapor 

Savaaaab Coppar Co, ehura<driU uunplea 

1(M.8 

Sawlaf of timber 49-11 
Saw-toetli roof 49-M 
Saxton eoal mine 10-493 
Scalda, treatment of SS>-64 
Scide of aerial pbotoa IT-M 
in boileia 40-S0 
of geologio mine mapa lt-<MI 
on mape lT-14 

of operation« eatimatinc U-SS, ISi48 
Scuf j<dnt in timber 43-48 
Scariflere, earlb 3-12 

Scatter pile m^tbod of mining, Eand 10-143 
Schaider reapiration method 
Scheelite, fluoreaoent test for 10-26 
occurrence of 2-27 
Scliitko hoisting ayatem 12-07 
Schlnmberger leaiativity method lO-A-13 
Schmidt ebaft-plumbing device 18-80 
variometer lO-A-08 
Scoop nUne car 11-08 
Scorification aasajr 8fr-lS 
Scori^ring lead buttons 80-11 
Scotland, coal mining 10-304 
Scott transformer connection 48-88 
Scram drift 10-191 
flin Fion 10-420 

Scranton, Pa, borebide record 10-32 
Scraper loaders in coal mines 87-11 at aeq 
in metal mines 87-86 
loading, Ala 10-130 
Bisbee. Aria 10-317 
Qimax mine 10-308 
Mesabi 10-308.10-419 
Minevilte. N Y 10-143 
Rand 10-145 . 
shaft mucking 7-11 
sub-level caving 10-387 
in tunnel .0-17 

Scraperi in D. C. A E. mina 10-188 
earth 8-07,3-08 
Menominee Range 10-310 
In stopee 10-417 at ces 
ss power shovels in mucking 10-107 
in Tri-State mines 10-136 
in tunnels 8-16 at aaq 
Scribing in drift mine 10-810,10-813 
into sluices 10-544 
in Btopee 10-188.10-183,10-191 
sub-level caving 10-335 
Scrapping machinery by blasting 4r-24 
Screen anatyrie Sl>e8 
edeoal 38-18 
house, anthracite 84^41 
Serseniv of oori 88 ' 08 , 88-18 
of ores 88-11 
of aamptee SO'dM 
ScaeeiM, eoal, capacity of 88-14 
for etml diyim^ 8<-M 
eoataialng StalB 
dawataring 88-84 
on dredgsa 10-582 
gnvitp-etamp 88-14 
revolving, for coal 8 8- 4W 
shaking, for cool 81-81 
Smir kpikee for track 11-18 
Scrovra, wood 48-88 
Smnb Oak mine, maohiue loading 10-103 
Semhbor for gaa pradneor 48-48 
SciHvy S844 ' 


Sea water, depoaiia from 10-14 
Seale lay rope 12-21 
Sealed erees, gae in 8 8 i ""8g 
Seriing dropwbafts to bedrock 8-00 
ol fire areas 88-48 
at pneumaUc shafts 8-14 
Seam, rock 2-11 
Season, dredging, Alseka 10-595 
Seasonal changes in air temp 88-12, 88-18 
Seasoning of lumber 48-81 
'‘Second injury” cempeauation 88-18 
Secondary bloating in quarries 5-25 
enrichn^ent 2-22 
minerals 1-10 
Section, U S lands 17-81 
Section 81 mine, Mich, glory-hoUng 10-157 
Sectional drill r^s 5- 06 
Sectionalizing of dredges 10-588, 10-508, 
10-’699 

cost of l<'-698 
trolley lines 16-07 
Sector, circular, area of S6-tl 
spherical, mensuration of 86-16 
Sedimentary ore depceile 10-16 
overlap 2-15 
rooks 2-07 at aaq 
forms of 2-11 
minerals of 2-03 
Seepage through dams 48-86 
from ditches 8846 
from rtiservoirs 86-88 
Segment, circular, area of 86-18 
set, Mitchell slicing 10-230 
spherical, mensuration of 86-16 
Segregation in samplss 86-08 
Seismic data analysed l<X-A-24 
properties of rocks lO-A-30 ei aaq 
prospecting lO-A-21 at aaq 
Seismogel esplosive 4-10 
Seismograph, drilling for 9-23 
Seismometer lO-A-22 
Self-dumping cages 12-99 
Self-oiling mine-car wheels 11-11 
SeU-potentiai geopbyeical eurvey lO-A-10 
SeU-r«ritue apparatus 88-66 
Ssmet-Sblvay coke oven 88-86 
Seminole oil field, gas compression 44-47 
Sense of a force 86-86 
Separaton, steam 40-88 
Septic treatment of sewage 88-81 
Series, elec 41-08 
flow of air 14-32 
mathematical 86-08 
motor 48-10 

Series-arc distribution 41-40 
Serpentine 2-09 

as building atone 2-28 
minerals of 1-11 
Servicing units, dl-well 44-17 
Sets, drift-timber 10-107 
drill-steel 5-09 
timber 10-198 
Setting-np transit 18-47 
Sevier Talley shaft, cost 7-29 
Sewage, contamination by tS-fil 
diepoeal 81-80 «ts«g 
farm 88-81 

Shade Coal Co, gasolene lose 11-87 
Shaft, footwall 10-88 
ineflned, choice at 10-83 
locatioii, Mesabi 10-302 
mining, defined 10-03 
pillar in coal 10-508 
piUan, rise of 10-588 
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^aft irfiimbiiig It^lt tt teg 
without wires IMi 
pockets 12-119 tt Mg ’ 
proepeot 10-81 
rain^inc 8I>1S 
vert M inclined 10-M 
walls, supporting 7-12 et sag 
Sbaft-bottoas layout 11-28,11-28 
Shaftliig, power 4MMI 
Shafts, blasting in 4-23 
cross-section 7-02 
exploration by 10-78 
hoisting signals 12-84 et eeg 
on Rand 10-144 
sites of 7-02 
turned-verticsl 10-80 
ventilating 14-88 
leakage in 14-16 
Shaft-sinking plant 7-03 
in soft ground 8-02 et eeg 
Shaker screens, coal-eising 84-10 
Shakers for screen-testing 81-04 
Shaking chutes 10-416 
for anthracite 84^44 
conveyers 87-18 
ooal preparation 85-10 
acreens for coal 88-00 
sorting table 88-17 
Shale 2-09 

Shalee for brljckmaking 2-28 
Shamokia mhie car 11-10 
Sharpening of reck bits 6-06 
Shstteriag effect of explosives 5-17 
Shattuek solar attachment 17-88 
Shaw gas tester 18-28 
Sheer in beams 48-08, 48-08 
in concrete beams 48-18 
modulua of 48-08 
sonee 2-14, 10-15 
Shearing resistance of soil 3-04 
Sbsathi^ of explosives 28-88 
Shesves, cableway 84-08 
hdieting 12-17 

for rope drives 41-09, 41^11 * 
for rope haulage 11-41 
support of 12-77 
trunitay 80-00 
Sheep Cr tunnel, cost 0-28 
procedure 0-10 

Sheet ground, Tri-Btate distr 10-137 
mining, Kcher diatr 10-141 
Sheet ouuxy 5-24 
Sheeted gronad 2-14 
Sheeting of rocks 2-16 
trench 8^15 
Sheet-piling 8-03 e( $eq 
ShsOs, cruehing-roll. 20-10 
Shamird mine, tsil-rope haulage 11-43 
Shwritt Oordoa mine, breast stoping 10-143 
nnderhsnd stoping 10-150 
Shift fnah 8-13 
Shift-boss report 20-4)0 
Shiloh ndae, gesdUae loco 11-88 
Shlmmln SIter 88-81 
Shingle roef 48-40 
Shiaasten miae, gasolene loeo 11-87 
sup aMaanrementa 40-02 
SUm kttcSng by tramway 20-44 
Shim opsttrpit iron mine 10-456 
Moadiag^oC Sent 10-21 
Shook loatae in Ur currents 14-25 et sag 
- str ess <-48-01 
taeatm«Btior, 28-62 
Sheodaa flS'liliH 28‘OS 


Shoots, ore 10-15 
ShectwsU coal cutter 10-40 
Shot Sring, Rand 10-L48 
Shot-boriv 9-61 
Sbot-drilUag, Rhodesia 10-00 
shaft 7-03 

Shot-firers in shafta 7-10 
Shovel loaders in tunneia 0-15 
Shoveling in breast stopes 10-184 
floor 10-198 
by huid 10-103,11-02 
hand-loading by 3-00 
in Btopes 10-413 
Shovell^-in 10-542 
Shrinkage of embankments 3-05 
of lumber 48-81 
mining, Rand 10-145 
stopes 10-274 et seg 
DeBcera mines 10-393 
Fraakliu mine 10-339 ’ 

Miami mine 10-381 
sand filling 10-420 
ventilating 14-19, 14-20 
stoping, summary 10-296 
Shunt 48-08 
elec machine 42-08 
motor 48-10 

Siberia, Empire drilling 9-06 
Side alopes for ditches 88-88 
tdearope on transit 18-10 
Side-hill cuts in rock 5-27 
Sidcfinc agreements 24^417 
Siemens dynamometer 48-07 
Sierra Leone, placer mining * 10-545 
Siena Nevada buried pleceis 10-636 
Sieving by hand, std method 81-04 
Signal systems, elec 16>4>8 
Signalling in shafts 12-84 
Signals on triangulation stations 17—47 
Silesian ore deposits 2-24 
Silica for assaying 884)8 
Silicates in ro^s 2-02 
Siliceous dust, physiological cReot 28-18 
SlUcosls 88-38,28-18 
SiU floor 10-198 
volcanic 2-10 
Sill-floot timbering 10-219 
SiUimsnits, origin of 10-21 
Sills for sguare-set stoping 10-219 
Silt 2-09 

Silting of anthracite minea 84-00 
dredge, avoidance of 10-600 
Silver as dee conductor 49-08 
orea 2-24 

■ grinding for oyanidatlon 88-11 
in orea, payment for 88-07, 88-14 
Cliff, Colo, ore deposit 2-25 
Dyke mine, method 10-388 
King mine, breaat etoping 10-141' 

Flume, Colo, raisiiig trough old fitted stops 
10-118 

Reef, Utah, ore depodi 2-25 
Simmer Jack mine, hdetiu 12-68, 12-60 
aand fitting 10-422,10-^ 
shaft sinking 7-30 
Simple enginee 88-18 
interest 88-07 ^ 

Simplex piston pnmpu 40-0 0 
Simpsoh*! rale for sxens 17-21,80-18 
Sine wave, elec 48-18 
Ongledudad diflllng 6-07 
in sMpas 10vl26 
&^e*pliaae ana generator 
Maverter 48Htt 
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aaiJs-lihue iaduetioa motor 4M1 
Sinilo-ioa umdiM for coal SMB 
8teBlo*Bliot tdMtiiif sutchinac 4-39 
8tetfa-«taca cantriitical pump 13-14 
eomprenon IBMtS 
fotmulaa t9»18 
Stalker drOls IMS 
Staikiac fund SMB, 4S-4S 
pump BB-SB, 40i^ 

Slatons for mine drainage 13-10 
Sirocco fen 14-40 

Siecoe Gold mine, machine loading 10-104 
Size of alluvial tin, Malaya 10-420 
aver, of portielee Sl-OB 
of eone-crueber product S8-4)9 
deaignation of pumpe 40-S8 
of grains in samplee SB-OS 
of gyratory-crusher product SS-OB 
of hand-sorting feed S(M.8 
of jaw-crusher product S8-04 
reduction in ore crushing SB-OB 
of roll product S8»tS 
Sizing analysis 31^)3, 31-04 
of coal 3S-04 e( ssQ 
tests, plotting 31-08 
Sizing-sorting-assay test 81-08 
S K F ball-bearing wiieol 11-18 
Skid road for rock excavation 6-23 
Skidding oil-well dwricks 9-18 
Skidmore coal seam, headings in 10-511 at sag 
Skip tracks 12-83 
Skips, ore 12-107 at sag 
Slebbing 10-124 
Slehbing-cnt, tunneling 0-08 
Slabs, concrete 43-13, 43-16 
Slack in bucket eievators S7-8S 
in hoisting rope 12-23 
Slack-line cableways 84-48 
Slack-rope hoisting 12-02 
Slag, assay 30-08 
for fivishing 10-616 
State 2-09 

quarries, underground 10-177 
Slates, sources of 2-28 
Sledging 88-15 
SUee drifts 10-826 
Slices in top-alicing 10-301 
Slicing, MitcheU system 10-227 
Slickeneidea 2-14 
SUck-sheet in tunn^ing 6-10 
Slide valve on steam hoists 12-61 
Sliding angle of ore 10-164 
ecales for wsges 88-44 
SUmes, cyanidation of 88-10, 88-17 et sag 
SUm-bole exploratory boring 9-23 
SUp of belts 41-04 
of induction motor 48-18 
in pumps 40-88 
sereper in ptsoer mining 10-648 
Sip-jotait eaidng pipe 9-26 
Slips in embankments 3-04 
Kcrp cyanide aeny mstbod 80-17 
Slo^ of amalgamating plstee 
of gravity idane 11-41 
hoists, elec 10-11 
of open pits 10-484,10-470, 10-627 
■takes 17-87 

United Verde op«i-pit 10-443 
Slot sygtsm of mintaig 10-390 
Stodgo box 10-39,10-62 
NorKhodeeia 10-60 
and obro knatyaae. eombining 10-42 
dieinoBd<drill 10-68 
hamnet-drUling 10-69 


Sludge, eeptio-tmtment 8M1. 

setiHng, eosl-waabery 11-80 
Slug 86.84,88-W ' 

^uice 10-640 
box 10-661 

dredges, Midaya 10-626 
inclined 10-676 

Sluices for dragline dredging 10-601 si ssg 
grade of 10-662 
hydraulic-ndne 10-661 at ssg 
sixes of 10-664 
Sluicing, stripping by 8-16 
Slump test for concrete 48—11 
Slushing drift. Climax mine 10-367 
Smelter charges, calculating 8S-06 
Mslsyaii tin 10-039 
schedules 38-10 at sag 
Smsiters in western U 8 80-10 
Smelting, outline of 38-08 
Smith solsr sttscluneat 17-86 
Smithsonite 2-23 

Smoks-clouds for ventilstion messurements 
14^^21 

Smoke-hetmsts 83-48,83-48 
Smooth-coil track cable 84-17 
Snake bitee 88-34 
Snake Cr tunnel, cost 6-2B 
Snake River idecer geld 10-630 
Snakebole bleating 6-20 
Snow load on trusses 43-87 
Snowden Coke Co car duisgi 11-31 
Snyder sampler 89-48 
SoeiMtone 2-09 
mitierala of 1-11 
ocourreuee of 10-21 
Social Security Act 88-44,88-14 
Sockets, rope- 12-28 
Soda fur assaying 34-44 
for blowptps testing 1-08 
Sodium emelgem, preparation and use 14-18 
chloride sols, resisiivitv lO-A-30 
nilrste, occurrence 2-33 
vs potassium cyanide 33-48 
sulphide precip from cysnids sols 3 3 »414 
Soft gronnd, shaft-sinking in 8-02 at aag 
Soil, physics of 3-03 
Solsr attachment 17-84 
observations 17-n at aag 
Solenoid 49-04 

Solid impurities in mins air 88-11 
Solids, speciOc beats of 80-81 
Sidlmr 10-174 
Solubility of minerals 1-08 
Solubiiitiss in cyanide 88 -48 
in water 37-04 
Solution cavities 10-14 
Solutions, ryanide 31—14 
Sougo sbsft. Ale, concreting 7-20 
Sorting, Champion mine 10-264 
chute 10-4U4 

in eut-and-fiU stopea 10-238 
floors 88-16 
hand 80-18 
in open-iHts 10-471 
of ore, ^nd 10-146 
in shrinkage slopes 10-476 
top-slicing 10-301 
Soudan mine, drift round 10-100 
filled stoping 10-247 
Soondings, locating of 17HW 
So Africa, gold mining methods 10-144 si sag 
hand stoping 10-126 
Sooth Blocks zalae. chutes ^0-406 
SeiUh Burbank oil fladd pimctiee 4 4 " O B 
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tMA CaMl&M. photpbBi* pw pwting 10-S4 
■ttvth Oak, nf to adniag low M-lt 
■onrikooM BH aloo, topwUoiiif 10-418 
■ B Miaoowl, booui ■yotom ltt«08 
eoot of miBiiic tt«88 
Bpocing of biMt boUM 6-12 it ig 
la troaohiag 6>47 
ofbonhola 10-68 
of abato>gotM 10-876 
poota la ■quoro’ooto 10-218 
of nioM oad idnaoo 10-01 
of ninforoinK ban 48-18 
ofrtTota 4Si-4T 
oftroektiaa 11-18 
8po4a for aaOanrooad oarroyo 18-02 
SpoOiac 28-18 

Spaaioh-Amoriua mooaaroa 48-82 
Spoaiah Foak laaibor teamwoy 26-81 
SpocUl foUtia ozplOBlao 4-09 
SpadOe aleo raaiatanoe 42-08 
groTity aaaajr 81-21 
datwidaaUon 1-06,28-20 
of aiinerala 1-06 
of ora, taatiag 10-78 
rooks lO-A-80 
haot of grard 10-616 
haata 88-20 

SpaeUlcatloaB for oonoreta 48-11 
for d-o motors 42-12 
for induction motor 42-21 
for atruotural atael 48-42 
for asrnehronouB moton 42-16 
Spaeulator abaft, cost 7-81 
Spaad 86-46 

of advanea ia haadiaga 10-90 
of.balta 41-04,41-06 
of. aablawaya 26-46 
of ohurn drilling 6-11 
control of induction motor 42-20 
eounters 40-44 
of oruabing roils 2^11, 28-12 
of diamond drilling 9-56 ee aeg 
of d-o motors 42-11, 42-12 
of drilling in tunnels 6-10 
gorernora on hoists 12-118 
of hand-^mmer drilling 6-08 
of hoisting 13-45 
of auohina drilling 6-09 
of mine fan 14-53 

of saiamio waves in rooks, ato 10-A—37 et teg 
of abaft-sinking by freesing 8-21 
apeoifia, of oantrifugsl pumps 46-86, 40-87 
of water wheals 46^8 
on tramways 264)6 

Spead-Uadtiog of synchronous converter 42*28 
Sphere, equations of 86-28 
mensuration 86-18 
Spherical dasas, underground 18-07 
S^Oc^ listed 48-86 
rail 11-15. 11-16 
Spillway for dam 48-2« 

Spiral coal olaanar 84-28 
^ory-hola mining 10-160 
spring, formula for 41-22 
trackage in open-pits 10-486 
Spiral^iveted pipe 82-12 
listed 41-14 

Spittera for blasting 4-22 
Splice bare, rail, 11-18 
rope, atrengtb of 41-06 
SpScaa in wire ropw 12-27 
Sp&Bt co4l 2-80 i 
1^-ebeek leaaios ayate m 2246 
l^t Sew ia abwaya 14-82 


Sdb-Sow aalnral vaatUation 14-87 
SpUtttag ore eamidea 26-26 
of ventilaribg currente 14-06,14-81 
Spongee aa roek-bnlldwre 2-09 
Spontaneous Stes 68 n 44» 28-08,18-46, 28 -68 
Spotty gold oroa, aamying 8647 
Spraggi^ of mine care 11-13 
Sprague 2 Hcawoed core barral 0-46 
Sprags for drift aeta 10-107 
Spraitts, treating 88-64 
Spread foundattona 46-08 
Spreadara, earth 8-08 
Spring cruahing rolls tt-lO 
Springing of btet holes 4-20 
of bore holea 8-10 
Spring-pole drilling 0-04 
Springe on oagee 12-100,12-102 
formulae few 4141, 41-22 
Sprinklers, autoraatio 28-21 
Sprouting during enpellation 26-14 
SpruGO iron mine, brit conveyer 10-437 
wood, propertiw 48-80 
Spud, dr^ge 10-583 
Spudding oil wells 9-11 
Spur gears 41-08 
Spur-gear ratioa 41-08 
Square measure 48-48 
metric 48-48 
moment of inertia 88-48 
Square-chamber coal mining 10-504 
Square-roota of numbera 48-24 e( seq 
Squares of numbera 48-84 «t ttq 
Square-set block-caving 10-343 
chutes 10-404 
obute-gate 10-407 
alieing 10-299 
Meeabi 10-306 
Btope, sand filling 10-427 
Btopea, raises in 10-116 
atoping 10-197 et teg 
top-slioing 10-302, 10-813 
Square-sets, dimensions 10-213 
erecting 10-226 
Goldfield Cons 21-06 
summary 10-226 
timber requirements 10-226 
Squarq-eettittg, Golden Queen mine 10-890 
Squeezes in coal mines 26-88 
Squib, blasting with 4-25, 4-28 
Squlbbing of blast boles 4-20 
Squiba, blasting 4-12 
electric 4-27 

Squirrel-cage motors, coet 18-24 et $eg 
St Albert coIUory drop-shaft 8-09 
Stability of looee materiala 3-04 
of minerala 10-06 

Stablea, underground 11-83, 28-22,28-12 
Stacker tor dredge 10-583 
Stacking tailing by gianta 10-875 
Stadia rods 17-4MI 
surveys 17-41 st eeg 
Stage oomivemion 1 1 28, 86-12 
* oompreaBore 18-22 
hoisting from mines 10-87 
Steiia, dimensions of 41-41 
Staking lines and gtudea lT-24 
outcrop of vein 10-28 
Stan roa^, coal- mina 10-505 
Stamp mills 88-10 
Stamps, gravity 88-18 it teg 
StoaAui cable-tool rig 9-09 
CoiMKd mine, hand etoidag 10-1S6 
eometa 17-80 
parallelt If-iO 
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Studsid BJt me IT-tl 

riveted joifite 4t>M 
Standecdiutioo of eir drilb IMS 
Steaderds of antbreciUs preparatioD Mmt 
for bituminoiu coal 
Staadiac timber, eetimatiac SS-Sl 
Staadpipe. ainkins 9-«l 
Star elec churn drill 9-43 
mine, Khod, diamond drilling 9-60 
Starting box for d-o motors 4S-11 
dtam of drill hole 6-09 
induction motors 4S-M, 49>S1 
internal>oomb engines 4IMU1 
of pumps iIMt 
resistance, mine-ear 11-27 
ayuchronous converter 49^43 
synchronoue motors 4g>lS 
Staaafurt, subsidence 10-626 
State colliery inspection 33-68 
unemployment comp larrs 88-04 
wages and hours laws 88-08 
Static hoisting moment 12-02, 12-12 
stresses 48-08 

transformer 48-86 , 

Statics 86-89 «1 seg 
Station gas indicator 88-89 
pump, automatic 13-15 
track layout 11-23 
Stationary chutes 10-416 
Stations on cableways 86-81 et teg 
mine-rescue 83-59 
tramway 86-87 
for underground surveys 18-08' 

Steam consump by hoists 12-52, 12-63 
of pumps 4(KS1 
drive, rotary drilling 9-16 
engine 40-17 

thermodynamics of 89-16 et »eq 
Sow through orifices 39-06, 39-08 
haulage, open-pit iron mines 10-436 
hoiste 12-46 et seg 
locos 11—36 
measuring 40-46 
piping of 40-81 
points for thawing 10-610 
power for mines 16-08 
power plant, annual cost 40-06 
life of 40-07 
properties of 89-86 e( teg 
pumps for mines 13-11 
“sizes’* of anthracite 84-08 
thawing of frozen gravel 10-616 
turbines 40-18 
viscosity of 4<^9l 
Steam-engine eyelet 816-40 
Steam-jet blower for boilere 40-14 
Steam-ahovel loadioc gl rock 6-22, 5-23 
Steart mine fan 14-42 
Steel breaker construction 84-4T 
ebutee 10-406 
chute-gate 10-408 
drift eeta 10-108 
drill 18-88 
tunneling 6-08,6-11 
aa elec conductor 48-06. 4MM 
guides, safety catches on 12-100 
headframes 12-73 et teg > 

hoisting guides 12-83 
hoisting ropes 12-19 
hidls for d^gee 10-581 
mine cars 11-06 
pipe 88-lS 
pidlays 41-08 
lUBaa 10-687 


Steal ahafbeste 7-17 
sheet-pUea 8-03 
aluieea, hydraulie-miae 10-662 
Btruetural 48-48 et eeq 
supports in coal minea 10-618 
Steri-pipe beadfnme 12-82 
Steela for oil-well pumps 44-18 
Steep wotkinga. iravarsing 18-84 
Stefan and B^cman. law of radiation 89iii88 
Stellite on rotary bite 9-20 
Stettitiag drill bits 10-70 
Stemming 6-14 
of explosives 88-88 
tunnri blasting 6-13 
Stoma, gravity-stamp 86-14 
Step-down equare-eet 10-217 
Step^ault 2-16 
Stephenson safety lamp 88-16 
Stepped^ace filled etopee 10-238 
overhand stope 10-198 
shrinkage stope 10-275 
atope 10-127, 10-161 
Stereometric map 17-68 
Sterkrade drop-abaft 8-17, 8-19 
Steward mine. siU-Boor tim^ring 10-221 
Stewart’s formula for caeing pipe 9-20 
Stirrups, concrete structures 48-18, 48-17 
Stock, volcanic 2-10 
Stocking ore by tramway 86-44 
Stockwoiks 10-lC 
Stokers, mechanical 40-18 
Stone, broken, quarrying 6-26 
masonry 43>^ 
strength of 10-630 
Stone-beats in rock excavation 6-23 
Stone-chutes on tin dredges 10-626 
Stoop-and-room coal mining 10-606 
Stope 10-04 

as basis of classification lO !24 
board 10-139 
surveying iiiethode 1^16 
widths io 128 
Stope-drift, described 10-153 
Stope-hoieta 12-50 
Stoper drills 10-94, 16-81,16-84 
in headings 10-101 
supporting in headings 10-101, 10-102 
Stopea, blasting in 4-23 
breaking ground in 10- 124 et teg 
mechanical handling in 10-413 rt teg 
preparation for sand filling 10-422 
sand filling of 10-421 et teg 
transport in 10-413 
Sloping cost far air drilling 16-89 
with machine drills 10-128 
widths 10-125 

Stoppings, Iv'skage through 14-16 
in venlilalinn 14-10 
Storage of anthracite 84-87 et teg 
of explosives 4-12 et teg 
of water 88-38, 86-88 
Storage betteriea 48-88 
Storage-battery lamps 16-81 
locos 11-39.16-14 
makers 16-81 
Stores, company 88-10 
Storing ore, top-slicing 10-301 
Straight-Une formula for columaa 1 6 0 6 
Strain 46-08 

Strainers for dredges 10-584 
for pumpe 13-18 
Strsjided conductor 48-80 
Strands in wire rope 12-80 
Stratlfleatioa of sedimentary rooka f-11 
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MraflcmpUe gwlacf 3-17 
Stratlgispltjr by w«U*locging l(^-A-20 
Stratam, rook 3-11 
StTMk ctf adaorala 1-06 
StfMa boundaiiM lT-60 
flow «otint»t«o flflxflS 
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